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Hodgkin lymphoma is one of the best curable malignancies both in adult and pediat-
ric oncology. Today, more than 80% of all patients can be cured with risk-adapted 
treatment including chemotherapy and radiotherapy. This progress is largely due to 
the development of multiagent chemotherapy more than 40 years ago and the improve-
ments in radiotherapy. Since then, this fascinating disease has been in the focus of 
scientific and clinical research. Major more recent achievements were the definite 
proof that Hodgkin lymphoma is a true malignancy despite its peculiar histology with 
the Hodgkin and Reed−Sternberg cells derived from “crippled” B-lymphocytes. 
Establishing immortal cell lines from patients with end-stage disease initiated a vari-
ety of different research activities into the pathophysiology, immunology, and treat-
ment. The discovery of the Ki-1 antigen that was expressed in high density on H-RS 
cells substantially improved the prognostic precision since nearly all malignant cells 
in Hodgkin lymphoma tissue are strongly expressing this antigen, which was later 
designated to the CD30 cluster. Monoclonal antibodies against this antigen were not 
only being successfully used for immunophenotyping but also exploited therapeuti-
cally. After a number of nonsuccessful clinical trials with antibody constructs or fully 
human monoclonal antibodies targeting CD30, this story now seems to come full 
circle with the advent of an anti-CD30 antibody−drug conjugate that has given 
remarkable responses in end-stage Hodgkin lymphoma patients.

Due to the substantially improved prognosis and the generally young age of 
patients affected, Hodgkin lymphoma has also become a model to study long-term 
effects of successful radiotherapy and chemotherapy. Today, more patients die from 
treatment-related long-term toxicity than from uncontrolled Hodgkin lymphoma. We 
must thus very carefully balance our attempts to further improve disease control with 
the need to keep the risk of long-term consequences as low as possible. In addition, 
there are also a number of relevant physical and psychosocial issues that need to be 
further exploited including the risk of infertility, and fatigue. Fortunately, after more 
than 20 years of standstill, we now experience the development of new-targeted treat-
ment also for patients with Hodgkin lymphoma. This hopefully might result in more 
individualized and less toxic treatments for our patients.

This book should give you an overview on past and current achievements in the 
area of Hodgkin lymphoma with a special emphasis on late effects and new treatment 
options. We would like to express our sincere gratitude to all those who have contrib-
uted to this project.

Cologne and Stanford, October 2010	 Andreas Engert
Sandra Horning

Preface
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Abbreviations

CI	 Confidence interval
COX	 Cyclooxygenase
EA	 Early antigen
EBNA	 Epstein–Barr nuclear antigen
EBV	 Epstein–Barr virus
HL	 Hodgkin lymphoma
HLA	 Human leukocyte antigen
HRS	 Hodgkin Reed–Sternberg
IL	 Interleukin
IM	 Infectious mononucleosis
OR	 Odds ratio
RR	 Relative risk
SEER	 Surveillance, Epidemiology, and End Results
SES	 Socioeconomic status
US	 United States
UVR	 Ultraviolet radiation
VCA	 Viral capsid antigen

Hodgkin lymphoma (HL) is a relatively rare malig-
nancy, occurring in the United States (US) at approxi-
mately 1/20th the rate of lung cancer, and 1/7th the rate 
of non-Hodgkin lymphoma in 2006 [1]. Yet, it has 
inspired a high degree of scientific interest because of 
the heterogeneity of its clinical presentation and behav-
ior, with some aspects characteristic of malignancy but 
others recalling an infectious process; the complexity 
of its histology, including the infrequent malignant 
Hodgkin Reed–Sternberg (HRS) cell in an otherwise 
normal reactive infiltrate, and the variability of cell 
surface markers [2]; and its unusual occurrence in chil-
dren and young adults, in whom it is one of the most 
common cancers [1], as well as in older persons. 
Motivated by these characteristics and MacMahon’s 
seminal papers on the epidemiology of HL in 1957 and 
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1966 [3, 4], epidemiologists have worked to disentan-
gle the complexity of this disease so as to arrive at a 
clear understanding of its pathogenesis and etiology. 
However, even as findings from this research have 
helped elucidate some aspects of HL etiology, they 
have continued to reveal significant epidemiologic het-
erogeneity across patient groups that recalls the dis-
ease’s clinical and pathologic complexity. This 
heterogeneity complicates the interpretation of epide-
miologic research conducted for HL as a single entity 
and perhaps challenges the classification of what is 
currently categorized as HL. Indeed, in 1999, HL was 
split into two main groups – classical HL, which com-
prises the majority of the subtypes, and lymphocyte-
predominant HL, an uncommon disease considered a 
B-cell lymphoma despite HRS cell presence [5]. 
Regardless, the central feature of classical HL epide-
miology is the very consistent observation of heteroge-
neity in its occurrence and risk factors.

Therefore, this chapter will provide an overview of 
the epidemiology of HL with particular attention to its 
etiologic heterogeneity. It will do so for several areas 
of established relevance: incidence patterns, timing of 
exposure to common infections, the role of Epstein–
Barr virus (EBV), familial aggregation and heritability, 
altered immune function, and selected lifestyle prac-
tices. Where possible, it focuses on classical HL.

1.1 � Incidence Patterns

HL has a low and relatively stable incidence with a slight 
male excess. Worldwide, estimated age-adjusted inci-
dence rates for 2002 were 1.2 and 0.8 per 100,000 males 
and females, respectively [6]. Over time, HL incidence 
has changed minimally in the US: cancer registry data 
showed a nonsignificant 0.01% annual percent decrease 
in incidence rates between 1975 and 2006, in stark con-
trast to the significant and rapid 3.6% annual percent 
increases in non-Hodgkin lymphoma rates between 1975 
and 1991 [1], years encompassing the AIDS epidemic.

1.1.1 � Heterogeneity of Incidence Patterns

When examined across relatively homogeneous popu-
lation groups, HL incidence follows complex patterns. 

Rates vary internationally: estimated 2002 incidence 
rates ranged from 2.3 and 1.9 per 100,000 males and 
females in more developed regions, to 1.0 and 0.5 per 
100,000 males and females in less developed regions [6]. 
Moreover, rates in the US were 3.2 and 2.4 per 100,000 
males and females (based on 5,037 and 3,820 cases), 
whereas rates in China were 0.2 and 0.1 per 100,000, 
respectively (based on 1,690 and 720 cases) [6]. The lat-
ter international difference alludes to additional incidence 
variation by race/ethnicity. Indeed, within the US, aver-
age annual age-adjusted incidence rates per 100,000 for 
2002–2006 were 3.1 in non-Hispanic Whites (hereafter 
referred to as Whites), 2.5 in Blacks, 2.3 in Hispanics, 
and 1.3 in Asians [7]. Despite the temporal stability of 
HL incidence in the US overall and for Whites, rates in 
Asians increased significantly at 3.3% annually since 
1992 [1], suggesting additional group-specific influences 
on disease occurrence.

Arguably, the hallmark of HL epidemiology is its 
variation in occurrence by age at diagnosis. The appear-
ance of the disease in young as well as older persons 
was first noted in 1902 by Dorothy Reed, for whom the 
HRS cell was named in part, when she wrote, “The dis-
ease occurs in more than half the instances in early life; 
probably the majority of cases are in children” [8]. In 
1966, MacMahon described the young-adult incidence 
peak as “…a distinct bump, almost as though a separate 
group of cases with a symmetrical age distribution 
around age 25–29 had been superimposed on the basic 
lymphoma pattern” [4]. Figure  1.1 shows that this 

7

6

5

4

3

2

1

0

5−9
10

−1
4

20
−2

4

15
−1

9

25
−2

9

30
−3

4

35
−3

9

40
−4

4

45
−4

9

50
−5

4

55
−5

9

60
−6

4

65
−6

9

70
−7

4

75
−7

9

80
−8

4
85

+

Age group (years)

R
at

e 
pe

r 
10

0,
00

0

Fig. 1.1  Average annual incidence rates of Hodgkin lymphoma 
(HL) per 100,000 persons by age group, 2002–2006, United 
States [7]



51  Epidemiology

bimodal curve was still apparent in US data for 2002–
2006 [7]. However, while the bimodal curve remains a 
defining epidemiologic feature of HL, its shape varies 
substantially by race, geography, time, sex, and tumor 
characteristics. Figure 1.2 shows that the young-adult 
peak in the same US data was most pronounced in 
Whites, intermediate in Blacks, and lowest in Hispanics 
and Asians [7]. In 1971, Correa and O’Conor showed 
by compiling international data that the magnitude  
of the young-adult peak was directly correlated with 
regional economic status [9]. Updating this analysis in 
1995, Macfarlane et al. determined that this correlation 
had weakened as international economic differentials 
narrowed over time [10]; indeed, rates in young adults 
have risen in populations experiencing improved stan-
dards of living, as noted in Singapore over time [11] 
and in comparisons of Asians in Asia to those who 
migrated from Asia to the US [12] and Canada [13]. 
Nevertheless, the age-specific social-class gradient 
persists both internationally [14] and within the US. 
Figure  1.3 illustrates how rates based on population-
based cancer registry data for the 3,794 HL patients 
diagnosed in California from 1988 to 1992 varied with 
neighborhood socioeconomic status (SES) for young 
but not older adults [15]; these gradients further differed 
by racial/ethnic group, being strongest for Hispanic and 
Asian females (Table 1.1).

The age-specific variation in HL incidence rates 
also differs by sex. Despite an overall male excess, 
HL is more common in young women than men 

diagnosed at ages 20 through 34 years – an uncommon 
pattern in cancers – but consistently more common  
in older men than women, typical of malignant dis-
ease (Fig. 1.4) [7]. Furthermore, increases in rates of 
young-adult HL over time were more pronounced in 
women than men in Connecticut [16], and in Singapore 
after 1995 [11]. HL rates also differ markedly by rec-
ognized histologic subtypes overall and across ages 
(Fig. 1.5) [7]. Nodular sclerosis HL, the most com-
mon subtype (average annual age-adjusted incidence 
rate of 1.6 per 100,000 in the US in 2002–2006 [7]), 
primarily affects young adults. In contrast, mixed 
cellularity, the next most common subtype (average 
annual age-adjusted incidence rate of 0.3 per 100,000 
in the US in 2002–2006 [7]), has a slight young-adult 
peak and rates that rise with older age. The positive 
associations of neighborhood SES with HL inci-
dence in Californian young adults noted in Fig. 1.3 
occurred primarily for the nodular sclerosis histo-
logic subtype [15].

Thus, the descriptive epidemiology of HL clearly 
illustrates variation in its incidence across a range of 
demographic factors and tumor characteristics. While 
some clustering of characteristics (e.g., young-adult 
HL primarily comprising the nodular sclerosis sub-
type) suggests etiologically distinct subgroups of HL, 
the inconsistency of many such associations (e.g., the 
occurrence of mixed cellularity HL in some young 
adults) prevents the clean assignment of subcategories 
of HL based on these characteristics.
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1.2 � Timing of Exposure  
to Common Infections

From his early observations of epidemiologic het-
erogeneity in HL by age, MacMahon proposed an 
infectious etiology for young-adult HL [4]. Noting 
similarities between HL and paralytic polio, prior to 
the availability of the polio vaccine, in the way that 
their incidence increased with age in young adults, 

Gutensohn and Cole proposed that HL at these ages 
resulted from late infection with a common agent 
[17]. This “delayed-infection” hypothesis was sup-
ported by three lines of evidence: (1) the association 
between social class and HL rates described above 
and elsewhere [15, 17–20], and a twofold or greater 
increased risk of HL in young adults with a higher 
personal SES and educational level [17, 21–26], 
which suggested that environmental conditions reg-
ulating exposure to infections impacted disease risk; 
(2) the increased HL risk in young adults associated 
with having an early birth order, coming from a 
small family, having a more highly educated mother, 
and, more recently, not attending nursery school [22, 
25, 27–31], which suggested a role of protected 
childhood environments and thus reduced or delayed 
exposure to infectious agents; and (3) the consistent 
finding of an approximately threefold elevated risk 
of HL in young adults reporting a history of infec-
tious mononucleosis (IM) [32–39], a manifestation 
of primary EBV infection occurring in adolescence 
or young adulthood rather than childhood (the more 
usual age at infection).

1.2.1 � Heterogeneity of Effect

The hypothesis that timing of infection relates to HL 
development itself arose from the observation of age 
variation in HL incidence, and subsequent research 
has borne it out. In the 1970s, Gutensohn et al. found 
differences across broad age groups in the direction of 
some childhood environment associations [25, 40, 41]. 
In young adults (ages 15–39 years), HL risk was asso-
ciated with having fewer siblings, living in a single- 
vs. multiple-family house, and having better educated 
parents, whereas in children (ages 0–14 years) and 
older adults (ages 55 years and older), risk increased 
with measures of more rather than fewer social 
exposures in childhood. These age differences in risk 
patterns, supported by numerous later studies [22, 27–
29, 31], were interpreted to suggest three etiologic 
forms of HL – childhood, young-adult, and older-
adult – an important initial paradigm of HL epidemi-
ology. In recent case–control studies, many of the 
previously reported childhood social-class risk fac-
tors have not been associated with HL risk [24, 30, 
36, 42], suggesting that temporal demographic 
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changes, such as decreasing family size, may have 
altered some of the childhood exposures most rele-
vant to the development of HL [24, 30].

1.3 � Role of Epstein–Barr  
Virus

The inference from the IM-HL association that EBV, 
a ubiquitous B-lymphotropic oncogenic virus that 
establishes latent infection [43], might have a direct 
role in HL etiology has been supported by serologic 
and tumor findings. After HL patients were noted to 
have elevated anti-EBV titers compared to controls 
(e.g., [44]), Mueller et al. were the first to demonstrate 
that EBV titers were altered before HL diagnosis, with 
patterns that suggest viral reactivation and enhanced 
replication (relative risks (RR) of HL with elevated 
levels of IgG and IgA antibodies against viral capsid 
antigen (VCA) of 2.6 (90% confidence interval (CI) 
1.1–6.1) and 3.7 (95% CI 1.4–9.3), respectively, and 
with elevated levels of IgG antibodies against Epstein–
Barr nuclear antigen (EBNA) and early antigen (EA) 
diffuse component of 4.0 (95% CI 1.4–11.4) and 2.6 
(95% CI 1.1–6.1), respectively) [45]. These findings 
are consistent with defective immunological surveil-
lance and control of infection with EBV leading to 
viral reactivation and, potentially, a higher risk of 
B-cell transformation and the development of HL. In 
the late 1980s, this possibility was further supported 
by the detection in some HL tumors of EBV gene 
products that were monoclonal and expressed by all 
HRS cells, indicating infection prior to malignant 
expansion [46]. However, contrary to expectation 

from the epidemiologic evidence that EBV might be 
an etiologic agent for all HL, the virus was found only 
in a proportion of tumors.

1.3.1 � Heterogeneity of Effect

The proportion of tumors with evidence of EBV (here-
after called EBV-positive) has been shown to vary 
substantially by patient demographic and tumor char-
acteristics, providing strong evidence of the virus’ 
varying role across subsets of HL [47, 48]. Among 
1,546 patients assembled from 14 international studies, 
the percentages of tumors that were EBV-positive were 
34 and 64% in developed and less developed countries, 
23 and 70% for nodular sclerosis and mixed cellularity 
histologies, 48 and 22% in males and females, 36 and 
60–65% in Whites and most non-Whites, respectively, 
and higher in children (57%) and older adults (52%) 
than in young adults (32%) [47]. Similar differences in 
associations of EBV and HL by age, sex, and race/eth-
nicity emerged in more uniformly collected popula-
tion-based data from 1,032 US cases (Table 1.2) [49] 
and from 537 UK cases [50]. When compared to the 
graphs in Fig. 1.5, the estimated incidence rate curves 
for EBV-positive and EBV-negative HL in the UK 
(Fig.  1.6) also show the close resemblance between 
age-incidence curves for EBV-positive HL and mixed 
cellularity HL, and for EBV-negative HL and nodular 
sclerosis HL. Altogether, these descriptive differences 
in EBV-positive and EBV-negative HL are consistent 
with their being separate pathogenic entities.

Subsequent analytic research has supported the 
hypothesis that EBV-positive and EBV-negative HL 
have different pathologies. Studies to relate risk of 

Age group 
(years)

White Hispanic

Males Females Males Females

N % EBV-positive N % EBV-positive N % EBV-positive N % EBV-positive

0–14 10 50.0 11 9.1 20 70.0 9 88.9

15–34 137 25.6 189 13.2 55 38.2 47 12.8

35–54 88 19.3 84 9.5 23 47.8 28 39.3

55+ 34 49.3 26 38.2 20 85.0 17 76.5

Total 304 29.9 352 17.1 118 53.4 101 37.6

Table 1.2  Numbers of Hodgkin lymphoma (HL) cases and percentages with Epstein–Barr virus (EBV)-positive tumors by patient 
age group, race/ethnicity, and sex, California regions, 1988–1997 [49]
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EBV-positive HL to a history of IM, a strong EBV-
related risk factor for HL in early studies, produced 
mixed findings due, in part, to reliance on a self-
reported (and thus possibly inaccurate) history of IM 
[30, 51–56]. However, in prospective data linking sero-
logically confirmed IM with HL diagnoses from a pop-
ulation-based cancer registry, Hjalgrim et al. observed 
that IM was associated only with risk of EBV-positive 
HL (estimated RR = 4.0, 95% CI 3.4–4.5), with an esti-
mated median time from IM to HL of 4.1 years (95% 
CI 1.8–8.3) [34]. Chang et al. showed that the antibody 
response to EBV differed significantly between EBV-
positive and EBV-negative HL patients, with EBV-
positive patients more likely to be EBV carriers in 
general and to have more prevalent and elevated EBV 
antibody titers against both lytic and latent virus anti-
gens [57]. Together, these findings support an aberrant 
immune response to EBV and thus abnormal immu-
nity in patients with EBV-positive HL, relative to 
those with EBV-negative HL. Further, differences 
have been identified in other risk factors for EBV-
positive and EBV-negative HL, as shown for selected 
studies in Table 1.3. From the accumulated evidence, 
Jarrett suggested that HL represents four disease enti-
ties: one in children, which is EBV-associated; one in 
young adults with a history of late EBV infection  
and EBV-positive tumors; one in young adults, which  
is EBV-negative; and one in older persons, which is 
EBV-associated [58].

1.4 � Familial Aggregation  
and Heritability

Genetic predisposition to HL is supported by substantial 
evidence of family aggregation and, increasingly, associ-
ations with specific genes. Case studies have shown that 
families of HL probands can have affected first-, second-, 
and third-degree members with HL [59, 60]; other hema-
tologic malignancies [61–66] and solid tumors [67–70]; 
can share human leukocyte antigen (HLA) haplotypes 
[71]; and can be consanguineous [67, 72] – all consistent 
with an inherited predisposition to HL. HL risk was found 
to be nearly 100-times higher in identical than fraternal 
twins [73], indicating a substantially stronger effect of 
shared genes than shared environment. Case–control and 
cohort studies consistently have reported a threefold to 
sevenfold increased risk of HL in first-degree relatives of 
patients [66, 68, 72, 74–83] and familial associations with 
other hematopoietic malignancies [75, 84–86]. Data from 
linkages of population-based cancer and family record 
registries, which are the least vulnerable to bias in studies 
of family aggregation, have produced similar results [63, 
87]. They also have shown a higher risk for siblings than 
for parents of cases [63], a younger age at diagnosis for 
familial than nonfamilial cases [87–89] (although possi-
bly due to various biases [90]), and an elevated occur-
rence of other lymphomas (particularly diffuse large 
B-cell lymphoma [91]) and other malignancies [92], as 
well as some autoimmune diseases (e.g., multiple sclero-
sis [93, 94]). Genetic predisposition to HL also is sug-
gested by the consistent observations of higher rates in 
Jews and lower rates in Asians unexplained by differ-
ences in SES [12, 18, 24, 25, 30].

In affected families, analyses of candidate suscepti-
bility genes have implicated the HLA region of chro-
mosome 6 and polymorphisms of various cytokine 
genes, as reviewed below. The single published genome-
wide association scan to date found strong linkage con-
sistent with recessive inheritance on chromosome 4p, 
as well as on chromosomes 2, 4q, 7, 11, and 17 in 44 
high-risk families [95].

1.4.1 � Heterogeneity of Effect

Risk of familial HL and lymphoma related to HL has 
been reported to vary by age, sex, and degree of 
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familial relationship. In linked Swedish registry data, 
Goldin et al. found the risk of HL higher for families of 
probands vs. controls under 40 years (RR = 4.25, 95% 
CI 1.85–9.77) than those older than 40 years (RR = 2.56, 
95% CI 0.90–7.25) [63]. Other studies found higher 
risks of familial lymphoma for HL patients younger 
than 60 years at diagnosis [84] and for offspring diag-
nosed under age 50 years [96]. Studies also noted 
higher HL risk for male relatives of patients, particu-
larly brothers; for same-sex siblings; and for siblings 

compared with parents of cases [63, 78, 87, 97, 98]. 
Horwitz et al. proposed that the same-sex concordance 
of HL in families suggested a susceptibility gene in the 
pseudoautosomal regions of the sex chromosomes [99, 
100], but these patterns also are consistent with a role 
for shared environmental exposures in familial aggre-
gation of HL and other lymphomas. Anecdotal reports 
have identified multiplex families with EBV-positive 
HL [101]; however, tumors in familial cases do not 
appear consistently to be concordant for EBV [60].

aN = 95 EBV-positive HL cases, 303 EBV-negative HL cases (OR adjusted for age, sex, education level)
bAges 19–44: N = 24 EBV-positive HL cases, 187 EBV-negative HL cases; ages 45–79: N = 13 EBV-positive HL cases, 44 EBV-
negative HL cases (OR for EBV-positive HL vs. controls adjusted for age, race/ethnicity, Catholic religion, ever smoking, childhood 
household size, birth order, bedroom sharing at age 11, number of playmates at age 8; OR for EBV-negative HL vs. controls adjusted 
for age, race/ethnicity, Catholic religion, lactation, birthplace, living in a rented family home at age 8, childhood household size, 
birth order, bedroom sharing at age 11, number of playmates at age 8)
cAges 18–44: N = 85 EBV-positive HL cases, 253 EBV-negative HL cases; ages 45–74: N = 57 EBV-positive HL cases, 104 EBV-
negative HL cases (OR adjusted for age, gender, country, history of IM, maternal education)
dN = 95 EBV-positive HL cases, 303 EBV-negative HL cases (OR adjusted for age, sex, education level, smoking status, elevated 
VCA IgG and IgA, and EA IgA, and EBNA-1:EBNA-2£1.0)
eAges 18–74: N = 142 EBV-positive HL cases, 357 EBV-negative HL cases (OR adjusted for age, gender, country, number of younger 
and older siblings, history of IM, mother’s age at subject’s birth, maternal education, subject’s education, family history of hematopoi-
etic cancer)

Table 1.3  Risk factor patterns for Hodgkin lymphoma (HL) subclassified by tumor Epstein–Barr virus (EBV) status, selected studies

Risk factor Study Patient group Adjusted odds ratios (95% confidence intervals)

EBV-positive  
HL vs. controls

EBV-negative  
HL vs. controls

EBV-positive vs. 
EBV-negative HL

Social class measures
Lower vs. higher  
education

[57]a All adults 0.8 (0.6–1.0)

Single vs. shared  
bedroom, age 11

[53]b Young adult  
women

4.0 (1.1–14.4) 1.0 (0.7–1.6)

N of older siblings  
(trend per sibling)

[36]c Young adults 0.77 (0.56–1.05) 1.01 (0.83–1.22) 0.65 (0.45–0.95)

N of older siblings  
(trend per sibling)

Older adults 1.35 (1.06–1.70) 0.84 (0.68–1.03) 1.60 (1.12–2.29)

EBV infection
Elevated antibody  
to VCA

[57]a All adults 3.6 (1.4–8.7)

Anti-EBNA-1:  
Anti EBNA-2 £1.0

3.2 (1.1–9.0)

IM [36]d Young adults 3.96 (2.19–7.18) 1.36 (0.81–2.26) 2.68 (1.40–5.12)
Years since IM: 1–4 11.86 (3.10–45.3) 0.41 (0.04–3.75)

Smoking
³10 packs of  
cigarettes during life

[57]a All adults 1.8 (1.1–3.0)

Ever vs. never [157]e All adults 1.62 (1.08–2.43) 1.13 (0.86–1.49)
Current vs. never 2.36 (1.51–3.71) 1.43 (1.05–1.97)
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1.5 � Immune Function

A role for immune function in HL pathogenesis is 
anticipated, as HL is a B-cell malignancy character-
ized by immune dysregulation and, within the tumor, 
by a reactive inflammatory infiltrate and abnormal 
cytokine expression [2]. Indeed, the etiologic impor-
tance of immune function has been demonstrated 
directly by associations of HL risk with diseases 
involving immune dysregulation or inflammation, with 
serum cytokine profiles, and with polymorphisms of 
immune-function genes. In fact, the strongest risk fac-
tors reported for HL include HIV infection (which 
depletes T-helper cell populations), iatrogenic immu-
nosuppression posttransplantation, and autoimmune 
conditions, as described below.

1.5.1 � Immunodeficiency  
Disorders and HIV

Risk of HL is strongly increased in persons with primary 
immune deficiencies [102] and with acquired immune 
deficiency following HIV infection or bone marrow 
transplantation [103]. From large linkages of US popula-
tion-based AIDS and cancer registries, risk of HL in HIV-
infected populations was estimated at 11.5-fold (95% CI 
10.6–12.5) higher than in the general population, with 
greater risks for the mixed cellularity (RR = 18.3, 95% CI 
15.9–20.9) and lymphocytic depletion (RR = 35.3, 95% 
CI 24.7–48.8) histologic subtypes [104]. Compared to 
HIV-unrelated HL, HIV-HL is clinically more aggressive, 
portends poorer survival, and is almost uniformly EBV-
positive [105]. Among HIV-infected persons, risk of HL 
varies by the degree of immunodeficiency, with rates 
higher for those with CD4 cell counts of 150–199 cells/
µL than for those with fewer than 50 cells/µL [106]. This 
implies that risk of HL is greater with moderate than with 
severe immunodeficiency. Accordingly, HIV-HL rates 
have increased since the introduction of highly active 
antiretroviral therapies in 1996 [107], presumably because 
of related improvements in average CD4 counts. In one 
study of patients who had bone marrow transplantation, 
the incidence of HL was estimated at nearly 15-fold 
higher than expected (standardized incidence ratio = 14.8, 
95% CI 3.9–32.9) [108].

1.5.2 � Autoimmune Conditions

HL risk is increased in persons with autoimmune dis-
eases. Although such evidence is impacted by the often-
small sample sizes given the rarity of these conditions, 
and by the possibility of reverse causality [109], a large 
Scandinavian database linking disease registries showed 
that risk of HL (n = 9,314 cases compared with 37,069 
controls) was increased twofold for systematic autoim-
mune disease overall, with significantly elevated ORs 
ranging from 2 to 5 for rheumatoid arthritis, systemic 
lupus erythematosus, Sjögren’s syndrome, and sarcoi-
dosis [110]. In 1,155 HL cases over age 67 years at diag-
nosis from the Surveillance, Epidemiology and End 
Results (SEER)-Medicare data and controls from the 
Medicare files, HL risk was similarly elevated among 
those with a history of lupus, scleroderma, or rheuma-
toid arthritis [111]. The positive association between 
autoimmune disease and HL risk irrespective of age 
may be explained by a number of mechanisms. These 
include autoantigen-mediated chronic B-cell stimula-
tion, leading to the emergence of a malignant clone 
(perhaps further enabled by acquired resistance to apop-
tosis in autoimmune disorders) [112], immunosuppres-
sive treatment for autoimmune disorders, and shared 
environmental and/or genetic risk factors for both auto-
immunity and HL [109]. Evidence of immunologic dif-
ferences between EBV-positive and EBV-negative HL 
suggests that risk associations with autoimmune disor-
ders also may differ by tumor EBV status, but studies to 
date have not examined this possibility.

1.5.3 � Inflammation

Cytokines, which are produced by HRS cells and believed 
to act as autocrine growth factors and maintainers of the 
tumor inflammatory infiltrate [2], have been linked to 
HL risk through observations of elevated serum/plasma 
levels of interleukin (IL)-2 [113]; IL-6 [114–116], includ-
ing before treatment [114, 117]; IL-10 [118, 119]; IL-12 
[113]; CC chemokine ligand (CCL)117 and CCL22 
[120]; and inflammatory marker YKL-40 [114].

A role for chronic and perhaps, subclinical, inflam-
mation in HL etiology was suggested by reduced risks 
of HL with routine aspirin use (OR = 0.60, 95% CI 
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0.42–0.85) in a large US case–control study [121] and 
with >2 vs. £2 prescriptions of low-dose aspirin 
(OR = 0.7, 95% CI 0.5–1.2) in a prospective nested 
case–control study in linked Danish cancer registry and 
prescription databases [122]. Aspirin may exert a pro-
tective effect by triggering HL cell death through inhi-
bition of the transcription factor NF-kB [123, 124], 
which helps regulate the expression of immune, inflam-
matory, and apoptotic genes, and is constitutively acti-
vated in and required for survival by HRS cells 
[125–128]. Aspirin also may protect against HL through 
its irreversible binding to the active site of cyclooxyge-
nase (COX)-1 and -2 [129], potent mediators of inflam-
mation and tumor growth that are overexpressed in HL 
[130, 131].

1.5.4 � Immune Gene Polymorphisms

The highly polymorphic HLA system, which plays a 
role in infection control by encoding cell-surface mole-
cules that present antigenic peptides to T-cells [132], has 
been associated with HL risk for decades [59, 133–135]. 
Early research linked HLA serologic types A1, B5, B8, 
and B18 to HL risk [136]. In family studies, various HLA 
class II polymorphisms, including the DRB5-0101 allele, 
the haplotype DRB*1501-DQA1*0102-DQB1*0602, 
and a TAP1 allele, were associated with HL risk [134]. In 
population studies, HL risk has been related to various 
HLA genotypes, with considerable patient subgroup 
specificity as described in Sect. 1.5.5 below. While the 
findings regarding HLA generally suggest recessive 
inheritance and additional genetic and environmental 
factors [71, 133, 137, 138], it is unclear whether the 
identified associations involve true susceptibility alleles 
or reflect the strong linkage disequilibrium in the HLA 
region [139].

Among cytokine genes, several single nucleotide 
polymorphisms in IL6 have been associated with HL 
risk [140], including a promoter region polymorphism 
(rs1800795, 174G>C) in young adults [115]; other 
associations were detected with polymorphisms in 
IL1R1 (involved in activation of NF-kB) and IL4R 
(expressed on HRS cells) [140]. Cozen et  al. found 
IL12 +1,188A>C associated with elevated risk for HL 
in 90 case twins vs. 90 convenience controls (OR = 2.9, 
95% CI 1.1–7.30) [113]. Several common polymor-
phisms in IL10 have been linked to risk of HL [119], 

with the association of the −1,082 GG genotype pos-
sibly restricted to EBV-positive cases [141]; further, 
IL-10 plasma levels were elevated for individuals 
homozygous for IL10 promotor alleles −592 and 
−1,082 [119]. A single nucleotide polymorphism in 
NFKB1 was recently associated with increased risk of 
HL (rs1585215 GG vs. AA: OR = 3.5, 95%  
CI 2.2–5.7, P

trend
 = 1.7 × 10−8), as were NFKB1 haplo-

types (P
global

 = 6.0 × 10−21) [142].

1.5.5 � Heterogeneity of Effects

The impact of some aspects of immune function on 
risk of HL appears to be relatively unvaried across 
patient subgroups. The lack of variation in the associa-
tions of aspirin use and the related NFKB1 polymor-
phism with HL risk by age group, sex, and tumor EBV 
status suggests that inflammation represents an essen-
tial underlying component of HL pathogenesis [122, 
142]. For autoimmune disease, the associated risk of 
HL appeared stronger for the mixed cellularity subtype 
in a subset of Swedish HL patients (N = 9,314) for 
whom histologic subtype information was available 
[110]. Baecklund et al. found that the risk of HL with 
rheumatoid arthritis did not vary by tumor histologic 
subtype or EBV presence [143]. However, all of these 
analyses were limited by relatively low statistical 
power for stratified analyses, which may also explain 
the apparent lack of heterogeneity.

For associations of HL risk with HLA genotype, 
findings consistently have revealed heterogeneity. In 
race-specific analysis, risk was found to be increased 
for HLA class II DPB1*0301 in Whites [144–147] but 
decreased for DPB1*0201 [144] and for DPB1*0401 
in Asians using population-stratified controls [145]. 
DPB1*0301 associations were further restricted to 
nodular sclerosis HL in one study [148] and to EBV-
positive tumors in young adults in another [149]; the 
risk association with a TAP1 allele was limited to the 
nodular sclerosis subtype [134]. Evaluating the entire 
HLA region, Diepstra, Niens, and colleagues identified 
associations that were dependent on EBV tumor status: 
for EBV-positive HL, risk was significantly elevated 
with specific class I A microsatellite markers (D6S265, 
D6S510) [150] (ORs of 6.0, 95% CI 1.7–22.1, to 9.8, 
95% CI 2.7–34.9, for seven SNPs), whereas for EBV-
negative HL, it was associated with one class III marker 
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(D6S273) [151]. Subsequent work detected associa-
tions of HLA-A*01 with increased risk and HLA-A*02 
with decreased risk of EBV-positive HL, and signifi-
cantly lower prevalence of HLA-A*02 patients among 
152 EBV-positive patients (35.5%) than 322 EBV-
negative patients (50.9%) [152]. As HLA-A molecules 
present EBV peptides to T-cells, it is feasible that SNPs 
with low affinity for EBV and thus an inefficient 
immune response could be linked to risk of EBV-
positive HL [132, 151]. Observations linking risk of 
IM in young adults with various class I polymorphisms 
(including markers D6S510 and D6S265) strengthen 
support for a role for management of EBV infection in 
the etiology of EBV-positive HL [153].

1.6 � Selected Life-Style and 
Environmental Risk Factors

1.6.1 � Smoking

In a 2002 study of men, Briggs et al. reported a near-
doubling of HL risk with current cigarette smoking, 
with significant dose–response effects for intensity and 
duration of exposure, and risk highest for the mixed 
cellularity subtype (OR = 3.4, 95% CI 1.8–6.4) [154]. 
Subsequent case–control and cohort studies consis-
tently have found risks elevated for current smoking 
[52, 57, 155–162] and, in some studies, limited to the 
mixed cellularity subtype [154, 156]. Three studies 
also found the elevated risk restricted to EBV-positive 
tumors (which are often of mixed cellularity histology) 
[156, 157, 162]; Hjalgrim et al. reported a significant 
doubling of risk of EBV-positive HL irrespective of 
patient age or tumor histologic subtype but with the 
effect apparently stronger in males than females [157]. 
Tobacco smoke may impact HL pathogenesis through 
its associated immunosuppression [163], especially 
that permitting reactivation of latent EBV infection.

1.6.2 � Alcohol Consumption

Moderate alcohol consumption has been associated 
repeatedly with reduced risk of HL. Five case–control 
studies from various countries reported a significant 

halving of risk of HL for drinkers at most levels of 
total alcohol intake [22, 155, 160, 164, 165], while 
four others reported nonsignificantly protective or null 
associations [158, 162, 166, 167]. Few of these studies 
had sufficient numbers of cases to assess level of drink-
ing by relevant HL subtypes, although one study 
reported null associations for both EBV-positive and 
-negative disease [162]. However, because most of 
these studies used nondrinkers as reference groups, 
their findings may be biased by the well-reported phe-
nomenon of prediagnostic “alcohol-related pain” [168] 
that could have led to voluntary cessation of alcohol 
consumption. A prospective cohort study that was able 
to measure alcohol consumption prior to HL diagnosis 
reported protective (albeit statistically insignificant) 
effects of alcohol similar to those reported by case–
control studies [159]; however, this study used non-
drinkers as opposed to lifetime abstainers as a reference 
group. Alcohol could influence lymphomagenesis 
through its established immunologic effects [169].

1.6.3 � Ultraviolet Radiation Exposure

Increased exposure to ultraviolet radiation (UVR) may 
decrease risk of HL. A large, population-based case–
control study in Sweden and Denmark detected a con-
sistent inverse association, with significant inverse 
dose–response trends, between risk of HL and UVR 
exposure, as measured by sunbathing habits, sunburn 
history, sun vacations abroad, and solarium visits 
[170]. Grandin et al. found that having phenotypic fea-
tures that may be associated with reduced sun expo-
sure (i.e., fair complexion or a high propensity to 
sunburn) increased HL risk [171]. Likewise, a European 
case–control study reported that increasing skin sensi-
tivity to sun exposure was associated with elevated risk 
of HL [172]. However, the latter two studies did not 
find a significant association of HL risk with artificial 
sun lamp use [171, 172], frequency of outdoor activi-
ties [171], or non-working days during childhood or 
adulthood [172]. Nevertheless, the OR estimates of 
association with outdoor activities and non-working 
days were below 1.0, whereas the associations with 
school/work days were above 1.0, consistent with a 
protective effect of UVR exposure. The putative 
inverse association between UVR exposure and HL 
risk may be a consequence of activation of vitamin D 
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production by UVR [173]. Evidence supports a protec-
tive effect of vitamin D against HL development, 
including the fact that it promotes differentiation and 
inhibits proliferation of lymphoma cells in vitro [174] 
and maintains homeostasis of normal B cells [175].

1.6.4 � Body Size and Physical Activity

HL patients have been found to be significantly heavier 
at birth and heavier and taller as children than controls 
matched on age, sex, and social class [176]; some stud-
ies also noted HL patients were taller in adulthood [25, 
177, 178], but others did not [159, 179–181]. Adult 
height could be associated with HL risk because of bet-
ter nutrition [182, 183], which, like HL risk, is likely 
related to higher childhood socioeconomic status [184, 
185], common genetic determinants [95, 148, 150, 
182], or promotion of nascent HL tumors in taller per-
sons by higher circulating levels of insulin-like growth 
factors and other growth hormones [182, 186]. Obesity 
has been associated with a nearly two [180, 182] to 
threefold [181, 187] increased risk in men but not in 
women [181, 187–189], although one study found a 
nonsignificant association in both sexes [159]. The 
stronger relationship between obesity and HL risk in 
men may be a result of their greater tendency to vis-
ceral adiposity [181]. Larger birth weight and higher 
levels of body mass index were associated with 
increased HL risk in young-adult women but reduced 
risks in older women [178]. Larger body size could 
influence risk of HL by triggering higher levels of the 
cytokine IL-6 [115], insulin resistance, compensatory 
hyperinsulinemia, or increased production of growth 
factors, including estrogens [190].

1.6.5 � Parity

The change in gender patterns of HL incidence from 
female-dominated in young adulthood to male-domi-
nated in later adulthood suggests that reproductive 
events or their correlates might contribute to the declin-
ing risk of HL in women vis-à-vis men after their early 
20s [20, 191]. One registry-based study in Norway 
identified a significant inverse relationship between 
HL risk and parity in young-adult women, with an RR 

of 0.46 among women with 3+ births compared with 
nulliparous women [192]. Subsequent studies described 
a slight to moderate decrease in HL risk with higher 
parity, with some finding a more protective apparent 
effect in women of reproductive age [21, 193–196]. 
These data, and findings of lower HL risk with nurs-
ing, exogenous hormone use, and a history of endo-
metriosis [197], suggest an effect of steroid or other 
hormones on HL pathogenesis, possibly through influ-
ences on regulation of immune system development or 
function.

1.7 � Summary

The epidemiology of HL provides consistent evidence 
of a disease with complex pathogenesis, as illustrated 
by the distinctive patterns of its incidence rates and 
risk profiles by age, race/ethnicity, sex, economic level, 
and tumor characteristics. From MacMahon’s early 
observations, efforts to interpret and summarize these 
heterogeneous findings have resulted in models of 
multiple-disease etiologies, with the most recent 
hypothesis proposing four diseases based on integra-
tion of two primary determinants of heterogeneity – 
age and tumor EBV status [58]. However, efforts to 
further understand possible etiologic pathways have 
been hampered by two challenges. One is the relatively 
recent observation that some markers of childhood 
social class initially predictive of risk no longer are 
associated with HL [24, 30]. This change leaves few 
established risk factors for HL, especially for the larg-
est subgroup of patients, i.e., young adults with EBV-
negative HL [198]. Moreover, those factors shown to 
strongly impact risk (e.g., HIV infection) have low 
population prevalence, and few novel ones have been 
identified. Thus, epidemiologic research into the etiol-
ogy of HL currently is without strong leads, especially 
for EBV-negative young-adult disease.

The other challenge to advancing the epidemiology 
of HL, rooted in its heterogeneity, is the problem of 
conducting adequately powered studies in meaningful 
patient subgroups of this relatively uncommon disease. 
To date, research points to the importance for HL eti-
ology not only of age and tumor EBV status, but also 
of histologic subtype, genetic predisposition, and envi-
ronmental exposures. To be informative, therefore, 
epidemiologic studies must be large enough to examine 
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and disentangle the joint contributions of these factors 
to HL development.

The accumulated epidemiologic evidence points to 
HL as an uncommon outcome in susceptible individu-
als of immune dysfunction provoked by early and con-
current environmental exposures. Beyond this, 
however, our understanding of HL etiology remains 
poor. To meet the ultimate public health goal of dis-
ease prevention, epidemiologic research into HL must 
be focused in novel directions and involve study popu-
lations of substantial size in order to address its etio-
logic heterogeneity.
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Abbreviations

BART	 BamHI A rightward transcripts
cHL	 Classical Hodgkin lymphoma
EBER	 EBV-encoded small RNAs
EBNA	 EBV nuclear antigen
EBV	 Epstein–Barr virus
HHV	 Human herpesvirus
HL	 Hodgkin lymphoma
HLA	 Human leukocyte antigen
HRS	 Hodgkin and Reed–Sternberg
LMP	 Latent membrane protein
MCV	 Merkel cell polyomavirus
MV	 Measles virus
SNP	 Single nucleotide polymorphism
TTV	 Torque teno virus

2.1 � Introduction

Hodgkin lymphoma (HL) is a heterogeneous condi-
tion. Seminal papers published in 1957 and 1966 sug-
gested that HL in younger and older adults had different 
etiologies and further suggested an infectious etiology 
for young adult HL [1, 2]. Subsequent epidemiological 
studies provide broad support for these hypotheses [3, 
4]. Data linking young adult HL with a high standard 
of living in early childhood and lack of child−child 
contact suggest that delayed exposure to common 
childhood infections may be involved in the etiology 
of this group of cases [5, 6]. There is now compelling 
evidence that a proportion of cases of HL are associ-
ated with the Epstein–Barr virus (EBV). Paradoxically, 
older adult and childhood cases of HL are more likely 
to be EBV-associated than young adult cases [7–9].  
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In this chapter, I will review studies on viral involve-
ment in HL with a focus on classical HL (cHL), since 
nodular lymphocyte predominance HL is considered a 
separate disease entity. The association with EBV will 
be discussed with an emphasis on recent data and find-
ings that support a causal role for EBV in this malig-
nancy. Studies investigating involvement of other 
candidate viruses in this disease will be summarized.

2.2 � Hodgkin Lymphoma  
and Epstein–Barr Virus

EBV is a gamma-herpesvirus with a worldwide distri-
bution [10, 11]. Over 90% of healthy adults are infected 
by EBV and, following primary infection, the virus 
establishes a persistent infection with a reservoir in 
memory B-cells [12]. Although EBV is an extremely 
efficient transforming agent, the virus is kept under 
tight control by cell-mediated immune responses, and 
both primary and persistent infection are usually 
asymptomatic [11].

EBV infection can be lytic or latent. Lytic infection 
is associated with expression of a large number of 
viral genes, production of progeny virus and death of 
the infected cell; in contrast, latent infection is associ-
ated with expression of a small number of EBV genes, 
persistent infection and growth transformation [11]. 
In B-cells transformed by EBV in  vitro, six EBV 
nuclear antigens (EBNA-1, -2, -3a, -3b, -3c, and LP; 
also called EBNA-1−6) are expressed alongside three 
latent membrane proteins (LMP1, LMP2A, and 
LMP2B) [10]. In addition, noncoding viral RNAs are 
expressed in all latently infected cells [10]. These 
include two small nonpolyadenylated transcripts, the 
EBERs, and a large number of viral microRNAs 
derived from the BARTs (BamHI A rightward tran-
scripts) and the primary EBNA transcript [10, 13–16]. 
Expression of the full set of latent genes is known as 
latency type III and is associated with transformation 
of B-cells [10]. EBV gene expression in EBV-positive 
lymphomas occurring in the context of immunosup-
pression frequently follows this pattern; however, 
more restricted patterns of EBV gene expression are 
also observed [11]. The EBNA-3 family proteins are 
immunodominant and the other latent antigens elicit 
only subdominant or weak cell-mediated immune 
responses [17, 18]. The pattern of gene expression in 

EBV-associated malignancies most probably depends 
on both the lineage and stage of differentiation of the 
infected tumor cells and the host EBV-specific immune 
response.

In EBV-associated HL, the Hodgkin and Reed–
Sternberg (HRS) cells are infected by EBV and the 
infection is clonal, i.e., all the tumor cells are derived 
from a single infected cell [19–22]. The virus is pres-
ent in all the HRS cells and EBNA-1, LMP1, LMP2A, 
and 2B as well as the EBER RNAs and BARTs are 
expressed; the remaining EBNAs are downregulated 
[20, 22–25]. This pattern of gene expression is referred 
to as latency type II [11]. EBV infection of HRS cells 
can be readily demonstrated in sections of routinely 
fixed, paraffin-embedded material using either EBER 
in situ hybridization or LMP1 immunohistochemistry 
(Fig. 2.1). Reagents for both assays are commercially 
available.

2.2.1 � EBV and the Pathogenesis  
of Hodgkin Lymphoma

The molecular pathogenesis of HL and the origin of HRS 
cells are described in detail in the following chapter 3. 
Briefly, HRS cells have clonally rearranged immuno-
globulin genes with evidence of somatic hypermutation, 
indicating a derivation from B-cells that have partici-
pated in a germinal center reaction [26, 27]. A pathogno-
monic feature of these cells is the global suppression of 

Fig. 2.1  Epstein−Barr virus (EBV)-encoded small RNA (EBER) 
in situ hybridization staining of EBV-positive Hodgkin and 
Reed–Sternberg (HRS) cells. The characteristic staining pattern 
is observed in the nuclei of HRS cells
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B-cell signature genes and inappropriate expression of 
genes usually associated with other hemopoietic lineages 
[28, 29]. Importantly, HRS cells do not express B-cell 
receptors. Survival of germinal center B-cells normally 
requires signaling through both B-cell receptors and 
CD40; HRS cells must therefore have acquired a non-
physiological survival mechanism. Functional studies of 
EBV, and LMP1 and LMP2A, in particular, support a 
role for the virus in HRS cell survival.

In 2005, three independent groups published data 
showing that germinal center B-cells lacking B-cell recep-
tors could survive and be immortalized by EBV [30–32]. 
In elegant experiments, Mancao and Hammerschmidt 
[33] later showed that this survival function was depen-
dent on LMP2A expression. A series of in  vivo and 
in vitro studies from the Longnecker laboratory have fur-
ther defined LMP2A function [34–36], and shown that 
this viral protein can mimic an activated B-cell receptor 
and provide a survival signal to B-cell-receptor-negative 
B-cells [35]. LMP2A expression in B-cells also results in 
downregulation of B-cell specific genes and induction of 
genes associated with proliferation and inhibition of 
apoptosis, a gene expression profile similar to that seen 
in HL-derived cell lines [37]. Constitutive activation of 
Notch1 by LMP2A, and subsequent inhibition of E2A 
and downregulation of EBF, two transcription factors 
that regulate B-cell development, appear to be involved 
in both survival signaling and transcriptional regula-
tion [34]. Thus, LMP2A is likely to play a key role in 
both the survival and reprogramming of EBV-positive 
HRS cells.

Survival of germinal center B-cells requires signal-
ing through surface CD40 as well as B-cell receptors. 
LMP1 is an integral membrane protein that interacts 
with several signal transduction pathways to activate 
NF-kB, Jun N-terminal kinase (JNK), and p38 mito-
gen-activated protein [38–42]. In this way, LMP1 
mimics a constitutively active CD40 molecule, 
although providing a more potent and sustained signal 
[10, 11]. Activation of the NF-kB pathway, which is a 
feature of HRS cells, leads to upregulation of anti-
apoptotic genes, including c-FLIP and XIAP, which 
are likely to contribute to HRS cell survival [43–45].

The EBV genome is normally maintained as an epi-
some in infected cells, i.e., it does not integrate. The 
EBNA-1 protein is responsible for maintenance of the 
genome in an episomal form, and also for genome rep-
lication and partitioning during mitosis [10, 46]. 
EBNA-1 can also influence both viral and cellular gene 

expression and appears to confer a B-cell survival 
advantage, although the impact of EBNA-1 on onco-
genesis in vivo is controversial [10, 47–50]. Interestingly, 
in the context of HL, overexpression of EBNA-1 in vitro 
leads to the appearance of multinucleated cells [49]. 
The precise function of the EBER transcripts is also 
unclear but expression of these small RNAs appears 
important for efficient EBV-induced B-cell growth and 
transformation [10, 51].

The function of the BARTs, which are expressed by 
HRS cells, remained elusive for many years but recent 
data show that these complex transcripts contain two 
clusters of microRNAs [13–16, 23]. Expression of the 
BART microRNAs has been most studied in relation to 
nasopharyngeal carcinoma, an EBV-associated malig-
nancy that shares a similar pattern of EBV gene expres-
sion to cHL [13–16], and profiling of these transcripts 
in cHL has not been reported to date. Little informa-
tion about the targets of these potent gene regulators is 
currently available but they are likely to have an impor-
tant role in oncogenesis. In addition to encoding 
microRNAs, EBV regulates the expression of cellular 
microRNAs; EBV infection of primary B-cells leads 
to a conspicuous downregulation of many microRNAs 
with the notable exception of mIR-155, which is highly 
expressed by both EBV-positive and -negative HRS 
cells [52, 53].

2.2.2 � Risk Factors for EBV-Associated 
Hodgkin Lymphoma

It is clear that EBV is associated with only a propor-
tion of cHL cases, around one third in industrialized 
countries [7, 8, 54]. EBV-associated cHL cases are not 
randomly distributed among all cHL cases, and the 
demographic features and risk factors for development 
of EBV-positive and -negative HL show distinctive 
features [7, 8]. Children (<10 years) and older adults 
(50+ years) are more likely to be EBV-associated than 
young adult cases (15–34 years) [8, 9, 54]. Among 
EBV-associated cases, males predominate with a ratio 
of approximately 2:1 whereas males and females are 
more evenly represented among EBV-negative cases 
[7, 54]. In developing countries, where childhood HL 
is more common, a higher proportion of cases are 
EBV-associated [7, 8]. Material deprivation is associ-
ated with an increased proportion of EBV-positive 
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childhood cHL cases in industrialized countries, and 
there is some evidence that this also holds true for 
older adult cases [54, 55].

EBV infection usually occurs in childhood, and in 
many parts of the world there is almost universal infec-
tion by the age of 5 years. If infection is delayed until 
adolescence, as is increasingly occurring in industrial-
ized countries, primary EBV infection manifests as 
infectious mononucleosis in around 25% of individuals 
[56]. Infectious mononucleosis is associated with an 
increased risk of cHL, and this increase is focused in 
EBV-associated cases [57–60]. The increased risk 
appears short-lived with a median time interval between 
infectious mononucleosis and HL of approximately 3–4 
years [59, 60]. Thus, in both developing and developed 
countries there appears to be a period following primary 
EBV infection, probably lasting several years, in which 
risk of EBV-associated cHL is increased. On the basis 
of the above data, we have proposed an extension of 
MacMahon’s model of HL that divides cHL into four 
subgroups on the basis of EBV-association, age at diag-
nosis, and age at infection by EBV (Fig. 2.2) [2, 61].

Racial and ethnic differences in proportions of 
EBV-associated cHL suggest that genetic factors also 
contribute to risk of developing EBV-associated cHL 
[7, 62]. It is now apparent that there are strong asso-
ciations between human leukocyte antigen (HLA) 
class I genes and EBV-associated cHL. HL was, in 
fact, the first malignant disease to be associated with 
HLA class I, and early studies showed that HLA-A1 
was associated with increased susceptibility [63]. At 
this time the association between EBV and HL was 
not known and the increased risk associated with 
HLA-A1 was modest [63]. Recent genotyping studies 
investigating markers across the entire HLA region 
initially revealed that microsatellite markers and sin-
gle nucleotide polymorphisms (SNPs) in the HLA 
class I region were strongly associated with EBV-
positive cHL [64, 65]. The informative markers are in 
linkage disequilibrium with HLA-A*01 and HLA-
A*02, and it was subsequently demonstrated that 
HLA-A*01 is associated with an increased and HLA-
A*02 with a decreased risk of EBV-associated HL 
[66]. Risk is independently associated with HLA-
A*01 and HLA-A*02, i.e., the increased risk associ-
ated with HLA-A*01 is not simply due to lack of 
HLA-A*02, and is dependent on the copy number of 
each of these alleles [67]. As a result, there is an 
almost tenfold variation in odds of EBV-associated 
cHL between HLA-A*01 homozygotes and HLA-
A*02 homozygotes [67]. Cytotoxic T-cell responses, 
restricted through HLA class I, are critical for the 
control of EBV infection, and HLA-A*02 is known to 
present a wide range of peptides derived from EBV 
lytic and latent antigens, including those expressed by 
HRS cells [17, 18]. In contrast, there are no well-
characterized HLA-A*01-restricted EBV epitopes 
[68]. The described associations with HLA-A, there-
fore, seem biologically plausible. However, HLA-
A*01 is in strong linkage disequilibrium with 
HLA-B*08, which is associated with immunodomi-
nant EBV-specific cytotoxic T-cell responses; there-
fore, the biological basis of the increased risk 
associated with HLA-A*01 is not straightforward and 
requires further investigation. Further work is also 
necessary to determine whether the critical HLA-A-
restricted cell-mediated immune responses are 
directed towards EBV-infected HRS cells, or whether 
it is the control of persistent EBV infection, and the 
host−virus equilibrium, which is all important. Given 
the failure to expand and accumulate EBV-specific 
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Fig.  2.2  The four disease model of classical Hodgkin lym-
phoma (cHL). This model divides cHL into four subgroups on 
the basis of EBV-association, age at diagnosis, and age at EBV 
infection. Three groups of EBV-associated disease are recog-
nized: (1) a childhood disease, usually occurring below the age 
of 10 years, which is more common in developing countries;  
(2) a disease, most commonly seen in young adults, which occurs 
following infectious mononucleosis; (3) a disease associated 
with poor control of EBV infection, which is typified by the 
older adult cases but can occur at other ages, particularly in the 
context of immunosuppression. (4) Superimposed on these is a 
single group of EBV-negative cHL cases, which accounts for the 
young adult age-specific incidence peak seen in industrialized 
countries. The incidence of each of these four disease subgroups 
will determine the overall shape of the age-specific incidence 
curve in any particular geographical locale
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cytotoxic T-cells in cHL tumors, and the counterintui-
tive association between increased cytotoxic T-cells 
and inferior outcome, the latter possibility appears 
more likely [69–72].

As mentioned above, prior infectious mononucleo-
sis is associated with an increased risk of EBV-positive 
HL [57–60]. Propensity to develop infectious mono-
nucleosis has been associated with the same genotypic 
markers (microsatellites and SNPs) that were origi-
nally associated with EBV-positive HL, albeit with 
lesser statistical significance [73]. It therefore appeared 
possible that the association between infectious mono-
nucleosis and EBV-associated HL could result from 
shared genetic susceptibility rather than a temporal 
association. HLA class I typing of over 700 cHL cases, 
with available self-reported history of infectious mono-
nucleosis, revealed that prior infectious mononucleo-
sis was independently associated with EBV-associated 
HL after adjusting for the effects of HLA-A alleles 
[67]. In addition, a statistically significant interaction 
between prior infectious mononucleosis and HLA-
A*02 was detected; the effect of this was to abrogate 
the increased risk of EBV-associated HL following 
infectious mononucleosis in HLA-A*02-positive indi-
viduals [67]. These results suggest that infectious 
mononucleosis is associated with an increased risk of 
EBV-associated cHL and that this risk is modified by 
the EBV-specific cytotoxic T-cell response restricted 
through HLA-A*02.

These data are consistent with the idea that there is 
a window of time following primary EBV infection 
when there is an increased risk of EBV-associated 
HL. Genetic factors, specifically HLA-A genotype, 
can modify risk and this most probably reflects the 
strength and breadth of EBV-specific cytotoxic T-cell 
responses. EBV-associated cHL patients have higher 
numbers of EBV-infected cells than patients with 
EBV-negative disease [74], and infectious mononu-
cleosis patients have very high numbers of circulating 
EBV-infected B-cells, which decrease over time [75]. 
These findings suggest that the total number of EBV-
infected cells may be a critical determinant of risk of 
EBV-associated cHL. If this is indeed the case, then it 
would theoretically be possible to decrease the risk of 
EBV-positive cHL by EBV vaccination or by treat-
ment of infectious mononucleosis. EBV-associated 
cHL occurring in older adults most probably results 
from reactivation of viral infection; in this situation it 
is plausible that an age-related decline in immune 

function is associated with an increased number of 
EBV-infected B-cells.

2.2.3 � EBV and Hodgkin Lymphoma:  
A Causative Association?

In the absence of prevention of EBV infection, it is 
difficult to prove that the association between EBV 
and cHL is causal; however, consideration of the 
viral, molecular, and epidemiological data provides 
support for this idea. (1) In healthy individuals, EBV 
infects 1–50 per million B-cells [76]. EBV is consis-
tently associated with a significant proportion of 
cHL cases; therefore, it is unlikely that EBV is sim-
ply a passenger virus in an HRS cell that has arisen 
from an EBV-infected B-cell transformed by other 
mechanisms. (2) In EBV-associated cases, the viral 
infection is clonal and all HRS cells are infected. 
Although EBNA-1 facilitates both synchronous rep-
lication of the viral episome with cellular DNA and 
genome partitioning, this process is not 100% effi-
cient [46]. If the virus is not required for mainte-
nance of the transformed phenotype, one would 
expect to see a gradual loss of viral genomes from 
the tumor cells. (3) LMP1 and LMP2A have plausi-
ble biological function in the pathogenesis of cHL, 
as described above. (4) Crippling mutations of immu-
noglobulin genes have been described in a quarter of 
cHL cases but almost all of these cases have been 
EBV-positive [77]. This suggests that EBV is 
required to rescue HRS cells (or precursors) that 
have destructive mutations of their immunoglobulin 
genes. (5) Deleterious mutations of the TNFAIP3 
gene, a negative regulator of NF-kB, are much more 
frequent in HRS cells from EBV-negative compared 
to EBV-positive cases (see Chap. 3) [78]. Likewise, 
mutations of the gene encoding the NF-kB inhibitor, 
Ik-Ba, have been described only in EBV-negative 
cases [79–82]. This suggests that HRS cells in EBV-
negative cHL have developed alternative strategies 
to constitutively activate NF-kB. (6) EBV-associated 
cHL cases share risk factors for disease develop-
ment, which are distinct from those associated with 
EBV-negative cHL. (7) Development of EBV-
associated cHL is temporally related to primary EBV 
infection in some cases [59, 60].
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2.2.4 � EBV and the Clinicopathological 
Features of Hodgkin Lymphoma

Although differences in the molecular pathogenesis of 
EBV-associated and nonassociated cHL are emerging, 
the phenotypic expression of both processes appears 
remarkably similar. Mixed cellularity HL cases are sig-
nificantly more likely to be EBV-associated than nodu-
lar sclerosis HL cases [7, 8]. In most series, around 
60–70% of mixed cellularity HL cases are associated 
with EBV, compared to ~25% of nodular sclerosis HL 
cases [7, 8]. Despite these differences, it is clear that 
“barn door” nodular sclerosis HL cases can be EBV-
positive, and so the lack of a complete correlation 
between histological subtype and EBV status is not sim-
ply due to the criteria used in histological subtyping of 
cHL. In industrialized countries, nodular sclerosis is 
more common than mixed cellularity HL, and in our 
experience the majority (just) of EBV-positive cases are 
in fact nodular sclerosis HL and not mixed cellularity 
HL. Gene expression profiling has been successfully 
applied to the study of HRS cells [28, 29]. Although no 
systematic comparison of EBV-positive and -negative 
cases has been reported thus far, there is no evidence that 
expression profiles of the two groups of cases cluster 
differently (Ralf Kuppers, personal communication).

Early studies investigating clinical outcome in rela-
tion to EBV status in cHL appeared conflicting but a 
more consistent picture is now emerging [83–86]. Among 
young adult cases, aged 15–34 years, there appears to be 
no significant difference in overall survival by EBV sta-
tus. In contrast, EBV-positivity is associated with inferior 
outcome among older adult cases, aged 50 years or over. 
It is not clear whether this difference is related to the dis-
ease process itself or whether it is a reflection of the 
underlying co-morbidity or immune dysregulation that 
potentially predisposes to EBV-associated cHL. Further 
studies investigating this issue and alternative treatment 
options in EBV-positive older patients are required.

2.3 � Non-EBV-Associated  
Hodgkin Lymphoma Cases

As mentioned above, young adult cHL cases are the 
group of cases least likely to be associated with EBV and 
yet it is for these cases that there is most epidemiological 

evidence pointing to viral involvement. Early studies 
reported consistent associations between young adult 
HL and correlates of a high standard of living in early 
childhood [87]. Recent studies have generally not 
detected associations with the same social class vari-
ables and this probably relates to secular changes in 
living standards; however, one study observed an 
increased risk of young adult HL in individuals with 
£1 year of preschool attendance [5, 60]. Together, the 
data suggest that diminished social contact in early 
childhood is associated with an increased risk of this 
disease. From this it is inferred that young adult HL 
may be associated with delayed exposure to a common 
childhood infection. Interview and questionnaire data 
generally support the idea that young adult HL patients 
have experienced fewer common infections in child-
hood [57, 88].

It has frequently been suggested that EBV is 
involved in all cases of HL but uses a hit-and-run 
mechanism in “EBV-negative” cases. This possibility 
is very difficult to exclude but the available data indi-
cate that this mechanism cannot account for all cases 
in which EBV is not detected. Importantly, not all 
cases are EBV infected; in fact, we found that EBV-
negative cHL cases in the 15–24 year age group were 
more likely to be EBV-seronegative than age-matched 
controls [89]. In addition, there is no evidence for 
retention of fragments of integrated EBV genomes in 
“EBV-negative” HL biopsies [89, 90].

We therefore believe that another viral agent is 
involved in EBV-negative HL. This agent is likely to 
be a virus that infects many people early in life; there-
fore, candidate agents include herpesviruses and 
polyomaviruses. These are discussed in further detail 
below. The Anellovirus genus, which includes Torque 
teno virus (TTV) and related viruses, also fit these 
criteria. zur Hausen and de Villiers [91] have sug-
gested that TTVs and TTV-like viruses could play a 
role in the development of leukemias and lymphomas 
that are associated with a “protected childhood envi-
ronment.” In their model, it is postulated that TTVs 
and related anelloviruses increase the risk of chromo-
somal abnormalities and that anellovirus load is 
increased in individuals who have experienced fewer 
infections. TTVs have been detected in HL [92–94]; 
however, further knowledge of these extremely com-
mon and genomically diverse viruses is required 
before their potential involvement in HL can be 
evaluated.
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2.3.1 � Hodgkin Lymphoma and 
Herpesviruses Other than EBV

At present, there are eight known human herpesviruses 
(HHVs), including EBV (officially HHV-4). With the 
exception of herpes simplex virus 2 and HHV-8, all are 
widespread in distribution and most adults are infected. 
Like EBV, HHV-8 is a gamma-herpesvirus that is asso-
ciated with human lymphomas, but there is no evi-
dence that this virus is associated with cHL [95–97]. 
The a-herpesviruses, herpes simplex virus 1 and vari-
cella zoster virus, have also not been detected in HL 
biopsies [96]. In contrast, genomes of the b-herpesvi-
ruses, human cytomegalovirus, HHV-6, and HHV-7 
have been detected in HL tumors using sensitive 
molecular assays. Schmidt et al. [97] detected human 
cytomegalovirus genomes by PCR in 8/86 HL biop-
sies, although smaller case series failed to identify this 
virus in tumor samples [96, 98–100]. HHV-7 has been 
detected in 20–53% of HL biopsies by PCR [96–98]; 
however, using Southern blot analysis, which is much 
less sensitive than PCR but would still be expected to 
detect a virus present in all HRS cells, negative results 
have been obtained [101]. There is, therefore, no evi-
dence that HHV-7 is directly involved in HL 
pathogenesis.

HHV-6 deserves special mention because serologi-
cal studies have shown that HHV-6 antibody titers and, 
in some studies, seroprevalence are higher in HL cases 
than controls [102–104]. Furthermore, we found that 
young adults with non-EBV-associated HL had higher 
titers of HHV-6 antibodies than age-matched cases 
with EBV-associated disease (unpublished results). 
HHV-7 antibody titers were similar in the two groups 
of cases suggesting a specific association between 
HHV-6 and cHL. HHV-6 has been consistently detected 
in HL biopsies using PCR, with detection rates varying 
from 12.5 to 79% [96–98, 105–107]; however, studies 
of reactive lymph nodes have reported similar detec-
tion frequencies [98, 107]. There is no evidence from 
in situ hybridization and immunohistochemical studies 
that the virus is localized to HRS cells [107–109], and 
Southern blot studies have largely been negative fol-
lowing exclusion of cases with integrated HHV-6 [95, 
104, 107, 110]. Current data do not, therefore, favor a 
direct role for HHV-6 in disease pathogenesis. It 
remains possible that HHV-6 is a marker for another 
virus that is associated with HL. The ability of HHV-6 
to integrate into chromosomal DNA also suggests 

novel mechanisms in which this virus could interact 
with the host genome and contribute to oncogenesis 
[110, 111].

In order to search for novel members of the herpesvi-
rus family, we and others have designed degenerate 
PCR assays that amplify herpesvirus polymerase and 
glycoprotein B gene sequences [96, 112]. The primer 
sequences in degenerate assays are derived from well-
conserved peptide motifs in amino acid sequences of 
proteins; therefore, these assays should have the ability 
to detect genomes from known and currently unknown 
viruses [113]. Using herpesvirus polymerase assays we 
did not detect novel herpesviruses in HL tumors although 
the assays had sufficient sensitivity to detect EBV in 
EBV-associated cases, and to pick up HHV-6 and HHV-7 
sequences in a significant minority of cases [96].

2.3.2 � Polyomaviruses and  
Hodgkin Lymphoma

There are currently five known human polyomavi-
ruses, namely JCV, BKV, KIV, WUV, and Merkel cell 
polyomavirus (MCV or MCPyV) [114–116]. JCV and 
BKV were discovered almost 40 years ago but the lat-
ter viruses have all been discovered since 2007 with 
the advent of modern molecular techniques for virus 
discovery. Recent seroprevalence studies suggest that 
the majority of adults are infected by BKV, KIV, WUV, 
and MCV and a significant minority (35–39%) are 
infected by JCV [117–119]. Infection generally occurs 
in early childhood, with infection by JCV occurring 
slightly later than infection with the other viruses 
[117]. MCV is detectable in around 80% of Merkel 
cell carcinomas and is the only human polyomavirus 
to be unambiguously associated with a specific malig-
nancy [115, 120]; however, other polyomaviruses 
clearly have oncogenic potential.

Using sensitive quantitative PCR assays, we found 
no evidence of JCV or BKV genomes in 35 cHL biop-
sies [121]. Hernandez-Losa et al. [98] detected JCV in 
1/20 and BKV in 2/20 cHL samples using a multiplex, 
nested PCR. Similarly, Shuda et  al. [122] detected 
MCV in only 1/30 HL samples examined by quantita-
tive PCR. To date, there have been no reports on KIV 
or WUV prevalence in adult cHL samples. Degenerate 
PCR assays based on conserved sequences in the  
T antigen and structural proteins of polyomaviruses 
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have been applied to the study of HL [121, 123]. Volter 
et al. [123] examined five cases of HL using a degener-
ate PCR assay based on the viral VP1 protein but did 
not detect any evidence of polyomavirus infection. We 
examined 35 cases of cHL, including 23 EBV-negative 
cases, using three degenerate polyomavirus assays 
based on the large T antigen and, similarly, obtained 
negative results [121]. The latter assays were designed 
before the discovery of KIV, WUV, and MCV; sequence 
alignment suggests that the assays would be able to 
detect KIV and WUV but not MCV. Overall, these 
results provide no evidence for polyomavirus involve-
ment in the pathogenesis of cHL but it remains possible 
that an unknown polyomavirus has escaped detection 
using the available assays.

2.3.3 � Measles Virus and  
Hodgkin Lymphoma

In 2003, Benharroch et  al. reported an association 
between measles virus (MV) and cHL [124]. They 
subsequently reported that MV proteins were detect-
able by immunohistochemistry, using at least two anti-
bodies, in HRS cells from the majority of HL cases 
[125]. MV RNA was also detected by RT-PCR and in 
situ hybridization in a significant minority of the cases 
examined [125]. Subsequent studies have failed to 
confirm these associations [126, 127]. Our group found 
no evidence of MV in 97 cHL cases examined by 
immunohistochemistry and 20 cHL cases investigated 
using RT-PCR [127]. Similarly, Maggio et al. found no 
evidence of MV genomes or transcripts in HRS cells 
microdissected from biopsies from 18 German and 17 
Israeli HL cases [126]; the latter cases had previously 
scored positive for MV antigens [125]. Epidemiological 
studies have also failed to show that MV infection is a 
risk factor for development of cHL; on the contrary, 
the data suggest a mild protective effect of prior MV 
infection [57, 88].

2.4 � Conclusions

While the evidence suggesting a causal relationship 
between EBV and a proportion of cHL cases appears 
strong, current data do not show a consistent and 

specific association between any virus and EBV-
negative HL. This does not exclude viral involvement. 
HL is a notoriously difficult disease to investigate, 
and virus discovery studies present particular chal-
lenges. The difficulty of obtaining large numbers of 
highly enriched HRS cells has precluded the use of 
certain techniques, such as representational differ-
ence analysis, in the analysis of HL [113]. Next gen-
eration sequencing methods have opened new avenues 
for virus discovery and have led to the identification 
of several novel viruses in the last few years [115, 
116, 128]. Digital transcriptome subtraction [115], 
the technique used in the discovery of MCV, is now 
being applied to the study of HL. It is likely that, in 
the not too far distant future, complete sequencing of 
HRS cell DNA will also be performed. These tech-
niques provide our best hope of discovering a new 
virus in EBV-negative HRS cells. It is possible that 
cellular mutations substitute for the functions of EBV 
genes in EBV-negative HRS cells. Deleterious muta-
tions of inhibitors of the NF-kB pathway, including 
genes encoding A20 and IkBa, appear to be present 
in the HRS cells of many cases of EBV-negative HL 
(see Chap. 5) [78–82], and it is possible that these 
mutations substitute for LMP1. However, there is no 
obvious link between these mutations and the epide-
miological features of cHL and involvement of 
another virus still appears attractive. Identification of 
a virus in EBV-negative cHL would open up possi-
bilities for disease prevention as well as novel thera-
peutic targets, and so it is important to resolve 
whether, or not, such an agent exists. Exciting times 
are ahead.
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3.1 � Subclassification and Pathology

The history of Hodgkin lymphoma (HL) dates back to 
the first half of the nineteenth century (see Chap. 1), and 
it has also been an established view for quite some time 
that HL comprises two different disease entities, namely 
classical Hodgkin lymphoma (cHL) and nodular lym-
phocyte predominant Hodgkin lymphoma (LPHL) [1]. 
Both entities have in common that the neoplastic cell 
population, which can be mononucleated or multinucle-
ated, makes up only a small percentage of all cells pres-
ent in an affected lymph node. However, morphological, 
clinical, epidemiologic, and molecular evidence strongly 
support the belief that the pathogenesis of these lym-
phomas is distinct enough to be considered separate 
entities. From a diagnostic point of view, morphological 
details and immunohistochemistry for a selected set of 
markers almost always allow for a proper classification 
of a given lymphoma into the group of LPHL or cHL, 
the latter of which can be further subdivided into nodu-
lar sclerosis cHL (NSCHL), mixed cellularity cHL 
(MCCHL), lymphocyte-depleted cHL (LDCHL), and 
lymphocyte-rich cHL (LRCHL) [1]. The following sec-
tions summarize the key morphological aspects and 
important immunohistochemical features of HL. For 
clinical and epidemiologic parameters, please refer to 
the respective other chapters of this book.

3.1.1 � Nodular Lymphocyte Predominant 
Hodgkin Lymphoma

Although the morphology of the tumor cell population 
of LPHL can occasionally mimic Hodgkin and Reed–
Sternberg (HRS) cells of cHL, in most instances the 
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tumor cells in LPHL, which are termed lymphocyte 
predominant (LP) cells according to the new WHO 
classification (previously called L&H cells, for lympho-
cytic and/or histiocytic Reed–Sternberg (RS) cell vari-
ants), carry one large nucleus that is often multilobated 
(“popcorn cell”) (Fig. 3.1a). In contrast to classic HRS 
cells, the number of nucleoli is increased, but they are 
usually less prominent and less eosinophilic. LP cells 
are found in a nodular or follicular background that is 
dominated by small B lymphocytes that usually express 
IgD, but a more diffuse growth pattern can also be 
encountered, especially during progression. The follicu-
lar infiltration pattern is highlighted by the presence of 
CD21-positive follicular dendritic cells that tend to form 
a well-developed meshwork in the nodules. 
Immunohistochemically, LP cells demonstrate a com-
plete B cell phenotype with expression of CD20, CD75, 
and, frequently, CD79a (Fig. 3.1b; Table 3.1). Moreover, 
the essential B cell transcription factors BOB.1 and 
OCT-2 are usually positive, and the expression of BCL6 
and activation-induced cytidine deaminase (AID) is well 
in line with a germinal center (GC) derivation of the 
tumor cells, although CD10 is generally negative [1–3]. 
The negativity of the tumor cells for CD30, CD15, and 
Epstein−Barr virus (EBV) helps to distinguish LP cells 
from HRS cells in cHL, although occasionally a weak 
positivity for CD30 can be present in LP cells (Table 3.1). 
Whereas in initial lesions small B cells dominate the 
background, histiocytes and T cells may become more 
prominent during the evolution of LPHL, to an extent 

that LPHL may be hardly distinguishable from T cell/
histiocyte-rich large B cell lymphoma (THRLBCL).  
A prominent feature of LPHL, however, is the often 
impressive rosetting of LP cells by T cells that belong to 
the subset of follicular T helper cells and therefore 
express CD57 and PD-1 [4–6].

3.1.2 � Classical Hodgkin Lymphoma:  
The HRS Cells

The characteristic tumor cell of cHL, the RS cell, is 
large and contains at least two nuclear lobes or nuclei, 
usually with a prominent nuclear membrane (Fig. 3.2a). 
In contrast to LP cells in LPHL, the nucleoli of RS 
cells are often eosinophilic. The mononuclear variant of 
RS cells is termed the Hodgkin cell. However, the mor-
phological spectrum of the tumor cell population in 
cHL can be broad and includes variants such as lacunar 
cells and mummified cells. In general, the tumor cells in 
cHL are called Hodgkin and Reed/Sternberg cells. 
Immunohistochemically, the HRS cells stain positive 
for CD30 (Fig. 3.2c), and CD15 is coexpressed in the 
majority of cases, occasionally with prominent staining 
of the Golgi area of the tumor cell. However, CD15 is 
negative in a significant proportion of cHL (20–25%) 
and therefore not required to establish the diagnosis of 
cHL [1]. CD45 is usually negative, as are the B cell 
transcription factors BOB.1 and OCT-2. In the vast 

a b

Fig. 3.1  Nodular lymphocyte-predominant Hodgkin lymphoma 
(LPHL). (a) HE-stained lymph node infiltrate showing multiple 
characteristic, multilobated tumor cells – termed lymphocyte 
predominant (LP) cells – in a background of small lymphocytes 
and histiocytes (×400). (b) Strong CD20 expression in LP cells, 

but also in reactive, small B cells in the background (×400). 
Note that some of the tumor cells show rosetting by a CD20-
negative lymphocyte population. These cells are T cells that 
often express the follicular T-helper cell marker PD-1
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majority of cases, the derivation of the tumor cells from 
the B cell lineage is indicated by a nuclear positivity for 
the B cell specific activator protein PAX5/BSAP, but the 
staining is usually weaker compared to the staining 
intensity in the small reactive B cell population in the 
background of the infiltrate [7]. CD20 expression can 
be observed in HRS cells in 30–40% of cases, but the 
expression is frequently restricted to a subset of the 
tumor cell population, and even within one HRS cell it 
is of varying intensity in different parts of the cell mem-
brane. In comparison to CD20 expression, CD79a 
expression is observed less frequently [8, 9]. An EBV 

association, either demonstrated by immunohistochem-
ical staining for LMP1 (latent membrane protein 1; 
Fig. 3.2d) or by EBER in situ hybridization, is found in 
a significant proportion of cHL, but the frequency var-
ies considerably between different histological subtypes 
and across geographical areas [1]. Whether cHL cases 
exist with a bona fide derivation from the T cell lineage 
is currently a matter of debate. Single cases have been 
reported, in which a T cell receptor rearrangement could 
be proven in the HRS cells [10, 11], but others argue 
that such cases might represent only mimics of cHL 
which are not to be included in a disease entity that – 
based on fundamental principles of current lymphoma 
classification schemes – is of B cell derivation [12]. 
HRS cells reside in a cellular background that varies 
among the different histological subtypes of cH,L which 
will be discussed in the following sections.

3.1.2.1 � Nodular Sclerosis Classical  
Hodgkin Lymphoma

In NSCHL, affected lymph nodes frequently show a 
markedly thickened capsule and a nodular infiltrate 
whereby individual nodules are surrounded by broad 
collagen bands (Fig. 3.2b). HRS cells are present in a 
background of small lymphocytes and other non-neo-
plastic cells such as histiocytes and eosinophils. The 
number of HRS cells can vary significantly between 
NSCHL cases and also within a single infiltrated lymph 
node. Occasionally, HRS cells can form sheets that can 
be associated with necrosis and an intense fibrohistio-
cytic reaction. Morphologically, HRS cells in NSCHL 
often show a retraction artifact of the cytoplasmic mem-
brane that appears to be a consequence of formalin fixa-
tion, which has led to the term “lacunar cell variant” of 
HRS cells. The immunohistochemical phenotype of HRS 
cells in NSCHL as described above is the classic pheno-
type, however, association with EBV is less common as 
compared to other cHL subtypes, especially MCCHL.

3.1.2.2 � Mixed Cellularity Classical  
Hodgkin Lymphoma

HRS cells in MCCHL usually have a classic morpho-
logical appearance and are scattered in a background that 
can contain small lymphocytes, eosinophils, neutrophils, 
plasma cells, and histiocytes. The infiltration pattern can 

Feature HRS cells LP cells

Phenotype
  CD30 expression Yes Rare
  CD15 expression Yes (~70%)a No
  B cell receptor  

expression
No Yes

 � Loss of most  
B cell markers

Yes Modest

 � Expression of germinal 
center (GC) B cell 
markers (e.g., BCL6, 
activation-induced 
cytidine deaminase 
(AID))

Rarely Yes

 � Expression of markers  
for non-B cells  
(e.g., CD3, granzyme  
B, CCL17)

Frequently No

Putative cell  
of origin

Defective, 
pre-apoptotic 
germinal 
center B cell

Germinal  
center B cell

EBV positivity Yes (~40%) No

Signaling pathways
  NF-kB activation Yes Yes
 � JAK/STAT activation Yes Yes
 � Aberrant expression  

of multiple RTKs
Yes 
(60–100%)

Yes (~40%)

Genetic lesions
 � NFKBIA mutations Yes (10–20%) No
  NFKBIE mutations Yes (~10%) n.a.
 � TNFAIP3 mutations Yes (~40%) No
 � REL gains/amplifications Yes (~50%) No
 � BCL6 translocations Rare Yes (~50%)
 � JAK2 gains/amplification Yes (~30%) No
  SOCS1 mutations Yes (~40%) Yes (~50%)

Table 3.1  Genetic and phenotypic features of HRS and LP cells

n.a. not analyzed; RTK receptor tyrosine kinase
aNumbers in brackets refer to the percentage of positive cases
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be diffuse or vaguely nodular; sometimes, the lymph 
node architecture and especially some B cell areas are 
partially preserved leading to an interfollicular infiltra-
tion pattern. The characteristic features of other histo-
logic cHL subtypes (e.g., the formation of nodular 
collagen bands) are absent and, thus, MCCHL is some-
times considered as the “wastebasket” of cHL. The EBV 
association of HRS cells is the highest among all cHL 
subtypes and can reach 75% [1].

3.1.2.3 � Lymphocyte-Depleted Classical  
Hodgkin Lymphoma

LDCHL is the rarest histological subtype of cHL (<1% 
of cases) and probably the most problematic one to 
define. It is characterized by an increased number of 

HRS cells present in the infiltrate and/or depletion of 
small lymphocytes in the non-neoplastic background 
population. In some cases, HRS cells are of anaplastic 
appearance and in other cases, the background is com-
posed of extensive diffuse fibrosis. However, if the pat-
tern of fibrosis is nodular and therefore characteristic 
of NSCHL, a given case should be classified as NSCHL, 
regardless of whether there is a high number of HRS 
cells. Since the definition of LDCHL has changed over 
the past decades, some of the established clinical and 
biological features appear outdated in the context of 
the current definition. Moreover, with the increase in 
knowledge and the development of additional immu-
nohistochemical markers, some of the cHL cases that 
were previously assigned to the LDCHL category 
would nowadays be included into borderline catego-
ries or even different entities [1].

a

c

b

d

Fig. 3.2  Classical Hodgkin lymphoma (cHL). (a) Characteristic 
Hodgkin and Reed–Sternberg (HRS) cells in a mixed back-
ground of small lymphocytes, histiocytes, and eosinophils in a 
mixed cellularity cHL (MCCHL) (HE, ×400). (b) Nodular scle-
rosis subtype of cHL that demonstrates thick collagen bands  

surrounding the nodular infiltrates (PAS, ×20). (c) CD30 expres-
sion in HRS cells (×400). (d) Immunohistochemical staining for 
latent membrane protein 1 (LMP1) shows Epstein−Barr virus 
(EBV) association of HRS cells (×400)
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3.1.2.4 � Lymphocyte-Rich Classical  
Hodgkin Lymphoma

In LRCHL, the HRS cells are present in a lymphocyte-
rich background that can be nodular or, rarely, diffuse. 
Often, B cell follicles are partially preserved with rec-
ognizable GC, and HRS cells can be found in expanded 
mantle and marginal zones thus providing a B cell rich 
background. HRS cells in LRCHL may resemble LP 
cells in LPHL morphologically to such an extent that 
they are indistinguishable from each other without 
additional immunohistochemical characterization. It is 
of significance that eosinophils and neutrophils should 
be absent from the nodular infiltrates and may only be 
found in low numbers in interfollicular zones and close 
to vascular structures. The immunophenotype of the 
HRS cells is classic, and an EBV association is occa-
sionally observed, though at a lower frequency com-
pared to MCCHL [1].

3.2 � Differential Diagnosis

In most instances, the diagnosis of LPHL and cHL is 
unambiguous on the basis of morphological, clinical, and, 
especially, immunohistochemical features (Table  3.1). 
However, a gray area between cHL and diffuse large B 
cell lymphoma (DLBCL), specifically with primary 
mediastinal large B cell lymphoma (PMBL), has long 
been known, and the most recent WHO classification 
introduced the category of “B cell lymphoma, unclas-
sifiable, with features intermediate between DLBCL 
and classical Hodgkin lymphoma” [1]. It is important 
to note that lymphomas falling into this category are 
not considered a separate disease entity; rather, it was 
felt that lymphomas in which there is a discordance 
between morphological aspects of the infiltrate and the 
expected immunophenotype should be labeled as 
“intermediate” to allow a more precise definition of 
biological and clinical features of these lymphomas in 
the future. Frequently, these borderline lymphomas 
present with large mediastinal masses. Morphologically, 
they consist of large, pleomorphic B cells that grow in 
a sheet-like pattern in a background of a fibrotic 
stroma. A subset of the tumor cells may resemble 
HRS cells, specifically the lacunar variant, and parts 
of the infiltrate may correspond to the growth pattern 
of cHL, particularly the nodular sclerosis subtype. 
Immunophenotypically, there is often a preserved 

expression program of cHL including expression of 
CD30 and CD15, while markers of the B cell lineage 
that are often downregulated in cHL, such as CD20 
and CD79a, are equally expressed in the tumor cells 
[1]. It is important to note that these gray zone lym-
phomas appear to be more common in male patients, 
in contrast to NSCHL and PMBL that are more fre-
quent in females [13]. Clinically, these tumors may 
behave more aggressively than NSCHL and PMBL; it 
has to be determined in the future whether treatment 
regimens for aggressive B cell lymphomas or for cHL 
are more beneficial.

The differential diagnosis between cHL and Alk-
negative anaplastic large cell lymphoma (ALCL) of  
T cell lineage can usually be resolved using an appro-
priate panel of immunohistochemical markers includ-
ing T cell, cytotoxic, and other markers. Problems 
arise when morphological features favor cHL, but 
tumor cells lack PAX5/BSAP expression while cyto-
toxic markers are expressed. As discussed above, it is 
a matter of current debate whether such cases should 
be grouped into the cHL category or diagnosed as 
ALCL. Remarkably, a recent global gene expression 
study revealed surprisingly few consistent differences 
in the gene expression of HRS cells and Alk-negative 
ALCL cells [14].

Finally, EBV-associated lymphoproliferations, e.g., 
in the context of a coexisting T cell non-HL as well as 
EBV-associated DLBCL of the elderly, a subgroup of 
DLBCL introduced in the new WHO classification [1], 
can harbor HRS or HRS-like cells and therefore mimic 
cHL [15]. Besides other morphological and immuno-
histochemical features and information on the clinical 
setting, the pattern of EBV infection, determined by 
LMP1 staining or EBER in situ hybridization, might 
help to distinguish between these tumors.

3.3 � Histogenesis of HRS and LP Cells

3.3.1 � Cellular Origin of HRS and LP Cells

The unusual immunophenotype of HRS cells, which 
does not resemble any normal hematopoietic cell, has 
hampered the identification of the cellular origin of 
these cells considerably. Moreover, only few cell lines 
were available for detailed genetic studies, and the rar-
ity of the HRS cells in the tissue posed a problem for 
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their molecular analysis. Finally, by microdissection of 
HRS cells from tissue sections and single-cell poly-
merase chain reaction analysis of these cells, it was 
clarified that HRS cells derive from B cells in nearly all 
cases [16, 17]. This is because rearranged immuno-
globulin (Ig) heavy (IgH) and light (IgL) chain gene 
rearrangements were detected in these cells. The detec-
tion of identical IgV gene rearrangements in the HRS 
cells of a given HL case also established the monoclo-
nal nature of these cells, a hallmark of malignant can-
cer cells. With a few exceptions, somatic mutations 
were detected in the rearranged V genes of HRS cells 
[16–19]. As the process of somatic hypermutation, 
which generates such mutations, is specifically active 
in antigen-activated mature B cells proliferating in the 
GC microenvironment in the course of T-dependent 
immune responses [20], the presence of mutated IgV 
genes in the HRS cells established their derivation from 
GC-experienced B cells. A surprising finding was that 
about 25% of cases of cHL showed destructive IgV 
gene mutations, such as nonsense mutations or dele-
tions causing frameshifts that rendered originally func-
tional V region genes non-functional [16]. When such 
mutations happen in normal GC B cells, these cells 
quickly undergo apoptosis. On this basis, it was pro-
posed that HRS cells in these cases derive from pre-
apoptotic GC B cells that were rescued from apoptosis 
because they harbored or acquired some transforming 
events [16, 21]. It is important to note that crippling 
mutations, such as those generating premature stop 
codons, represent only a small fraction of disadvanta-
geous IgV gene mutations that cause apoptotic death of 
GC B cells, and it is therefore likely that also most or 
even all other cases of cHL are derived from pre- 
apoptotic GC B cells. Even a few HL with unmutated 
IgV genes may derive from these precursors, because 
GC founder cells proliferating in GC become prone to 
apoptosis before the onset of somatic hypermutation 
activity [22]. The GC B cell origin of HRS cells was 
further supported by the molecular analysis of compos-
ite lymphomas, composed of a cHL and a B cell non-
HL. Such cases are often clonally related and show an 
intriguing pattern of shared as well as distinct somatic 
V gene mutations [23–25]. This pattern supports the 
assumption that both lymphomas were derived from 
distinct members of a proliferating GC B cell clone.

A few cases of cHL appear to originate from T cells, 
because T cell receptor gene rearrangements were 
detected in some cases diagnosed as HL and expressing 

some typical T cell molecules [10, 11]. However, it is 
debated whether these are true HL (see above). 
Remarkably, among HL cases with expression of one 
or more T cell markers, the majority nevertheless 
derives from B cells [10, 11].

The expression of multiple B cell markers by LP cells 
of LPHL already indicated a B cell derivation of these 
cells. Moreover, LP cells express several markers typi-
cally expressed by GC B cells, such as BCL6, AID, cen-
terin, and hGAL, and the cells grow in a follicular pattern 
in close association with typical constituents of normal 
GC, i.e., follicular dendritic cells and GC-type T helper 
cells [2–5, 26, 27]. This pointed to a close relationship 
between LP cells and GC B cells. This is indeed sup-
ported by the detection of clonally related and somati-
cally mutated IgV genes in these cells [17, 28–30]. As 
opposed to cHL, the V genes are selected for function-
ality and a fraction of cases shows ongoing somatic 
hypermutation during clonal expansion, a hallmark of 
GC B cells [17, 28, 29]. Thus, these findings altogether 
indicate a GC B cell origin of LP cells. A recent large-
scale gene expression profiling of isolated LP cells in 
comparison to the main subsets of mature B cells has led 
to a further specification of the derivation of LP cells by 
showing that the gene expression pattern of LP cells 
resembles that of GC B cells that have already acquired 
some features of post-GC memory B cells [31].

3.3.2 � Relationship of Hodgkin Cells  
and Reed–Sternberg Cells and 
Putative HRS Cell Precursors

The relationship of the mononucleated Hodgkin cells 
to the multinuclear RS cells and the potential exis-
tence of HRS precursor cells has been a matter of 
debate. Based on the “mixed” phenotype of HRS cells 
and many numerical chromosomal aberrations in 
these cells, it has been speculated that HRS cells as 
such or, specifically, the RS cells may derive from cell 
fusions. However, a detailed study of antigen receptor 
loci revealed that HRS cells do not carry more than 
two different alleles of these loci, which strongly sup-
ports the assumption that these cells do not derive 
from cell fusions [32]. Several studies of HL cell lines 
showed that the mononuclear Hodgkin cells give  
rise to the RS cells, and that the latter have little pro-
liferative activity [33, 34]. This presumably happens 
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through endomitosis, i.e., nuclear division without 
cell division.

Another debated issue relates to the question whether 
the CD30+ typical HRS cells represent the entire tumor 
clone in HL, or whether members of the HRS cell clones 
exist among small CD30− cells. An initial study for 
numerical chromosomal abnormalities indeed sug-
gested that such CD30− clone members might exist [35]. 
However, trisomies of chromosomes as studied in that 
work are not a stringent clonal marker. Moreover, a 
molecular analysis of EBV-positive HL cases for mem-
bers of the malignant clones among small, CD30− EBV+ 
B cells in the HL lymph nodes suggested that the small 
EBV+ B cells rarely, if at all, belong to the HRS cell 
clones [36]. Recently, two HL cell lines were reported 
to contain small subpopulations of CD20+CD30−Ig+  
B cells coexpressing the stem cell marker aldehyde 
dehydrogenase (ALDH) [37]. These cells had clono-
genic potential and gave rise to the typical HRS cells of 
these lines. It is important to note that ALDHhigh cells 
were also detectable in the peripheral blood of most HL 
patients, and it was reported that these cells were often 
clonally related to the HRS cells [37]. However, the 
clonal relationship between the HRS cells and ALDHhigh 
peripheral blood B cells was not clearly shown [38], so 
it remains to be clarified whether ALDHhigh B cells 
indeed represent precursors of the HRS cell clones.  
A previous study using a highly sensitive PCR for HRS 
cell-specific Ig gene rearrangements failed to detect 
members of the HRS cell clone in the peripheral blood 
or bone marrow of two HL patients [39].

3.4 � Genetic Lesions

HRS cells have a much higher number of chromosomal 
aberrations, including multiple numerical as well as 
structural abnormalities, than most other lymphomas 
[40]. However, it is still unclear whether this is mostly 
a side-effect of some type of genetic instability, and 
whether the expression of specific oncogenes or tumor 
suppressor genes is recurrently affected by these 
lesions. When the B cell origin of HRS cells became 
clear, HRS cells were studied for the presence of chro-
mosomal translocations involving the Ig loci, as such 
translocations are a hallmark of many B cell lympho-
mas. Fluorescence in situ hybridization (FISH) studies 
indeed provided evidence for such translocations in 

about 20% of cases, but most of the translocation part-
ners involved remain to be identified [41, 42]. In a few 
cases, the translocation partners were BCL2, BCL3, 
REL, BCL6, or MYC [41–44]. In LPHL, transloca-
tions of the BCL6 gene have been found in about 30% 
of cases [45, 46]. These translocations can involve the 
Ig loci, but also multiple other partners [47].

Due to the difficulty to analyze the few HRS and LP 
cells for mutations in oncogenes and tumor suppressor 
genes, only relatively few of such genes have been 
analyzed so far in these cells. There was a major inter-
est to understand the apoptosis resistance of HRS cells, 
but it turned out that mutations in the CD95 gene, an 
important death receptor, as well as in members of the 
CD95 signaling pathway (FADD, caspase 8, caspase 
10) were rare or not found at all [48–50]. Likewise, no 
mutations were found in the BCL2 family member 
BAD, and also ATM lesions are very rare [51–53]. The 
TP53 tumor suppressor gene was mutated in less than 
10% of cases where the exons of TP53 usually carry-
ing mutations were studied in isolated HRS cells  
[54, 55]. However, recent studies of HL cell lines indi-
cate that HRS cells may additionally carry untypical 
TP53 mutations and that the frequency of TP53 muta-
tions may therefore be higher than previously thought 
[56]. MDM2, a negative regulator of TP53, frequently 
shows gains in HRS cells, which might contribute to 
impaired functions of TP53 in these cells [57].

HRS cells show constitutive activity of the NF-kB 
transcription factor (see below), which is essential for 
the survival of these cells. The mechanisms of this 
activation were originally not understood. Consequently, 
members and regulators of this signaling pathway were 
studied for genetic lesions (Table  3.1). Inactivating 
mutations in the main NF-kB inhibitor NFKBIA 
(IkBa) were found in about 10–20% of HL cases and 
also in several HL cell lines (Fig. 3.3) [58–61]. One 
study also detected mutations in another NF-kB inhib-
itor, NFKBIE (IkBe), in a few cases [62]. Moreover, 
HRS cells frequently harbor genomic gains or amplifi-
cations of the REL gene [63–65], encoding an NF-kB 
family member, and a correlation between such gains 
and strong REL protein expression was found [66]. 
Also the IkB family member BCL3, which acts as a 
positive regulator of NF-kB activity, is affected by 
chromosomal gains or translocations in a small frac-
tion of cHL [67, 68]. Recently, somatic and clonal 
inactivating mutations were found in the TNFAIP3 
gene in about 40% of cHL [69, 70]. TNFAIP3 encodes 
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Fig.  3.3  NF-kB and JAK/STAT activity in HRS cells. In the 
classical NF-kB signaling pathway, stimulation of numerous 
receptors leads via TNF receptor associated factors (TRAFs), 
which are often associated with the receptor interacting protein 
(RIP), to activation of the IKK complex, which is composed of 
IKKa, IKKb, and NEMO. The IKK complex subsequently 
phosphorylates the NF-kB inhibitors IkBa and IkBe. This 
marks them for ubiquitination and subsequent proteasomal deg-
radation. Thereby the NF-kB transcription factors (p50/p65 or 
p50/REL heterodimers) are no longer retained in the cytoplasm 
and translocate into the nucleus, where they activate multiple 
genes. The signal transduction from TRAFs/RIP to the IKK 
complex can be inhibited by TNFAIP3, which removes activat-
ing ubiquitins from RIP and TRAFs and additionally links ubiq-
uitins to these molecules to mark them for proteasomal 
degradation. In the alternative NF-kB pathway, activation of 
receptors such as CD40, BCMA, and TACI causes stimulation 
of the kinase NIK, which then activates an IKKa complex. 
Activated IKKa processes p100 precursors to p52 molecules, 
which translocate as active p52/RELB NF-kB heterodimers into 
the nucleus. HRS cells show constitutive activity of the classical 
and alternative NF-kB signaling pathway. This activity is prob-
ably mediated by diverse mechanisms, including receptor sig-
naling through CD40, RANK, BCMA, and TACI; genomic REL 

amplification; destructive mutations in the TNFAIP3, IkBa, and 
IkBe genes; and signaling through the EBV-encoded LMP1. 
The role of CD30 signaling in HRS cells is controversially dis-
cussed. HRS cells may also harbor nuclear BCL3/(p50)

2
 com-

plexes, and in a few cases the strong BCL3 expression appears 
to be mediated by genomic gains or chromosomal transloca-
tions. The JAK/STAT pathway is the main signaling pathway for 
cytokines. Upon binding of cytokines to their receptors, mem-
bers of the JAK kinase family become activated by phosphoyla-
tion. The activated JAKs then phosphorylate and thereby activate 
STAT transcription factors. These phosphorylated factors homo- 
or heterodimerize and translocate into the nucleus where they 
activate target genes. Main inhibitors of the JAK/STAT pathway 
are SOCS (suppressor of cytokine signaling) factors, which 
function by binding to JAK molecules and inhibiting their enzy-
matic activity, and additionally by inducing proteasomal JAK 
degradation. In HRS cells, STAT3, -5, and -6 are constitutively 
active. Besides activation of cytokine receptors (e.g., IL13 
receptor and IL21 receptor) through cytokines, activation of this 
pathway is mediated by genomic gains of the JAK2 gene and 
frequent inactivating mutations in the SOCS1 gene. The fre-
quency of genetic lesions and viral infections affecting NF-kB 
or STAT activity in classical Hodgkin lymphoma (HL) cases is 
indicated
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for the A20 protein, which is a dual ubiquitinase and 
deubiquitinase that functions as a negative regulator of 
NF-kB. It inhibits signaling from the receptor interact-
ing protein (RIP) and TNF receptor associated factors 
(TRAF) to the IKK kinases, which are essential media-
tors of NF-kB signaling. TNFAIP3 mutations were 
mainly found in EBV-negative cases. Nearly 70% of 
EBV− cases carried TNFAIP3 mutations, indicating 
that EBV infection and A20 inactivation are alterna-
tive pathogenetic mechanisms in HL [70]. As LMP1 of 
EBV, which is expressed in EBV-positive HRS cells, 
mimics an active CD40 receptor and signals through 
NF-kB [71, 72], LMP1 may replace the role of A20 
inactivation in EBV+ HL.

As it was recently revealed that also the LP cells of 
LPHL show strong constitutive NF-kB activity [31], 
also these cells were studied for mutations in NFKBIA 
and TNFAIP3, but clonal destructive mutations were 
not found (Table 3.1) [73].

Genetic lesions were also found in members of the 
JAK/STAT pathway, which is constitutively activated in 
HRS and LP cells. In about 40% of cases analyzed, 
both HRS and LP cells showed somatic mutations in 
the SOCS1 gene, which encodes a main inhibitor of 
STAT signaling (Fig. 3.3) [74, 75]. Furthermore, a frac-
tion of cHL cases show genomic gains or amplifications 
of the JAK2 locus, which encodes one of the kinases 
activating the STAT factors (Table 3.1) [64, 76].

3.5 � Deregulated Transcription Factor 
Networks and Signaling Pathways

3.5.1 � The Lost B Cell Phenotype

Early immunohistochemical studies already revealed 
that HRS cells usually do not express typical B cell 
markers, such as CD20, CD79b, or the BCR [9, 77–79]. 
This lack of expression of B cell markers was indeed 
one of the reasons why the B cell origin of HRS cells 
was not revealed until genetic studies for Ig gene rear-
rangements unequivocally demonstrated a B cell iden-
tity of these cells (see above). Gene expression profiling 
studies of HRS cells in comparison to normal B cells 
then showed that there is a global loss of the B cell 
typical gene expression in HRS cells [80]. This down-
regulation involved all types of genes with important 

functions in these cells, for example, cell surface recep-
tors (CD37, CD53), components of signaling pathways 
(SYK, BLK, SLP-65), and transcription factors (PU.B, 
A-MYB, SPI-B). Remarkably, however, HRS cells 
have retained expression of molecules that are involved 
in antigen-presenting functions and the interaction 
with CD4+ T helper cells. HRS cells usually express 
MHC class II, CD40, CD80, and CD86 [80, 81]. This 
indicates that an interaction with T helper cells is 
important for HRS cell survival. In line with this view, 
HRS cells are typically surrounded by CD40L express-
ing CD4+ T cells [82].

We are now beginning to understand which factors 
contribute to the lost B cell phenotype of HRS cells. 
First, several transcription factors that positively regulate 
the expression of multiple genes in B cells are down-
regulated, including OCT-2, PU.1, and BOB.1 [77, 78, 
83]. Second, although E2A, a master regulator of the B 
cell transcription program, is still expressed, HRS cells 
also show deregulated expression of ID2 and ABF1 [84–
86], which bind to E2A and inhibit its function [85]. The 
physiological role of ABF1 is poorly understood, but 
ID2 is normally expressed in dendritic cells and natural 
killer cells, and supports the generation of these cells 
concomitant with suppression of B cell development 
[87, 88]. Third, HRS cells express activated Notch-1, 
which normally induces T cell differentiation in lympho-
cyte precursors and suppresses a B lineage differentia-
tion of such cells [89, 90]. Activation of Notch-1 is 
probably caused by interaction with its ligand Jagged-1, 
which is expressed by other cells in the HL microenvi-
ronment [90]. Moreover, HRS cells have downregulated 
the Notch-1 inhibitor Deltex1 [89]. Fourth, STAT5A and 
STAT5B are activated in HRS cells and have been 
reported to induce an HRS cell-like phenotype in normal 
B cells [91]. Constitutive active STAT5 induced expres-
sion of CD30 and of the T cell transcription factor 
GATA3 in the B cells and led to downregulation of BCR 
expression. Fifth, the downregulation of multiple B cell 
genes in HRS cells is further mediated by epigenetic 
mechanisms, as DNA methylation has been detected for 
numerous such genes [92, 93]. Sixth, HRS cells express 
several transcription factors that have important roles in 
hematopoietic stem cells and early lymphoid precursors, 
including GATA2, BMI1, RING1, and RYBP [94–97]. 
The expression of these factors may contribute to a “ded-
ifferentiated” phenotype of HRS cells.

Surprisingly, PAX5, the main B lineage commit-
ment and maintenance factor, is still expressed in HRS 
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cells, albeit at reduced levels [7]. As many of its direct 
target genes are not expressed, it is likely that PAX5 
activity is inhibited. Notch-1 is a candidate for this inhi-
bition [89]. It may also be that PAX5 target genes are 
not expressed because other transcription factors needed 
for the efficient expression of these genes are missing.

The downregulation of many B cell transcription fac-
tors that also suppress the expression of non-B lineage 
genes, combined with the upregulated expression of 
genes promoting expression of genes of other hematopoi-
etic cell types (e.g., Notch-1, ID2), not only explains the 
lost B cell phenotype of HRS cells, but also the heterog-
enous expression of genes specifically expressed by den-
dritic cells, T cells, or other cell types. It is an intriguing 
question whether the lost B cell phenotype of HRS cells 
is related to their origin from crippled GC B cells. 
Perhaps, due to the stringent selection of B cells for 
expression of a functional BCR (a high-affinity one in 
the GC), there is a selection in HRS cell pathogenesis 
downregulating the B cell gene expression program to 
escape the selectional forces that induce apoptosis in GC 
B cells with unfavorable IgV gene mutations. However, 
the lost B cell phenotype could also be a side-effect of so 
far unknown transforming events.

3.5.2 � Constitutive Activation  
of Multiple Signaling Pathways

It is obvious that tumor cells need to activate and 
deregulate signaling pathways and transcription fac-
tors that promote their survival and proliferation. 
Nevertheless, it is striking how many of such pathways 
are constitutively activated in HRS cells, and cHL 
appears to be rather unique among lymphoid malig-
nancies in the extent to which multiple signaling path-
ways contribute to the survival and expansion of HRS 
cells. It has already been mentioned above that HRS 
cells show constitutive NF-kB activity. This activity is 
essential for HRS cell survival [98], and is most likely 
not only mediated by genetic lesions (see above), but 
also by signaling through receptors. NF-kB factors of 
both the canoncial pathway (p50/p65) and the non-
canonical NF-kB pathway (p52/RelB) are activated 
(Fig. 3.3). HRS cells express the TNF receptor family 
members CD30, CD40, RANK, TACI, and BCMA, 
which activate NF-kB, and cells expressing the respec-
tive ligands are found in the HL microenvironment 

[82, 99–103]. There are, however, conflicting data 
about the role of CD30 in NF-kB activation [104, 105]. 
In EBV-positive cases of cHL, the virally encoded 
LMP1 mimics an active CD40 receptor and hence also 
contributes to NF-kB activation [106].

Another central signaling pathway, which is like 
NF-kB activated both by genetic lesions as well as by 
ligand-mediated receptor triggering, is the JAK/STAT 
pathway (Fig. 3.3). This is the main signaling pathway for 
cytokines. Activation of cytokine receptors causes activa-
tion of JAK kinases which in turn phosphorylate and 
thereby activate STAT transcription factors. The phospho-
rylated STAT factors dimerize and then translocate into 
the nucleus where they activate transcription of target 
genes. HRS cells show activation of STAT3, STAT5, and 
STAT6 [91, 107–109]. The activation of STAT6 is at least 
partly mediated by signaling through IL13. As HRS cells 
express IL13 and its receptor, STAT6 activation can be 
mediated through an autocrine stimulation loop [110, 
111]. Signaling through the IL21 receptor contributes to 
STAT3 and STAT5 activation in HRS cells, which is also 
enhanced by the NF-kB activity in the cells [91, 112, 
113]. As mentioned above, STAT5 activity may contrib-
ute to the lost B cell phenotype of HRS cells. Inhibition of 
STAT activity in HL cell lines resulted in reduced prolif-
eration of the cells, further supporting an important patho-
genetic role of this signaling pathway [107, 108, 110].

Receptor tyrosine kinases (RTK) are important reg-
ulators of cell growth, survival, and proliferation. In 
multiple cancers, specific RTK are activated, often by 
somatic mutations [114]. In contrast, HRS cells show 
multiple activated RTK, and their activation does not 
appear to be due to activating mutations but at least 
partly to ligand-mediated stimulation [115]. RTK that 
are often expressed in varying combinations in HRS 
cells include PDGFRA, DDR2, EPHB1, RON, TRKA, 
TRKB, and MET [115, 116]. The expression of most 
of these is aberrant, as they are not expressed by nor-
mal GC B cells [115]. They are also usually not 
expressed by other B cell non-HL, showing that this is 
a specific feature of HL among B cell lymphomas 
[115, 117]. Expression of multiple RTKs is most pro-
nounced in EBV-negative cases of cHL, suggesting 
that EBV activates pathways in HRS cells replacing 
the function of RTKs [118]. For PDGFRA and TRKA, 
a growth-inhibitory effect has been shown upon their 
inhibition in HL cell lines, giving a first indication that 
the activity of RTKs is important for HRS cell prolif-
eration [115, 119].
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Signaling through various receptors is mediated by 
the mitogen-activated protein kinase (MAPK)/ERK 
pathway. In HRS cells, the serine/threonine kinases 
ERK1, ERK2, and ERK5 are activated [120, 121]. 
Inhibition of their activity has antiproliferative effects 
on HL cell lines [121]. Signaling through CD30, CD40, 
and RANK may contribute to the stimulation of this 
pathway [121].

The transcription factor AP-1 acts as homo- or het-
erodimers of Jun, Fos, and ATF components. In HRS 
cells, c-Jun and Jun-B are overexpressed and constitu-
tively active [122]. The overexpression of Jun-B is 
mediated by NF-kB [122]. AP-1 induces many target 
genes and promotes proliferation of HRS cells. Target 
genes of AP-1 include CD30 and galectin-1, the latter of 
which has immunomodulatory functions [123, 124].

Finally, also the phosphatidylinositol-3-kinase (PI3K)/
AKT pathway, which is a main promoter of cell survival, 
shows activity in HRS cells [125, 126]. AKT is a serine/
threonine kinase that is activated in HRS cells, as evident 
from its phosphorylated state and phosphorylation of 
known target proteins [125, 126]. Inhibition of AKT in 
HL cell lines causes cell death, suggesting an important 
role of active AKT in HRS cell survival [125, 126]. 
PI3K may be activated in HRS cells by signaling through 
CD30, CD40, RANK, and RTK.

While we have a relatively detailed insight into sig-
naling pathways active in HRS cells, less is known about 
signaling pathways constitutively active in LP cells of 
LPHL. However, LP cells also show a high constitutive 
activity of NF-kB [31]. RTKs are partly also aberrantly 
expressed by these cells [115], and activation of the 
JAK/STAT pathway has been observed [74].

In conclusion, HRS cells are characterized by the 
deregulated and constitutive activation of multiple sig-
naling pathways and transcription factors that contrib-
ute to the survival and proliferation of these cells. The 
multitude of different stimulated pathways appears to 
be rather unique among human B cell lymphomas. 
Often, these pathways are activated by common mech-
anisms, and they may interact in numerous ways.

3.6 � Antiapoptotic Mechanisms

With a presumed origin from pre-apoptotic GC B cells, 
it is critical to understand through which mechanisms 
HRS cell escape from apoptosis. A number of factors 

contributing to HRS cell survival have already been 
discussed in the previous section: constitutive activity 
of NF-kB, STAT, PI3K, Notch1, AP-1, RTK, and ERK. 
Several specific inhibitors of the two main apoptosis 
pathways deserve specific mentioning. Although HRS 
cells express the CD95 death receptor of the extrinsic 
apoptosis pathway as well as its activating ligand, HL 
cell lines are resistant to CD95-mediated death induc-
tion, suggesting a specific inhibition of this pathway 
[127–129]. As mentioned above, this resistance is nei-
ther due to mutations in the CD95 receptor itself, nor 
in its interaction partners FADD, caspase 8, or caspase 
10. However, HRS cells show strong expression of the 
CD95 inhibitor cFLIP (cellular FADD-like interleukin 
1b-converting enzyme-inhibitory protein), and this 
factor impairs CD95 signaling in HRS cells [127, 128]. 
Inhibition of the intrinsic (mitochondrial) apoptosis 
pathway is probably mediated through strong expres-
sion of the anti-apoptotic factors BCLXL and XIAP 
(X-linked inhibitor of apoptosis) [130, 131]. BCLXL 
inhibits apoptosis at the level of the mitochondrial 
apoptosis induction, whereas XIAP inhibits activity of 
caspases 3 and 9, which are downstream executioners 
of the mitochondrial apoptosis program. Although 
HRS cells also express proapoptotic Smac, which can 
inhibit XIAP, the cells show an impaired release of 
Smac from the mitochondria into the cytoplasm [132]. 
As mentioned above, HRS cells express high levels of 
the pro-apoptotic TP53 factor, but resistance to TP53-
mediated apoptosis appears to be rarely due to inacti-
vating mutations in the TP53 gene. An important factor 
for the inhibition of TP53 activity is MDM2, which is 
expressed at high levels in HRS cells [133]. The func-
tional role of MDM2 as an TP53 inhibitor in HRS cells 
is supported by the fact that HL cell lines expressing 
wild-type TP53 are rendered apoptosis-sensitive 
toward pharmacological apoptosis inducers upon inhi-
bition of MDM2 by its antagonist nutlin 3 [134, 135].
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4.1 � Microenvironment

4.1.1 � Hodgkin Lymphoma Subtypes

When discussing the microenvironment in Hodgkin 
lymphoma (HL), it is important to recognize the differ-
ent HL subtypes described by the WHO classification 
[1, 2]. In fact, the classical HL (cHL) subtypes are 
defined in large part by the composition of the reactive 
infiltrate (Table 4.1). The most prevalent subtype is the 
nodular sclerosis type that consists of a nodular back-
ground with thick fibrotic bands, usually with a thick-
ened lymph node capsule. In addition to the lacunar 
type of Hodgkin/Reed–Sternberg (HRS) cells there is a 
microenvironment consisting of T cells, eosinophils, 
and histiocytes, with a variable admixture of neutro-
phils, plasma cells, fibroblasts, and mast cells. The 
second most common subtype is mixed cellularity, 
which is defined by the presence of typical HRS cells 
and a diffuse infiltrate of T cells, eosinophils, histio-
cytes, and plasma cells, sometimes with the formation 
of granuloma-like clusters or granulomas (Fig.  4.1). 
Lymphocyte-rich cHL also comprises typical HRS 
cells in a nodular or diffuse microenvironment and 
small B and/or T lymphocytes dominating the back-
ground, sometimes with admixture of histiocytes. 
Granulocytes are not a component in this subtype. The 
rare lymphocyte depleted subtype harbors a high per-
centage of HRS cells in a background consisting of 
fibroblasts and a low number of T cells. Nodular lym-
phocyte predominance (NLP) HL is considered a sep-
arate entity. The morphology may closely resemble 
that of the nodular variant of the classical lymphocyte 
rich subtype, both involving follicular areas with many 
small B cells. However, the nature of the tumor cells 
and the T cells is different. In the cHL subtypes, the 
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HRS cells are transformed B cells with an aberrant 
postgerminal center cell phenotype, while in LPHL the 
lymphocyte predominant (LP) cells are transformed 
B cells with a germinal center cell phenotype. Likewise, 
the T cells in cHL have features of paracortical T cells, 
while those in LPHL are similar to germinal center  
T cells [3, 4].

4.1.2 � Epstein–Barr Virus

The presence of latent Epstein–Barr virus (EBV) 
genomes in HRS cells appears to influence the compo-
sition of the microenvironment. Positive EBV status is 
strongly associated with the mixed cellularity subtype 
(~75% EBV+) and by definition is absent in LPHL. 

Depending on the geographic locale, EBV is present in 
the HRS cells in 10–40% in nodular sclerosis cases. 
The percentage of EBV+ classical lymphocyte rich 
cases is not very clear, but probably between 40 and 
80%. EBV infects more than 90% of the world popula-
tion and establishes a lifelong latent infection in B 
cells in its host. Potent cytotoxic immune responses 
keep the number of EBV infected B cells at approxi-
mately 1/100,000 B cells and usually prevents EBV-
driven malignant transformation in immunocompetent 
individuals. Accordingly, EBV-associated cHL cases 
contain slightly more CD8+ cytotoxic T cells in the 
reactive background compared to non-EBV-associated 
cHL cases [5].

4.1.3 � T Cell Subsets in cHL

A unifying feature of the reactive infiltrate in virtually 
all cHL subtypes is the presence of large amounts of 
CD4+ T cells. Besides being widely distributed in the 
background, these CD4+ T cells form a tight rosette 
around the tumor cells. T cells within these rosettes 
often have a distinct phenotype, different from the phe-
notype of the T cells that are located further away from 
the cHL tumor cells (Fig. 4.2).

In general, CD4+ T cells can be divided into naïve 
(CD45RA+) and memory (CD45RO+) subsets depend-
ing on whether they have previously been stimulated 
by antigen. A large subset of CD4+ T cells consists of 
the so-called helper T (Th) cells; these cells play an 
important role in helping other cells to induce an effec-
tive immune response. Th cells can be further divided 
into Th0 (naive), Th1 (cellular response), Th2 (humoral 

Subtype EBV (%) Background T cells Other cells

Nodular sclerosis 10–40 Nodular + fibrosis CD4 > CD8, Th2, 
Treg > Th1

Eosinophils, histiocytes,  
fibroblasts, B cells, mast cells, 
(neutrophils)

Mixed cellularity 75 Diffuse CD4 > CD8, 
Th2,Treg > Th1

Eosinophils, histiocytes,  
plasma cells, B cells

Lymphocyte rich 40–80 Nodular or diffuse CD4 > CD8 Histiocytes

Lymphocyte depleted 
(including HIV+)

80–100 Diffuse – Fibroblasts

Nodular lymphocyte 
predominant

0 Nodular (+diffuse) Th2, CD57+ Treg, 
CD4+/8+

Histiocytes, B cells

Table 4.1  Composition of the microenvironment in different Hodgkin lymphoma (HL) subtypes

Fig. 4.1  The microenvironment in classical Hodgkin lymphoma 
(HL). Histology of a classical HL (mixed cellularity subtype). T 
tumor cell; L (T−)lymphocyte; H histiocyte; E eosinophil; N 
neutrophil; P plasma cell. Hematoxylin and eosin staining
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response), Th17 (IL-17 producing), and Treg (regulat-
ing other responses) cells. The Treg cells can be fur-
ther divided into Th3 (transforming growth factor-b 
(TGF-b)-producing), Tr1 (IL-10-producing), and 
CD4+CD25+ Treg (originating from the thymus) sub-
populations. Some, but not all, Treg cells express the 
transcription factor FoxP3.

The T cells in cHL consist mainly of CD4+ T cells 
that have a memory phenotype (CD45RO+) and express 
several activation markers including CD28, CD38, 
CD69, CD71, CD25, and HLA-DR, as well as markers 
like CD28, CTLA-4, PD-1, and CD40L. However, these 
T cells lack expression of CD26 [6]. This lack of CD26 
expression is most striking in the areas surrounding 
the tumor cells. CD26, dipeptidyl peptidase IV, regu-
lates proteolytic processing of several chemokines, 
e.g., CCL5 (Rantes), CCL11 (Eotaxin), CCL22 (MDC) 

[7]. CD26 is also associated with adenosine deaminase 
(ADA) and with CD45RO and when interacting with 
anti-CD26 antibodies leads to enhancement of T cell 
activation through the T cell receptor [8]. CD26 is pref-
erentially expressed on CD4+CD45RO+ cells and is 
normally upregulated after activation. However, CD26 
cannot be upregulated on the CD26-negative cells from 
cHL lesions. In general, a high CD26 expression level 
correlates with a Th1 subtype of cells.

The transcription factor expression pattern indicates 
that the CD4+ T cells in cHL are predominantly Th2 
(c-Maf) and Treg (FoxP3) [3, 9]. The CD4+CD26− T 
cell subset in cHL has reduced mRNA levels of Th1- 
and Th2-associated cytokines in comparison to the 
CD4+CD26+ T cells from cHL and CD4+ T cells (both 
CD26− and CD26+) in reactive lymph nodes [10]. 
Based on much higher mRNA expression levels of 

Fig.  4.2  Shaping the microenvironment in classical Hodgkin 
lymphoma (HL). Immunohistochemistry of classical HL cases. 
In the upper panel left, strong and specific staining of Hodgkin/
Reed–Sternberg (HRS) cells for chemokine CCL17 (TARC). 

This chemokine attracts CCR4+ lymphocytes (upper panel 
right). A large proportion of reactive T cells are Treg cells, as 
shown by positive staining for transcription factor FoxP3 (lower 
panel left) and activation marker CD25 (lower panel right)
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IL-2RA (CD25), CCR4, FoxP3, CTLA4, TNFRSF4 
(OX-40), and TNFRSF18 (GITR) observed in the 
CD4+CD26− T cells from cHL, it has been postulated 
that these cells have a Treg phenotype (Fig. 4.2). In addi-
tion, mildly enhanced IL-17 levels can be observed both 
in CD4+CD26− and CD4+CD26+ T cells from cHL in 
comparison to the T cells from tonsil. Upon stimulation, 
the CD4+CD26− T cells fail to induce expression of 
cytokines, suggesting that the T cell population roset-
ting around the HRS cells or located in the direct vicin-
ity of the HRS cells have an anergic phenotype [10]. 
Immunohistochemistry for several Treg-associated mol-
ecules demonstrates that the rosetting T cells in cHL 
express GITR, CCR4, and CD25, but not FoxP3. 
Scattered FoxP3-positive cells are present in the infil-
trate but only rarely in the direct vicinity of the HRS 
cells, and CTLA-4 shows a more diffuse presence [10]. 
Likewise, a small number of scattered IL-17-positive 
cells can be found in the reactive infiltrate. Anergy in T 
cells is normally induced by lack of costimulation 
through CD80/CD86, activation by superantigens, or the 
effect of cytokines like TGF-b and IL-10. The anergic 
state in cHL is probably not caused by the lack of costim-
ulatory molecules since CD80 and CD86 as well as sev-
eral other costimulatory molecules are highly expressed 
on the HRS cells [11, 75]. However, the surrounding 
lymphocytes express CTLA-4 as well as CD28, where as 
TGF-b and IL-10 are frequently produced by HRS cells 
and may cause anergy of the surrounding T cells.

4.1.4 � T Cell Subsets in LPHL

The CD4+ T cells in LPHL resemble the CD4+ T cells 
in cHL, regarding the expression of CD45RO, CD69, 
CTLA4, CD28, PD-1, and lack of CD26. However, 
these T cells do not express CD40L and a significant 
proportion of the cells that immediately surround the LP 
cells express CD57. Similar to the Th2 cells in cHL, the 
rosetting cells in LPHL strongly express the Th2-
associated transcription factor c-Maf (Fig. 4.3; [3]).

Characterization of the CD4+CD57+ T cell subset 
shows lack of IL-2 and IL-4 mRNA, but elevated inter-
feron-g (IFN-g) mRNA levels in comparison to CD57+ T 
cells from tonsil. Stimulation of these cells fails to induce 
upregulation of IL-2 and IL-4 mRNA levels [12], which 
is similar to the lack of cytokine induction upon stimula-
tion of the CD26− T cells in cHL. The normal counter-
part of CD4+CD57+ T cells is found almost exclusively 
in the light zone of reactive germinal centers. These 
CD57+ T cells also lack CD40L expression. CD57 is 
known as an activation marker but it has also been dem-
onstrated to be a marker for senescent cells. Senescence 
is the phenomenon by which normal diploid cells lose the 
ability to divide, normally after about 50 cell divisions.

In LPHL, a population of CD4+CD8+ T cells has 
been reported in more than 50% of patients. The func-
tion of these cells in LPHL is currently unknown, but 
in other settings these cells play immunoregulatory 
roles [13].

Fig. 4.3  T cells in nodular lymphocyte predominant Hodgkin 
lymphoma (HL). Immunohistochemistry of a case of nonclassi-
cal nodular lymphocyte predominant HL. A variable but usually 
high amount of reactive T cells express CD57 and as in this case 

these cells can encircle the tumor cells (panel left). The CD57+ 
T cells also express transcription factor c-Maf, indicating a Th2-
type nature (panel right)
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4.1.5 � Fibrosis and Sclerosis

The presence of bands of collagen surrounding nod-
ules and blood vessels are typical of the nodular scle-
rosis subtype. Several factors can induce the activation 
of fibroblasts and the subsequent deposition of extra-
cellular matrix proteins. The Th2 cells in cHL might 
provide a profibrogenic microenvironment by the 
production of the Th2 cytokine IL-13. IL-13 is 
expressed at a higher level in nodular sclerosis than in 
mixed cellularity cHL. Moreover, also the percentage 
of IL-13 receptor positive fibroblasts is increased in 
nodular sclerosis cHL cases [14]. IL-13 stimulates 
collagen synthesis in  vitro and also stimulates the 
production of TGF-b, another potent stimulator of 
fibrosis. TGF-b can interact with basic fibroblast 
growth factor (bFGF) to cause fibrosis in cHL. In a 
mouse model for fibrosis, the simultaneous applica-
tion of TGF-b and bFGF causes persistent fibrosis 
[15]. Since both TGF-b and bFGF are produced by 
the HRS cells as well as the reactive background [16, 
17], this can cause fibrosis in cHL. TGF-b and bFGF 
are both produced more prominently in nodular scle-
rosis than in mixed cellularity cHL [18], which is 
consistent with this concept. The third factor that 
stimulates fibroblasts in cHL is the engagement of 
CD40. CD40, a member of the tumor necrosis factor 
receptor (TNFR) superfamily, can be upregulated on 
fibroblasts by IFN-g, and its ligand CD40L is present 
on activated T cells, mast cells, and eosinophils pres-
ent in the cHL microenvironment.

4.1.6 � Eosinophils, Plasma Cells,  
and Mast Cells

Presence of eosinophils in the reactive infiltrate can be 
promoted by both IL-5, produced by Th2 cells, and by 
IL-9. In cHL patients with eosinophilia in the periph-
eral blood, IL-5 and IL-9 have been reported to be 
expressed by the HRS cells [19]. In addition, eosino-
phils are attracted to cHL tissues by the production of 
the chemokine CCL11, especially in nodular sclerosis 
cHL. CCL11 levels can be enhanced by the production 
of tumor necrosis factor-a (TNF-a) by the HRS cells, 
which in turn can induce CCL11 production in fibro-
blasts. This process is specific for cHL since other 

lymphomas with tissue eosinophilia show no expres-
sion of CCL11 [20]. HRS cells also produce CCL28 
(MEC), and expression of CCL28 correlates with the 
presence of eosinophils and plasma cells in cHL. 
CCL28 attracts eosinophils by signaling through the 
chemokine receptor CCR3 and attracts plasma cells 
through CCR10 [21]. CCL5 is produced at high levels 
by the reactive infiltrate in cHL and can attract eosino-
phils as well as mast cells. CCL5 and IL-9 may both 
contribute to the attraction of mast cells in cHL [22]. 
The stimulation and recruitment of eosinophils in cHL 
can be illustrated in staging bone marrow biopsies that 
often show reactive enhancement of granulopoiesis 
with many eosinophils, although there are no HRS 
cells present in the bone marrow. Finally, IL-6 has 
been shown to be produced by HRS cells in some cases 
of cHL, and this may explain the presence of variable 
amounts of plasma cells [23]

4.2 � Cross-Talk Between HRS Cells  
and Microenvironment (Fig. 4.4)

4.2.1 � Clinical Findings

HRS cells shape their environment by attracting spe-
cific T cell populations that provide growth support-
ing factors and by suppressing an effective antitumor 
response of the immune system. In patients with an 
impaired immune response, cHL occurs more fre-
quently. After solid organ transplantation, there is a 
small increase in the incidence of cHL that can largely 
be attributed to EBV-positive cHL. HIV-infected 
individuals have an approximate 10 times increased 
risk of developing cHL [24]. In comparison to non-
HIV-associated cHL, these tumors are more often 
EBV-associated, mixed cellularity, and lymphocyte 
depletion subtypes and usually contain more tumor 
cells. This indicates a functional defect in the immune 
response, in particular to EBV, presumably caused 
by the impairment of CD4+ T cells by HIV. On the 
other hand, the importance of CD4+ T cells for sup-
porting the growth of HRS cells is also illustrated in 
HIV-positive patients, because an increase in HIV-
associated cHL incidence has been observed after the 
introduction of highly active antiretroviral therapy 
(HAART) [25] (Fig. 4.4).
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4.2.2 � Factors Supporting Tumor Growth

It is likely that HL tumor cells originate from a precur-
sor B cell that has become addicted to activating and 
growth-supporting stimuli during a deregulated immune 
response. Many additional events are needed to account 
for the highly deregulated malignant phenotype of HRS 
and LP cells. Although the tumor cells attain multiple 
alternative mechanisms to circumvent the dependence 
on growth-stimulating signals from the reactive infil-
trate, they usually are not self-sufficient at the time of 
diagnosis. This is reflected by the inability to grow cell 
lines from primary HL cell suspensions.

IL-3 can function as a growth factor for B cells and 
is produced by activated Th2 cells, mast cells, and 
eosinophils. Its functions include protection against 

apoptosis and stimulation of proliferation. Most HRS 
cells in cHL cases express the IL-3 receptor, and exog-
enous IL-3 promotes cell growth in cHL cell lines. 
Costimulation of IL-3 with IL-9 results in further 
enhancement of cell growth [26]. There is no evidence 
for the production of IL-3 by HRS cells themselves, so 
this signaling pathway depends on the reactive infil-
trate. IL-7 is most likely an autocrine as well as a para-
crine growth factor for HRS cells, since HRS cells 
express both the IL-7 receptor and produce IL-7 [27]. 
Moreover, fibroblasts isolated from cHL tissue are also 
able to produce IL-7 [28]. cHL cell lines produce very 
little IL-7 themselves, but anti-IL-7 has some effect on 
cell growth. Addition of IL-7 results in an increase in 
proliferation and protection against apoptosis. Other 
growth factors important for HRS cells are IL-9, IL-13, 
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and, possibly, IL-6. IL-9 is expressed by the tumor 
cells and not in the infiltrate, and the IL-9 receptor is 
expressed on the tumor cells and mast cells. IL-9 sup-
ports tumor growth in cell lines and is an autocrine fac-
tor in cHL tissue [22]. IL-13 produced by HRS cells as 
well as the surrounding T cells drives proliferation and 
is mostly autocrine [29]. IL-6 is mainly produced by 
the HRS cells and occasionally in the infiltrate [23]. In 
general, IL-6 is found at higher levels in EBV+ cases 
[30]. IL-6 might have an autocrine effect although neu-
tralizing antibodies have no effect on the growth of the 
cHL cell lines.

HRS cells express several members of the TNFR 
superfamily including CD30, which has been used as a 
marker for cHL since the early 1980s. The CD30 ligand 
(CD30L) is expressed on eosinophils [31] and mast cells 
[32] that are present in the cHL infiltrate. Circulating 
eosinophils in cHL patients also have increased expres-
sion levels of CD30L [31]. Binding of CD30L to CD30 
causes enhanced secretion of IL-6, TNFa, lymphotoxin-
a, increased expression of ICAM-1 and B7, and, possi-
bly, increased clonogenic growth and protection against 
apoptosis [33]. Another TNFR expressed on HRS cells 
is CD40. CD40 is generally found on B cells, and B 
cells can be activated through CD40. In vitro rosetting 
of activated CD4+ lymphocytes around HRS cells is 
mediated through the CD40L adhesion pathway [34]. 
Engagement of CD40 is important for the prevention of 
apoptosis. Similar to stimulation of CD30, stimulation 
of HRS cell lines with CD40L causes enhanced secre-
tion of several cytokines and upregulation of costimula-
tory molecules [33].

4.2.3 � Shaping the Environment

In addition to the production of several growth factors, 
HRS cells also produce large amounts of chemokines 
to attract specific beneficial or nonreacting cells. The 
lack of CD26 on the T cells surrounding the HRS cells 
may result in an incapability to cleave the chemokines 
and thereby modulate the chemotaxic effects exerted 
by the HRS cells. The attraction of a specific popula-
tion of cells is an important immune escape mecha-
nism exerted by the tumor cells.

The most abundant and cHL-specific chemokine is 
CCL17 (TARC); it binds to CCR4 and CCR8 on Th2 
cells, Treg cells, basophils, and monocytes. CCL17 is 

highly expressed by HRS cells in the vast majority of 
cHL patients and not in LPHL or non-Hodgkin lym-
phomas [35, 36]. CCL17 levels can be measured in 
serum and are a sensitive and specific marker reflect-
ing cHL tumor burden [37, 38]. High expression levels 
of CCL17 might explain the influx of lymphocytes 
with a Th2- and Treg-like phenotype, and CCL17-
positive cases are indeed associated with a higher per-
centage of CCR4-positive cells (Fig. 4.2; [36, 39]). In 
turn, Th2-type cytokines (IL-4, IL-13) can induce the 
production of CCL17 by HRS cells. CCR4-positive 
lymphocytes are found especially in the rosettes imme-
diately surrounding the HRS cells [10, 40]. CCL22 is 
another chemokine that has a similar function as 
CCL17. High CCL22 protein expression levels were 
found in the cytoplasm of HRS cells in 90–100% of 
cHL patients and also in tumor cells in the majority of 
LPHL and non-HL patients [41–44]. CCL22 produc-
tion can also be stimulated by Th2 cytokines, IL-4 and 
IL-13, and may serve to reinforce the attraction of Th2 
and Treg lymphocytes, initiated by CCL17. Stimulation 
of the IL-21 receptor on HRS by IL-21 activates 
STAT3, which can induce CCL20 (MIP3a) produc-
tion. CCL20 in turn attracts memory T cells and Treg 
cells [45]. HRS cells express both IL-21 and the IL-21 
receptor, indicating presence of an autocrine signaling 
loop. The expression of some chemokines is more pro-
nounced in EBV+ cHL (i.e., CXCL9 and CXCL10), 
and perhaps as a result the composition of the reactive 
background is somewhat different from that in EBV− 
cHL, with a slightly higher proportion of CD8+ T cells 
in EBV+ cases.

In addition to attracting specific cell subsets by 
chemotaxis, HRS cells also shape their environment 
by inducing differentiation of specific T cell subsets 
that are favorable for HRS cell survival and growth. 
The expression of IL-13 by the HRS cells stimulates 
differentiation of naïve T cells to Th2 cells [29]. The 
production of IL-7 by HRS cells and fibroblasts can 
induce proliferation of Tregs [28]. Also, cHL cell lines 
with antigen-presenting functions like KMH2 and 
L428 have been shown to promote the differentiation 
of Treg like cells in  vitro (expressing CD4, CD25, 
FoxP3, CTLA4 and GITR and producing large 
amounts of IL-10). Interestingly, these cell lines can 
also induce the formation of CD4+ cytotoxic cells 
(expressing granzyme B and TIA-1) that can kill tumor 
cells directly, suggesting that CD4+ CTLs have the 
potential to attack tumor cells in vivo [46].
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4.2.4 � Immune Suppression

Because normal B cells are professional antigen-pre-
senting cells, HRS cells are expected to present anti-
gens to the immune system, at least early in disease 
pathogenesis. Indeed, most components of the HLA 
class I and HLA class II antigen-presenting pathways 
have been detected in the HRS cells at the time of diag-
nosis. However, at that time Th1 cells are not actively 
attracted by the HRS cells and CD8+ CTLs are rela-
tively scarce. Moreover, HRS cells have gained the 
capacity to prevent CTLs from attacking by producing 
high amounts of the strongly immunosuppressive 
cytokines TGF-b and IL-10. TGF-b is produced by 
HRS cells in nodular sclerosis cHL [16, 17] whereas 
IL-10 is more frequently found in EBV+ (mixed cel-
lularity) cHL [47, 48]. In normal cells, TGF-b is pro-
duced in an inactive form, which can be activated by 
acidification. TGF-b produced by cHL cell line L428 
is active at a physiological pH and has a high molecu-
lar weight [49]. The same high molecular weight form 
of TGF-b can also be found in the urine of cHL patients 
[50] indicating that in patients HRS cells are able to 
produce the active TGF-b form.

The Tregs that are present in the microenvironment 
of cHL are highly immunosuppressive and contain Tr1 
(IL-10 producing Tregs) as well as CD4+CD25+ 
Tregs. IL-10, cell–cell contact, and CTLA4 play a 
main role in executing their immunosuppressive func-
tion [51]. In addition, HRS cells express galectin-1, an 
animal lectin, which can cause apoptosis in activated T 
cells, and contributes to the elimination of an effective 
antitumor response in cHL [52]. HRS cells also express 
FAS and the FAS ligand. There are some mechanisms 
protecting the HRS cells from apoptosis induction, 
such as FAS mutations in a small proportion of cases 
and c-FLIP overexpression in all cases [53]. On the 
other hand, activated Th1 and CD8 cells expressing 
FAS would be driven to apoptosis by the FAS ligand 
expression on the HRS cells. Also, HRS cells were 
found to express PD-1 ligand whereas the rosetting 
lymphocytes are PD-1 positive [54]. In EBV+ cHL, 
the Th1-inducing cytokine IL-12 is expressed in T 
cells surrounding the HRS cells, and its presence sug-
gests that these T cells have the potential to induce 
antitumor activity [55]. However, an EBV-induced 
IL-12-related cytokine called EBI3 can block this Th1 
response and is produced by HRS cells [56]. Another 

immune suppressive mechanism in EBV+ cHL might 
be the release of anergy-inducing exosomes containing 
the EBV latent membrane protein 1 (LMP1), galec-
tin-9, and HLA class II. These exosomes have been 
shown in EBV-associated lymphoblastoid and nasopha-
ryngeal carcinoma cell lines; however, it is unknown 
whether they are also secreted in EBV+ cHL [57].

4.3 � Immune Escape  
Mechanisms (Fig. 4.4)

4.3.1 � Antigen Presentation

The importance of antigen presentation in the patho-
genesis of cHL has been suggested by the association 
of specific HLA subtypes with increased cHL inci-
dence. cHL is more common in Caucasians as com-
pared to Asians and about 4.5% of cHL cases occur in 
families [58, 59]. A three to sevenfold increased risk 
has been observed in first degree relatives and siblings. 
In monozygotic twins, the cotwin has an approximate 
100-fold increased risk of developing cHL compared 
to dizygotic twins [60]. From the 1970s, a number of 
serological HLA types have been associated with the 
occurrence of cHL. More recently, a genetic screen of 
the entire HLA region showed a strong association 
between the HLA-A gene and EBV+ cHL. This asso-
ciation was not present in EBV− cHL [61, 62]. It can 
be hypothesized that this association is related to insuf-
ficient presentation of EBV antigenic peptides. These 
antigenic peptides most likely are derived from the 
latency type II genes that are expressed in cHL, i.e., 
LMP1, LMP2, and EBV-related nuclear antigen 1 
(EBNA1). EBV partially escapes cytotoxic immune 
responses by downregulating immunodominant latent 
genes (EBNA2 and EBNA3). In addition, the glycine–
alanine repeat in EBNA1 largely prevents its presenta-
tion by HLA class I by blocking its degradation into 
antigenic peptides through the proteasome [63]. 
However, subdominant immune responses to LMP2 
and to a lesser extent LMP1 are present in the healthy 
EBV-infected population [64]. In fact, adoptive immu-
notherapy in relapsed EBV-associated cHL has been 
used in some small studies with success, although lim-
ited. In these studies, peripheral blood from cHL 
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patients was used to create EBV-specific cytotoxic T 
cell lines in  vitro and these were reinfused. Some 
objective responses were observed (3/11 and 5/6), with 
better responses if the CTLs were specifically targeted 
to LMP2 [65, 66] (Fig. 4.4).
Interestingly, the genetic association of the HLA-A 
gene with EBV+ cHL is attributed to the presence of 
the HLA-A*01 type and absence of the HLA-A*02 
type [67]. HLA-A*01 is known to have a low affinity 
for LMP2- and LMP1-derived antigenic peptides, 
while HLA-A*02 can present these peptides very well. 
This suggests that EBV+ cHL is more likely to occur 
after primary EBV infection if an individual’s set of 
HLA class I molecules cannot properly present LMP2 
and LMP1 to the immune system. In fact, the HLA 
polymorphisms associated with EBV+ cHL have also 
been shown to be related to the occurrence of infec-
tious mononucleosis [68]. Individuals who have had 
infectious mononucleosis have a three times increased 
risk of developing EBV+ cHL [69]. It is unknown to 
what extent the HLA-A*01-associated increased risk 
is due to an increase in latently EBV-infected B cells 
(HRS cell “precursors”) or to decreased effectiveness 
of antitumor cell immune responses.

4.3.2 � HLA Expression

Paradoxically, HLA class I and class II expression by 
HRS cells is usually retained in EBV+ cHL patients, 
whereas in EBV− cHL patients these molecules are 
frequently downregulated. Defects in the antigen-pre-
senting pathways are very common in solid malignan-
cies (HLA class I), as well as in many B cell lymphomas 
(HLA class I and class II) and are an obvious mecha-
nism to escape from antitumor immune responses. 
Especially downregulation of HLA class I is a com-
mon immune escape mechanism in EBV− cHL, with 
less than 20% of cases still expressing cell surface 
HLA class I on the HRS cells at the time of diagnosis 
[70]. Different mechanisms are involved in this down-
regulation because immunohistochemistry has shown 
complete absence of HLA class I or retention of HLA 
class I heavy chains within the cytoplasm. This reten-
tion in the cytoplasm is usually accompanied by an 
absence of b2-microglobulin expression, which is nec-
essary for HLA class I assembly and transport to the 

cell surface. The different mechanisms may indicate 
that downregulation of HLA class I is based on clonal 
selection by continuous cytotoxic immune responses. 
This may be related to the presence of antigenic pep-
tides that are related to malignant transformation or 
disease progression. However, downregulation of HLA 
class I generally induces activation of natural killer 
(NK) cells. These cells contain HLA class I specific 
inhibitory receptors and are sparse in the reactive infil-
trate of cHL. The inhibitory receptors can also be 
engaged by a nonclassical HLA class I like molecule 
known as HLA-G. In about two thirds of HLA class I 
negative cHL cases, the HRS cells indeed express 
HLA-G [76]. Besides NK cell inhibition, HLA-G 
might also induce Treg cells and inhibit cytotoxic T 
cell responses.

4.3.2.1 � HLA Class I Expression

In contrast to EBV− cHL, 70–80% of EBV+ cHL 
patients show cell surface expression of HLA class I 
and b2-microglobulin at the time of diagnosis. This 
expression is usually particularly strong in mixed cel-
lularity subtype cases [5, 70]. Upregulation of HLA 
class I and HLA class II expression has been attributed 
to LMP1, but the function of this upregulation is enig-
matic, since it should make latent EBV-infected B cells 
more susceptible to immune recognition. In fact, in 
primary lytic EBV infection, HLA class I and HLA 
class II antigen-presenting pathways are strongly 
inhibited by EBV proteins. BNFL2a prevents peptide 
loading of HLA class I molecules by inhibiting the 
transporter of antigenic peptides (TAP). Viral IL-10 
also downregulates the expression of TAP1. In addition, 
viral IL-10 downregulates the low molecular protein 
bli/LMP2, which is a subunit of the immunoproteasome 
(not to be mistaken for the EBV LMP2 protein). BGLF5 
inhibits the synthesis of new HLA class I molecules and 
BILF1 downregulates HLA class I at the cell surface 
by inducing its endocytosis and subsequent lysosomal 
degradation. HLA class II function is inhibited by 
gp42/gH/gL, BGLF5, and viral IL-10 [71]. When the 
virus goes into latent infection, these immune escape 
mechanisms are no longer available. As the lytic gene 
products are switched off, the expression and function 
of HLA class I and class II are restored. Importantly, 
the cHL-associated EBV latent gene products LMP1, 
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LMP2, and EBNA1 are necessary for EBV-infected B 
cells to go through the germinal center reaction. At 
that time HLA class I and class II antigen-presenting 
functions might also be essential for B cell survival. It 
is generally accepted that HRS cells derive from ger-
minal center B cells and in EBV+ cHL it is likely that 
the tumor cell precursor expresses LMP1, LMP2, 
EBNA1, HLA class I, and HLA class II.

4.3.2.2 � HLA Class II Expression

HLA class II cell surface expression on HRS cells is lost 
in approximately 40% of all cHL patients. This absence 
is weakly related to extranodal disease, EBV-negative 
status, and absence of HLA class I cell surface expres-
sion. Lack of HLA class II expression has been associ-
ated with adverse failure free survival and relative 
survival, and is independent of other prognostic factors 
[70]. It can be hypothesized that antigen presentation in 
the context of HLA class II is involved in recruitment 
and activation of CD4+ T cells early in cHL pathogen-
esis. Under the influence of immunomodulating mecha-
nisms, these T cells are important in providing trophic 
factors for HRS cells and also have a role in inhibiting 
Th1 responses. In the initial stages of cHL pathogenesis, 
HRS cells are probably highly dependent on the reactive 
infiltrate and expression of HLA class II, but as the lym-
phoma develops this dependency may weaken because 
of alternative trophic and immunosuppressive strategies. 
Thus, downregulation of HLA class II without loss of 
viability of HRS cells might occur when the HRS cells 
have grown less dependent on the reactive infiltrate. 
This is supported by the association of downregulation 
of HLA class II with extranodal disease [70].

4.4 � Prognostic Impact of the 
Microenvironment

Several research groups studied the cHL reactive infil-
trate in relation to prognosis. Patients with a higher 
degree of mast cell infiltration or with tissue eosino-
philia have an adverse failure free survival, probably 
because the CD30L expression by these cell types is 
advantageous to the HRS cells [31, 32].

Large numbers of Th2 cells in the microenviron-
ment, as determined by c-Maf expression, correlates 

with improved disease free survival [9]. Also, increased 
numbers of infiltrating Treg cells seem to correlate 
with improved survival as this effect was observed in 
two out of three studies [9, 72, 73]. Accordingly, a 
high percentage of activated CTLs (CD8+/granzyme 
B+ T cells) is a strong indicator of unfavorable clinical 
outcome [74]. A high ratio of FoxP3 to CTL markers, 
granzyme B [73] or Tia-1 [72], gives the best predic-
tive value for a good prognosis. These results are unex-
pected since in other malignancies the presence of 
Tregs and the absence of CTLs is associated with 
adverse prognosis. One explanation might be that HRS 
cells are expected to behave more aggressively as they 
develop a stronger independency from the reactive 
infiltrate. In this situation a hostile microenvironment 
is allowed because the HRS cells have acquired alter-
native immunoevasive strategies. This theory fits with 
the adverse prognostic impact of absence of HLA class 
II expression.

4.5 � Conclusion

The microenvironment is a fundamental component of 
the tumor mass and an essential pathogenetic factor in 
cHL and LPHL. It supplies the tumor cells with growth 
factors and inhibits antitumor immune responses. In 
fact, it could be stated that “the infiltrate consists not of 
‘innocent bystanders’ but of ‘guilty opportunists’” [22]. 
As the tumor cells and the reactive infiltrate grow up 
together, there is an extensive cross-talk between these 
two components. The tumor cells actively attract and 
shape their environment for their own benefit and make 
use of a number of mechanisms to fend off antitumor 
immune responses.
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5.1 � Presenting Manifestations

Hodgkin lymphoma can come to clinical attention in a 
variety of ways. These include symptoms caused by a 
growing mass, systemic symptoms that are presum-
ably cytokine induced, and a diagnosis can be made 
incidentally as part of an evaluation for an unrelated 
problem. By far the most common presentation of 
Hodgkin lymphoma is enlargement of lymph nodes 
that is typically painless and progressive. Although the 
most common place for lymph nodes to be found is in 
the neck and supraclavicular region, any lymph node 
bearing area can be involved. Patients typically find 
enlarged nodes above the clavicle and seek medical 
attention when they do not regress, while physicians 
are relatively more likely to discover lymph nodes in 
other areas as part of a physical examination. 
Mediastinal lymphadenopathy is a particularly com-
mon finding in young women with Hodgkin lym-
phoma. This might be found incidentally on a chest 
X-ray or can be symptomatic. Although unusual, 
patients with Hodgkin lymphoma can present with 
superior vena cava syndrome, but chest pain or short-
ness of breath are more common symptoms caused by 
a large mediastinal mass. Lymphadenopathy found 
only below the diaphragm is more common in males 
and in elderly patients. Mesenteric lymphadenopathy 
is unusual in Hodgkin lymphoma. Retroperitoneal 
lymphadenopathy can be painful, but is more com-
monly asymptomatic and found on a staging evalua-
tion or as part of the investigation to explain system 
symptoms such as fever, night sweats, or weight loss. 
Epitrochlear lymph node involvement is unusual in 
Hodgkin lymphoma.

Hodgkin lymphoma can involve essentially any 
organ in the body as either a site of presentation or by 
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spread from lymphatic involvement. However, extran-
odal presentation of Hodgkin lymphoma is unusual. 
The most common sites to be involved are the spleen, 
liver, lungs, pleura, and bone marrow, although Hodgkin 
lymphoma confined to these sites is rare. Hodgkin lym-
phoma can rarely present in unusual extranodal sites. 
Primary CNS [1] and cutaneous [2] Hodgkin lym-
phoma are rare but well described. Perianal presenta-
tions are seen more commonly in patients with HIV 
infection. Gastrointestinal system, bone, genitourinary 
system, and other unusual sites are extremely rare but 
have been described. Bone involvement can be seen  
as an “ivory vertebrae” – i.e., a densely sclerotic verte-
brae [3].

By the far the most common systemic symptoms 
that occur as the presenting manifestations of Hodgkin 
lymphoma are fevers, night sweats, weight loss, pruri-
tus, and fatigue. These occur in a minority of patients 
but can present diagnostic challenges. Hodgkin lym-
phoma is one of the illnesses that can cause fever of 
unknown origin. Occasionally the fevers of Hodgkin 
lymphoma occur intermittently with several days of 
fevers alternating with afebrile periods. This is the 
Pel–Ebstein fever [4, 5] that is rare but particularly 
characteristic of Hodgkin lymphoma when it occurs. 
The fevers of Hodgkin lymphoma typically occur in 
the evening and often can be prevented with nonsteroi-
dal anti-inflammatory drugs such as naproxyn [6].

The presence of drenching night sweats (i.e., as 
opposed to dampness of the head and neck) and unex-
plained weight loss are both characteristic of Hodgkin 
lymphoma and, along with fever, are associated with a 
poor prognosis. Pruritus can be the presenting manifes-
tation of Hodgkin lymphoma. Such patients sometimes 
have severely excoriated skin and sometimes have been 
diagnosed as having neurodermatitis. Patients who 
present with refractory pruritus are often grateful to 
find the explanation of their symptoms which usually 
disappear with the initiation of therapy. As with other 
lymphomas, fatigue can be an important, although 
nonspecific, symptom and also usually improves with 
therapy. There are many unusual, but well-described, 
presentations for Hodgkin lymphoma. One rare but 
very characteristic presentation is alcohol-induced pain 
[7, 8]. The pain typically begins soon after drinking 
alcohol and occurs primarily in areas of involvement 
by lymphoma. The pain can be quite severe and last for 
variable periods of time. Patients with the symptom 
have often discontinued alcohol before the diagnosis of 

Hodgkin lymphoma, and to elicit the symptom often 
requires specific questioning by the physician.

Patients can present with Hodgkin lymphoma 
involving the skin, but cutaneous abnormalities are 
more often paraneoplastic phenomenon. These can 
include erythema nodosum [9], icthyosiform atrophy 
[10], acrokeratosis paraneoplastica [11], granuloma-
tous slack skin [12], nonspecific urticarial, vesicular, 
and bullous lesions [13], and others.

A variety of other unusual presentations of Hodgkin 
lymphoma have been reported. Patients can present 
with nephrotic syndrome [14], the symptoms of hyper-
calcemia [15–17], and jaundice due to cholestasis with-
out involvement of the liver by the lymphoma [18, 19].

Hodgkin lymphoma rarely presents with a primary 
tumor in the CNS causing the symptoms of a brain 
tumor characteristic of the site of involvement. Other 
neurological manifestations that can be present at the 
diagnosis of Hodgkin lymphoma include a variety of 
paraneoplastic syndromes. These include paraneo-
plastic cerebeller degeneration [20], which typically 
presents with ataxia, dysarthria, nystagmus, and diplo-
pia. The symptoms may precede the diagnosis of 
Hodgkin lymphoma by many months. Hodgkin lym-
phoma can, of course, present with spinal cord com-
pression from retroperitoneal and osseous tumors. 
Other rare manifestations include limbic encephalitis 
(i.e., which presents with memory loss and amnesia), 
peripheral neuropathy, and others.

5.2 � Physical Findings and  
Laboratory Abnormalities

By far the most common physical findings in Hodgkin 
lymphoma are enlarged lymph nodes that might be in 
any lymph node bearing area. The lymph nodes are 
typically firm (i.e., “rubbery”) and vary from barely 
palpable to large masses. However, almost any aspect 
of the physical examination can be made abnormal by 
the presence of Hodgkin lymphoma. This might 
include icterus, involvement of Waldeyer’s ring, find-
ings of superior vena cava syndrome, a sternal or 
suprasternal mass from tumor growing out of the medi-
astinum, findings of a pleural effusion or pericardial 
fusion, an intra-abdominal mass, hepatomegaly or 
splenomegaly, skin involvement, and, rarely, cutane-
ous or neurological abnormalities.
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Almost any laboratory test can be abnormal at the time 
of diagnosis of Hodgkin lymphoma, but certain tests are 
characteristic and should be specifically evaluated. 
Patients can have leukocytosis or leukopenia. Neutrophilia 
and lymphopenia are sometimes seen, with the latter hav-
ing a poor prognosis. Eosinophilia can be found inciden-
tally before the diagnosis of Hodgkin lymphoma, and 
Hodgkin lymphoma should always be included in the dif-
ferential diagnosis of unexplained eosinophilia [21]. In 
some cases, the explanation of the eosinophilia is related 
to production of interleukin-5 by the tumor cells [22, 23].

The most common hematological manifestation of 
Hodgkin lymphoma is anemia. The most usual expla-
nation seems to be a normocytic anemia associated 
with the presence of the tumor that resolves after ther-
apy. However, patients can also have autoimmune 
hemolytic anemia [24] and a microangiopathic hemo-
lytic anemia as part of the syndrome of thrombotic 
thrombocytopenic purpura.

Patients can present with thrombocytopenia for a 
variety of reasons including hypersplenism and bone 
marrow involvement. However, idiopathic thrombocy-
topenic purpura can be a presenting manifestation of 
the disease [25].

Other rare hematological manifestations of Hodgkin 
lymphoma have included autoimmune neutropenia 
[26], hemophagocytic syndrome [27], coagulation fac-
tor deficiencies [28], and unexplained microcytosis 
[29], and thrombotic thrombocytopenia purpura has 
been seen rarely.

Routine chemistry screening should be done in 
patients with Hodgkin lymphoma and might reveal 
renal or hepatic dysfunction, protein abnormalities, 
hypercalcemia, and hyperuracemia.

Elevated erythryocyte sedimentation rate and 
C-reductive protein are frequently seen and have been 
associated with a poor prognosis.

5.3 � Pathologic Diagnosis: The Biopsy

The oncologist must be certain that the Hodgkin lym-
phoma diagnosis was based on an adequate biopsy 
specimen that was examined using appropriate mor-
phologic and immunohistochemical criteria. Whole 
lymph node excision is preferable for pathologic 
examination. The pathologic diagnosis of Hodgkin 
lymphoma is fully discussed in Chap. 4.

The site of biopsy must be determined with the 
radiologist and surgeon. The largest abnormal periph-
eral lymph node should be excised. However, at cer-
tain sites such as the mediastinum, the removal of a 
bulky lymph node (>5 cm) can lead to major surgery, 
with a risk of complications or sequelae. Fairly often, 
only a limited biopsy of the node is performed. On the 
other hand, too small a lymph node may only be a 
reactive hyperplasia. If a fluorine-18-deoxyglucose 
positron emission tomography (FDG-PET-CT) has 
been performed, the patient should be biopsied in the 
most avid site to avoid a partially necrotic zone.

If there are only deep node lesions, the following 
types of biopsy can be proposed.

A thoracoscopic or laparoscopic approach under 
general anesthesia, with, if necessary, preopera-
tive localization to facilitate resection is now 
widely used [30].
Image-guided core needle biopsy is increasingly 
used and has a rising success rate of more than 90% 
[31–33]. However, the method has the disadvan-
tage of only permitting relatively small biopsies, 
although progress has been made with automated 
guns and a coaxial technique. In addition, this type 
of biopsy is capable of sampling several core speci-
mens with a single biopsy tract. Large-volume cut-
ting needles, ranging from 18 gauge to 14 gauge, 
yield enough tissue for most immunochemistry 
stainings and even for RNA extraction from frozen 
tissue (Fig. 5.1). Moreover, this inexpensive proce-
dure, performed under local anesthesia, can easily 
be done in a reference center outpatient clinic.

In an experienced center, a multidisciplinary approach 
with skilled trained radiologists working in conjunc-
tion with experienced pathologists should immediately 
start with image-guided core needle biopsy. In case of 
failure, video-assisted surgery should be performed. In 
most situations, open surgery can be avoided as a first 
diagnosis procedure in the absence of peripheral lymph 
nodes. Fine needle aspiration cytology should not be 
used for diagnosis of Hodgkin lymphoma, but may 
help in a screening procedure, before biopsy [34].

A second biopsy can be considered at five stages:

1.	 At initial diagnosis, when Hodgkin lymphoma is 
diagnosed from a biopsy of an extranodal site, a 
node biopsy is desirable to confirm the diagnosis, 
unless the latter is considered unequivocal
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2.	 When the amount of tissue is insufficient for  
adequate immunostaining or molecular biology 
studies

3.	 When, after functional imaging with a PET scan, 
avidity is seen in a noncontiguous lesion, and 
induces changes in stage and/or therapy

4.	 When the treatment is evaluated, especially in cases 
of persistent avidity on PET scan

5.	 During follow-up, when a new lesion is seen on CT 
scan, indicating a probable relapse

In case of a second biopsy, the difficulties of sampling 
artifacts should be taken into account, especially in 
irradiated areas. In such situations, the anatomic loca-
tion very often requires a video-assisted surgical 
approach or an image-guided core biopsy.

These procedures are less aggressive than tradi-
tional biopsy methods, and in conjunction with the use 
of the PET scan, are significantly improving patient 
management, as they provide more accurate defini-
tions of response and relapse.

Several pathologic pitfalls or differential diagnoses 
should be kept in mind.

Drugs such as phenytoin or antibiotics may cause 
histologic changes within lymph nodes that may mimic 
Hodgkin lymphoma, particularly the mixed cellularity 
subtype. Other benign conditions like infectious mono-
nucleosis, lymphoid hyperplasia, or Castleman disease 
may produce lymphadenopathy with histologic fea-
tures similar to those of Hodgkin lymphoma. In fact, 
the distinction between different diseases, including 
certain forms of non-Hodgkin lymphoma (NHL), has 
been made clearer thanks to a better definition of the 
entities by the WHO classification. T-cell-rich large 
B-cell lymphoma is usually included in the differential 
diagnoses of both nodular lymphocyte-predominant 
Hodgkin lymphoma and classical Hodgkin lymphoma, 
while anaplastic CD30-positive NHL may display 
similar histology to that of classical Hodgkin lym-
phoma. Nevertheless, molecular studies require ade-
quate material, including frozen tissue in difficult 
cases, and the role of the clinician is to make sure that 

Fig. 5.1  Core needle biopsy for Hodgkin lymphoma with immunostainings for CD15 and CD30
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the node to be analyzed is given to an experienced net-
work laboratory. If the clinical presentation of disease 
is not typical for the given pathologic diagnosis, then a 
review of the pathology by an expert hematopatholo-
gist should be considered, or even a second biopsy.

5.4 � Staging Systems for  
Hodgkin Lymphoma

The initial clinical evaluation and staging of patients 
with Hodgkin lymphoma serve to confirm the Hodgkin 
lymphoma diagnosis, determine the extent and distri-
bution of disease, evaluate the patient’s fitness for stan-
dard treatments, and provide prognostic information 
(Table 5.1).

Several staging systems were developed very early 
and modified according to the progress made in the 
knowledge, imaging, and treatment of the disease. The 
Ann Arbor Staging of Hodgkin disease was developed in 
the 1970s, when radiotherapy was the main curative treat-
ment option, and was based on the tendency of Hodgkin 
lymphoma to spread to contiguous lymph nodes [35].

Since the Ann Arbor staging, several significant 
changes in the management of Hodgkin lymphoma 
have taken place.

The Cotswolds modification of the Ann Arbor stag-
ing system was introduced in 1989, to approve the use 
of CT scanning for the detection of intra-abdominal 
disease, to formalize a definition of disease bulk, and 
to provide guidelines for evaluating the response to 
treatment (Table 5.2) [36]. This staging classification 
provides a basis for selecting the initial treatment and 
has been widely adopted by most clinical trial groups. 
Additional factors have been recognized (e.g., tumor 
bulk and the number of sites of disease) that adversely 
affect the prognosis of patients with a localized stage 
treated by radiation alone. A prognostic factor score 
for advanced Hodgkin lymphoma treated by chemo-
therapy has been worked out, based mostly on biologi-
cal parameters, including serum albumin <4  g/dL, 
hemoglobin <10.5  g/dL, male sex, stage IV disease, 
age >45 year, white cell count >15,000/mm3, and lym-
phocyte count <600/mm3 [37].

These prognostic factors are used to define risk-
adapted therapy. However, as combined modality treat-
ment with modern chemotherapy has become standard 
procedure for patients with early-stage disease, the risk 

Mandatory for the 
Cotswolds classification

Histology and 
immunophenotyping
Individual and familial history, 
clinical examination as per 
Cotswolds recommendations
Blood counts and routine 
workup: ESR, LDH, alkaline 
phosphatase, albumin, liver 
function, b2-microglobulin, 
virology Chest radiograms:  
CT of chest, abdomen, and 
pelvis; bone marrow biopsy  
if indicated

Recommended for 
disease assessment

FDG-PET-CT

Recommended for 
toxicity assessment

Heart: ECG, MUGA, or 
echocardiogram
Pulmonary: lung function tests
Thyroid and gonadal functions: 
FSH, LH, and TSH (semen 
analysis and sperm storage)
Psychosocial adaptation

Table  5.1  Recommended studies for initial evaluation of 
Hodgkin lymphoma

Stage Definitions

I Involvement of a single lymph node region or 
lymphoid structure (e.g., spleen, thymus, 
Waldeyer ring)

II Involvement of two or more lymph node 
regions on the same side of the diaphragm (the 
mediastinum is a single site; hilar lymph 
nodes are lateralized); the number of anatomic 
sites should be indicated by a suffix (e.g., II3)

III Involvement of lymph node regions or 
structures on both sides of the diaphragm

III
1

With or without splenic, hilar, celiac,  
or portal nodes

III
2

With para-aortic, iliac, and/or  
mesenteric nodes

IV Involvement of extranodal site(s)  
beyond that designated E

Table 5.2  Cotswolds modifications of the Ann Arbor staging 
system

Annotation:
A, no B-symptoms
B, fever, drenching sweats, or weight loss
X, bulky disease, >1/3 mediastinal widening at T5-6, or >10 cm 
maximum dimension of nodal mass
E, involvement of a single extranodal site, contiguous or proxi-
mal to a known nodal site
CS clinical stage; PS pathologic stage
Reprinted from [36] with permission
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of relapse is reduced and some of these factors are no 
longer associated with a high risk of relapse. In addi-
tion, computed tomography (CT) and fluorine-18-deox-
yglucose positron emission tomography (FDG-PET-CT) 
are now routinely used for the staging and evaluation of 
the early response to treatment. PET-CT provides reli-
able information on its efficacy.

5.5 � Imaging Evaluation  
of the Extent of Disease

Thanks to the progress and availability of imaging 
techniques, it has been possible to improve the accu-
racy of clinical staging, so that invasive pathologic 
procedures are no longer necessary. At present, the 
established radiological technique for the diagnosis of 
lymphoma is computed tomography [38]. Investigations 
should include posteroanterior and lateral chest radi-
ography. In some clinical trials, measurements of the 
mediastinal mass (or the ratio of mass diameter to 
chest dimensions) on chest X-ray correlated with the 
prognosis and were used to assign treatment. A CT of 
the neck, thorax, abdomen, and pelvis should be per-
formed. Intravenous contrast allows lymph nodes to be 
distinguished from vessels seen in cross-section. As 
the neck volume encompassed by modern involved-
field radiotherapy varies depending on the presence 
and location of enlarged neck nodes at diagnosis, inad-
equate neck imaging may lead to unnecessary over-
treatment of the neck, if the radiation oncologist is 
unable to determine the extent of disease prior to 
treatment.

Although clinical staging based on peripheral lymph 
node examination is usually straightforward, staging at 
other sites can be problematic. Occasionally, CT imag-
ing may reveal unclear findings in the spleen or liver. 
Spleen or liver enlargement does not always imply 
involvement. Ultrasonography may occasionally be 
required to rule out the presence of solid lesions, and 
MRI may characterize liver abnormalities better when 
CT findings are ambiguous.

However, the failure of CT to provide functional 
information can impede the identification of disease in 
normal-sized tissue [39]. An alternative to CT is FDG-
PET, which is based on the increased glycolysis of 
cancer cells. This is visualized using the radioactive 
glucose analog FDG, which after phosphorylation is 

metabolically trapped within the cell. Thus, in addition 
to CT, FDG-PET has become an established imaging 
modality to stage, restage, and monitor therapy and 
detect recurrent lymphoma. PET and CT, which 
respectively supply metabolic and anatomic informa-
tion, are complementary, and interpretation of the PET 
portion of the study is more accurate when the results 
of PET correlate with those of CT [40, 41]. Therefore, 
by 2000, integrated PET/CT systems were developed 
which are now standard care.

The use of FDG-PET in conjunction with CT is 
strongly recommended for the staging of Hodgkin 
lymphoma patients [53], because it is more sensitive 
than gallium imaging, and compared to CT-based 
imaging alone, FDG-PET changes the stage in approx-
imately 25% of Hodgkin lymphoma patients. Most of 
these changes result in upstaging, and often, in treat-
ment modifications. However, a major limitation of 
studies of the value of FDG-PET in Hodgkin lym-
phoma staging is the absence of biopsy findings to 
determine the discrepancies between CT and FDG-
PET findings. In clinical practice, it is preferable for 
these two imaging modalities to indicate the same 
stage of disease before proceeding with treatment.

It is important that imaging results be interpreted 
within the framework of the known patterns of spread, 
and other prognostic factors. A certain degree of varia-
tion in the size of mediastinal and hilar nodes is nor-
mal, but those measuring more than 10  mm on the 
shortest cross-section can be considered abnormal. 
However, although clearly abnormal findings on CT 
scanning may be indicative of Hodgkin lymphoma, 
there is a risk of false positives, particularly in the 
abdomen, when interpreting these findings. Therefore, 
when lymph nodes in the 15- to 20-mm range are seen, 
further evaluation by FDG-PET-CT is warranted.

As previously stated [36], the 1989 Cotswolds 
modification to the Ann Arbor staging system explic-
itly indicated that involvement of extralymphatic tis-
sue on one side of the diaphragm due to the direct 
extension of nodal disease should be staged according 
to the nodal volume, with an associated extranodal (E) 
designation [36]. This was determined on the basis of 
data indicating that patients with this presentation had 
a better prognosis than patients with stage IV disease, 
and it was implied that their prognosis was comparable 
to that of patients with disease confined to the lymph 
nodes [36]. However, treatment of this presentation 
should be confined to a tolerable radiation field and the 
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delivery of radical but safe irradiation doses. Substantial 
variations in stage assignment have nevertheless been 
demonstrated among patients with extranodal involve-
ment, specifically as regards the distinction between 
stage IV and early-stage extranodal disease. Thus, 
even experienced oncologists vary in their stage assign-
ment of patients with nearby but discontinuous extran-
odal involvement [42]. However, the involvement of 
two or more noncontiguous extranodal sites should 
typically be considered indicative of stage IV disease. 
The use of risk-adapted treatment with chemotherapy 
has reduced the importance of such factors.

The definition of bulk has varied considerably in 
the literature. For the mediastinum, the most widely 
accepted definition involved measuring the greatest 
transverse diameter of the mediastinal mass on a stan-
dard posteroanterior chest radiograph and dividing it 
by the maximal diameter of the chest wall at its pleu-
ral surfaces, usually at the level of the diaphragm or 
alternatively, at the T5-6 interspace (Cotswolds 
approach). A ratio exceeding one third (1:3) was con-
sidered bulky, and a negative feature among patients 
treated with RT alone or chemotherapy alone. There 
are no widely accepted criteria for the definition of 
bulk using measurements obtained from CT scans: the 
Cotswolds Committee recommended that to constitute 
bulk, a nodal mass must be greater than 10  cm in 
diameter [36], whereas in recent and ongoing trials, 
bulk was defined as confluent nodal masses greater 
than 7 cm [43].

5.6 � Clinical Evaluation During Therapy

Clinical evaluation during treatment is an important 
component of the individualization of treatment inten-
sity. Re-evaluation should be made prior to each cycle 
of chemotherapy, to monitor the resolution of lymph-
adenopathy, and identify acute toxicities that may 
require changes in treatment. If palpable lymphade-
nopathy was not present when treatment started, 
images should be obtained after every two or three 
cycles of chemotherapy.

A rapid early response to initial therapy is increas-
ingly recognized as a favorable prognostic factor 
among Hodgkin lymphoma patients and is being stud-
ied as a means to guide the overall intensity of a course 

of treatment. Response can be evaluated by CT, or bet-
ter still, FDG-PET CT, after two or three cycles of che-
motherapy. Performing PET early during treatment 
has also proved to be prognostically important and has 
been incorporated into the response criteria. Thus, a 
recent meta-analysis demonstrated that for low- to 
intermediate-risk Hodgkin lymphoma patients, PET 
may be a good prognostic indicator after a few cycles 
of standard chemotherapy [44].

Recommendations by several authors suggest that 
PET should be carried out just before the next cycle of 
therapy, and within 4 days previously [45]. Midtreatment 
PET has been tested in recent and ongoing randomized 
clinical trials to determine the duration or type of treat-
ment, including salvage therapy in the disseminated 
stage. However, it is not yet quite clear whether chang-
ing the treatment radically changes the outcome.

5.7 � Definition of the  
Response to Treatment

Prior to 1999, response criteria for malignant lym-
phoma varied among study groups and cancer centers. 
Therefore, an international working group (IWG) 
comprising experts in the evaluation of NHL published 
a set of guidelines to standardize response criteria for 
NHL [46]. Although these guidelines were open to 
various interpretations and did not include PET evalu-
ation as part of their assessment strategy, they were 
widely adopted by clinicians and regulatory bodies. 
However, an increase in the widespread use of FDG-
PET for response assessment has prompted a need to 
re-evaluate and update the IWG criteria. For this pur-
pose, an international harmonization initiative was set 
up to incorporate the rapid advances in FDG-PET 
technology that have occurred in the past 5 years into 
guidelines for performing and interpreting FDG-PET 
in malignant lymphoma including Hodgkin lymphoma, 
both in clinical trials and standard practice [47, 48]. 
For most cooperative groups, the updated Cheson cri-
teria have replaced the Cotswold criteria for assessing 
the response to therapy (Table 5.3).

One of the main criticisms of the 1999 guidelines 
relating to the interpretation of an unconfirmed com-
plete response (CRu) is the definition of a residual 
mass. One of the advantages of PET is that it can 
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distinguish between a viable tumor, and necrosis or 
fibrosis in residual disease [49]. In this connection, a 
retrospective study carried out by Juweid et al. demon-
strated that the integration of PET into the IWG crite-
ria increased the number of confirmed complete 
responses (CRs), thus eliminating the need for the 
CRu category [50]. That is why, the revised criteria 
state that in routinely FDG-avid lymphomas such as 
diffuse large B-cell lymphoma and Hodgkin lym-
phoma, all patients with a negative PET are classified 
as CR, regardless of the presence of a residual mass on 
CT. In cases where PET shows the presence of residual 
disease (i.e., in PET-positive patients), the patient is 
considered to exhibit a partial response, stable disease, 
or progressive disease on the basis of the response 
shown by CT, and the CRu category is eliminated 
(Table 5.1) [47].

In patients with advanced-stage disease who are 
treated by chemotherapy alone, the response should be 
assessed 1 month after the completion of treatment, on 
the basis of clinical findings and of the same imaging 
investigations as those that gave abnormal results at 
presentation (typically CT and PET). However, as 
false-positive PET scans may occur shortly after RT, 
repeat imaging should be done later for patients treated 
by combined therapies, provided they are clinically 
well. If there is any doubt about the response to treat-
ment, they should be re-evaluated. Note that after the 
completion of treatment, regression of disease may be 

slow, and a residual fibrotic mass may still be visible 
on a chest radiograph or CT images.

5.8 � Complete Remission

The patient has no clinical, radiologic, or other evi-
dence of Hodgkin lymphoma. Changes due to the 
effects of previous therapy (i.e., radiation fibrosis) 
may, however, be present.

The category (CRu) has been eliminated from the 
updated response criteria and now denotes patients 
whose remission status is unclear, because they dis-
play no clinical evidence of Hodgkin lymphoma, but 
some radiologic abnormality that persists at a site of 
previous disease. In this respect, it is generally recog-
nized that imaging abnormalities may persist follow-
ing treatment, and do not necessarily signify active 
disease [51].

This definition of unconfirmed or uncertain remis-
sion is still helpful in the absence of FDG-PET, when 
reviewing a clinical case. However, it must be borne in 
mind that after mediastinal RT, thymic rebound, reac-
tive lymph node hyperplasia, or subclinical radiation 
pneumonitis may lead to abnormalities on FDG-PET 
[52]. To avoid false-positive interpretations, some 
authors recommend that FDG-PET re-evaluation 
should be delayed until 3 months after the completion 

Response IWG [46] New Cheson criteria including PET [47], PET 
positive if uptake >mediastinum (lesions >2 cm), 
>local background (lesions <2 cm)

CR Disappearance of all detectable disease CR, CRu, PR, or SD by IWG criteria and PET 
completely negative; BMB negative

LN >1.5 cm must decrease to £1.5 cm

CRu LN >1.5 cm No longer exists
SPD decrease >75%
Indeterminate bone marrow

PR SPD regressed >50% CR, CRu, PR by IWG criteria, and PET positive in at 
least one previously affected site

SD SPD decrease £50% but no  
progressive disease

SD by IWG criteria and PET positive in previously 
affected sites

PD/relapse New lesion PD by IWG criteria and PET should be positive on 
the new or increased lesion if >1.5 cmSPD increase >50% from nadir of any LN

Table 5.3  Summary of the new Cheson guidelines for positron emission tomography/computed tomography

BMB bone marrow biopsy; CR complete response; CRu unconfirmed complete response; CT computed tomography; IWG interna-
tional working group; LN lymph nodes or nodal masses; PD progressive disease; PET positron emission tomography; PR partial 
response; SD stable disease; SPD sum of the products of the greatest diameters
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of mediastinal RT, although the characteristic appear-
ance of post-RT lung changes occurring before 3 
months can usually be distinguished from lymphoma 
by experienced nuclear radiographers [53].

The inclusion of PET in the new response criteria 
and the removal of CRu have simplified the manage-
ment of lymphoma patients by removing some of the 
limiting factors of CT, which include the size of lymph 
nodes that indicates involvement, the differentiation of 
unopacified bowel from lesions in the abdomen and 
pelvis, inability to distinguish viable tumor from 
necrotic/fibrotic lesions after therapy, and the charac-
terization of small lesions. However, even though PET 
has eliminated many of the limitations attributed to 
CT, it has several disadvantages, including limited 
resolution, inaccurate localization of the abnormali-
ties, and physiologic variations in FDG distribution. 
PET and CT are therefore complementary, and conse-
quently a combined PET/CT examination, when avail-
able, should become part of clinical practice, rather 
than choosing either PET or CT separately [54].

5.9 � Partial Remission

Partial remission is defined as a decrease of at least 
50% in the sum of the products of the largest perpen-
dicular diameters of all the measurable lesions. This 
would include patients with an abnormal but improved 
PET scan. Other manifestations of disease (e.g., 
B-symptoms) should also improve. As described 
above, re-imaging and/or re-biopsy to detect persistent 
active disease should be aggressively undertaken if the 
results can be expected to have a marked effect on 
treatment decisions (e.g., if the patient is a candidate 
for aggressive salvage therapy).

5.10 � Progressive Disease

Progressive disease is defined as an increase of 25% or 
more in the size of a least one measurable lesion, the 
appearance of a new lesion, or the recurrence of 
B-symptoms that cannot be otherwise explained.

Most lymphoma patients will become PET negative 
after two to three cycles of standard chemotherapy, 
and response assessments based on the new Cheson 

criteria are proving to be robust and highly predictive 
of outcome [55, 56]. However, false-positive lesions 
occur more frequently at earlier time, particularly with 
intensified treatment schedules, and preliminary results 
indicate that the accuracy of PET differs, depending on 
the treatment given.

5.11 � Follow-Up Management

The manner in which patients are evaluated after com-
pleting treatment may vary according to whether treat-
ment was administered in a clinical trial or clinical 
practice, or whether it was delivered with curative or pal-
liative intent. In a clinical trial, uniformity of reassess-
ment is necessary to ensure comparability among studies 
with respect to the major end points of event-free sur-
vival, disease-free survival, and progression-free survival. 
Good clinical judgment, careful recording of history, and 
thorough physical examination are the most important 
components of patient monitoring after treatment. To 
obtain the necessary clinical indications, additional test-
ing at follow-up visits should include blood count and 
serum chemistry, including measurement of lactate dehy-
drogenase and other blood parameters, and imaging stud-
ies. Persistent elevation of the sedimentation rate, while 
not a diagnostic criterion of active Hodgkin lymphoma, 
indicates the need for very close surveillance [57].

There is no evidence to support the need for regular 
surveillance CT scans, because the patient or physician 
identifies the relapse in more than 80% of cases with-
out imaging studies [58].

Once therapy, restaging, and response assessment 
have all been completed, follow-up guidelines vary, but 
most of them recommend that patients be seen at inter-
vals of about 3 months during the first and second years 
after therapy, 4-month intervals in the third year, 6-month 
intervals in the fourth and fifth years, and annually there-
after. Few Hodgkin lymphoma recurrences occur after  
5 years. The frequency and type of radiologic imaging 
during follow-up should primarily be based on the initial 
sites of disease and the risk of relapse [59].

Although some clinicians perform routine CT re-
imaging in asymptomatic patients, the results of three 
studies suggest that the yield of routine imaging in 
asymptomatic patients is low [60–62].

FDG-PET has also been suggested as a potential 
tool for the detection of relapse. In a prospective study 
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of 36 Hodgkin lymphoma patients, the authors found 
that routine FDG-PET correctly identified all the five 
relapses that occurred following treatment [63]. However, 
the false-positive rate was 55%, 6/11 patients with abnor-
mal FDG-PET did not have their relapse confirmed, and 
2/5 of the relapsed patients developed symptoms shortly 
after relapse detection by FDG-PET, so that the benefit 
of this imaging was unclear.

5.12 � Conclusion

The careful and accurate clinical evaluation of patients 
with Hodgkin lymphoma from presentation to follow-
up in remission has a significant impact on treatment 
outcome. The ability to perform an excellent history  
and physical, and knowledge regarding when, where,  
and how to perform laboratory evaluations, images, and 
biopsies are necessary for excellent care.
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6.1 � Introduction

Hodgkin lymphoma (HL) is a highly curable disease, 
with more than 90% of patients still alive and 80% 
considered cured 6 years after treatment [1]. These 
rewarding results have been obtained by a combination 
of factors influencing treatment outcome in different 
ways. These can be briefly summarised: (a) an increas-
ing accuracy of staging procedures; (b) different treat-
ment strategies tailored to well-defined categories of 
patients with a different risk of treatment failure; (c) a 
peculiar neoplastic tissue architecture, different from 
the one of more frequent lymphoma subtypes such as 
diffuse large B-cell lymphoma (DLCBL) or follicular 
lymphoma (FL); and (d) a high chemosensitivity and 
radiosensitivity of the tumour.

Perhaps no other haematologic tumour has been the 
object of such accurate staging definitions as HL, using 
a wide array of radiology, nuclear medicine or even 
surgical procedures, ranging from chest X-ray to stag-
ing laparotomy [2]. Computerised tomography (CT) is 
the cornerstone procedure for staging and response 
assessment. However, as CT uses size criteria to distin-
guish between normal and malignant tissue, it cannot 
detect involved nodes under a certain size. Moreover, 
response assessment with CT uses changes in tumour 
size as the main criterion. But tumour shrinkage takes 
time, and since a residual HL mass can take years after 
treatment to disappear, CT does not provide an early 
assessment of therapy response [3]. This challenge is 
met by functional imaging, which is dependent on 
tumour metabolism rather than anatomy.

HL is considered one of the most chemosensitive 
haematological neoplasms, but the biological mecha-
nism for this phenomenon is unclear. A possible 
explanation could be found in the peculiar neoplastic 
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architecture of the tumour: only a few scattered neo-
plastic cells (Hodgkin and Reed-Sternberg cells), 
accounting for less than 1% of the total cell count of 
the neoplastic tissue, are surrounded by a population 
of seemingly non-neoplastic mononuclear bystander 
cells [4]. The production of chemokines by tumour 
cells is possibly responsible for this organisation of 
the neoplastic architecture. The Hodgkin and Reed–
Stenberg (HRS) cells produce the chemokines thymus 
and activation-regulated chemokines (TARC-CCL7) 
and macrophage-derived chemokines that selectively 
recruit CCR4-expressing cell subsets, including 
eosinophils, histiocytes, macrophages, plasma cells, 
and Th2 and Treg lymphocytes, which are all readily 
detected at tumour sites. There is convincing evi-
dence that forced expression of CCR4 in these cells 
provides them with the capacity to migrate towards a 
TARC gradient, so that the functionality of this 
receptor is not restricted to the subset of T cells in 
which it is physiologically expressed [5]. These cells 
are metabolically very active and are in turn respon-
sible for the production of chemokines that enables 
them to recruit accessory cells and ensure HRS cell 
immortalisation. Chemotherapy can switch off the 
chemokine production of HRS cells, and preliminary 
observations have shown that serum TARC levels 
predict therapy response in HL patients [6]. Positron 
emission tomography (PET) using [18F]-fluoro-2-
deoxy-d-glucose (FDG) has emerged as a reliable 
tool to assess chemosensitivity when performed very 
early during standard-dose adriamycin, bleomycin, 
vinblastine and dacarbazine (ABVD) treatment in 
HL patients [7]. FDG-PET detects the metabolic 
silencing of the neoplastic tissue induced by chemo-
therapy, and likewise the persistence of a small 
chemoresistant clone with a high metabolic activity. 
Such early assessment of treatment response makes 
new therapeutic options possible, with treatment tai-
lored to the individual patient that may potentially 
lead to higher cure rates with less overall toxicity. 
Several clinical trials exploring the role of early PET-
response-adapted therapy have been initiated world-
wide [8].

Functional imaging includes a large number of 
nuclear medicine procedures as well as certain applica-
tions of magnetic resonance imaging (MRI). However, 
apart from relatively rare exceptions (bone scintigra-
phy, leukocyte scintigraphy in infected patients, lung 

scintigraphy), only gallium-67 scans and FDG-PET 
had a clearly defined role in the management of HL.

6.2 � Gallium Scan

6.2.1 � Staging

In 1969, Edwards and Hayes first proposed the poten-
tial use of gallium-67 (67Ga) citrate as a tumour tracer 
for HL [9]. Johnston studied 248 HL patients staged at 
baseline with gallium-67 scan and conventional radio-
logical methods such as CT scan and lymphangiogra-
phy [10]. Overall positive, negative and equivocal 
results were found in 56, 35 and 9% of the 1,308 nodal 
sites. Moreover, the accuracy of gallium scan and 
lymphangiography was evaluated in a subset of 149 
patients undergoing staging laparotomy. Sensitivity 
and specificity were 45 and 83%, respectively; positive 
and negative predictive values (PPV and NPV) were 
70 and 63%, respectively. A lower sensitivity was 
found in lymphocyte predominant disease than in clas-
sical HL. Andrews and Hagemeister, both using planar 
scintigraphy, evaluated the sensitivity in different 
affected nodal areas: overall, sensitivity was higher for 
superficial and mediastinal lesions (48–91%), and 
lower for abdominal nodes (47 and 48%) [11, 12]. 
Later on, several studies have investigated the role of 
high-dose gallium scan and the role of single-photon 
emission computed tomography (SPECT) as an imag-
ing technique. However, moving from 3–5  mCi 
(50 mCi/kg) to 7–10 mCi (120 mCi/kg) did not increase 
specificity (98 and 98%, respectively) nor sensitivity 
(64 and 66%, respectively) [12]. SPECT imaging 
slightly improved sensitivity from 78 to 85%, leaving 
the specificity unchanged (97 and 98%, respectively) 
[13]. However, in another study, sensitivity increased 
from 66 to 96% due to a higher detection of mediasti-
nal and retroperitoneal nodes [14].

6.2.2 � Chemotherapy Response

For post-treatment evaluation with gallium scans, high 
doses of Gallium-67 citrate (8–10 mCi) and the use of 
SPECT are essential [13]. Two crucial aspects of 
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chemotherapy response have been studied: (1) the 
assessment of a residual mass and (2) the prediction of 
disease-free survival (DFS) and overall survival (OS). 
It is well known that up to 64–80% of the patients have 
a residual mass after treatment of a bulky HL, despite 
a good response to therapy as shown by conventional 
restaging modalities [15]. Gallium scintigraphy 
should be performed at least 3 weeks after the end of 
treatment, to reduce both false-positive and false-neg-
ative results. Gallium-67 is a viability tracer and is 
taken up by viable tumour masses after therapy, as 
proven by biopsy [16]. The persistence of gallium 
uptake in a residual mass has been proven to predict 
both DFS and OS, with a specificity of 95% and sen-
sitivity of 60–96%, depending on the region of per-
sisting disease [17]. Treatment outcome has been 
efficiently predicted in HL by end-treatment gallium 
scan: for DFS the NPV was 84% and the PPV 80% 
(Front 1992). Similar results have been obtained by 
King in a cohort of 33 HL patients: NPV 92% and 
PPV 90% [18]. However, when the NPV post-therapy 
gallium scan was calculated according to stage, it 
was 92.4% for patients with stage I–II disease and 
64.5% for patients with stage III–IV disease [19].

6.2.3 � Chemosensitivity Assessment

In the beginning of the 1980s, in the pre-CT scan era, 
the early therapy response assessment with Gallium 
scans after three cycles of MOPP chemotherapy was 
already considered an important prognostic tool [20, 
21]. A decade later, Front demonstrated that gallium 
scans, performed after a single cycle of chemotherapy, 
predicted final treatment outcome accurately in a cohort 
of HL patients [22]. The NPV was very high; 22/24 
patients with a negative scan remained in sustained 
complete response. The PPV was 57%; however, only 
seven patients had a positive interim scan. 
Chemosensitivity assessment with gallium scans has 
been done also in patients with relapsing HL for whom 
salvage treatment with high-dose chemotherapy and 
autologous stem cell transplantation (ASCT) is planned. 
In a cohort of 174 patients with recurrent/refractory 
HL, gallium scan has been done after salvage chemo-
therapy with ESHAP (etoposide, methylprednisolone, 
cytarabine, and cisplatin) or ASHAP (doxorubicin, 

methylprednisolone, cytarabine, and cisplatin) just 
before ASCT. Thirty two of forty three (74%) patients 
with a positive gallium scan and 36/131 (24%) with a 
negative scan showed treatment failure [23].

6.2.4 � Follow-Up

Early diagnosis of HL recurrence is a very difficult 
task. So far only physical examination has shown an 
adequate sensitivity (80%), but unfortunately this 
method is limited to the superficial nodes [24]. Very 
few reports have been published on the role of sur-
veillance gallium scan in the follow-up of HL patients. 
In a mixed cohort of 68 patients affected by aggres-
sive B-cell lymphoma and HL, Front et al. evaluated 
the overall accuracy of gallium scan for detecting 
residual disease, when the scan was performed after 
an average of 8.7 months from diagnosis. The sensi-
tivity and specificity were 95 and 89%, respectively 
[25]. In this cohort of patients, scintigraphy antici-
pated the diagnosis of recurrence by a median of 6.7 
months. The authors stressed the role of gallium scan 
in detecting occult disease in the abdomen in 10 
patients where physical findings, ultrasonography and 
CT scans were negative.

Despite its clinical usefulness in certain situa-
tions, gallium scanning is a laborious and time-con-
suming procedure, with relatively high radiation 
doses. Gallium scans have largely been replaced by 
FDG-PET, as they have no clear advantages over this 
method.

6.3 � FDG-PET in Clinical Management  
of Lymphoma

6.3.1 � Basic Principles of PET

PET is a functional imaging modality based on mea-
surements of events related to the decay of positron-
emitting radioactive nuclides. These nuclides have 
excess protons which transform to neutrons under the 
emission of positrons (b+-decay). The positron ran-
domly travels 2–3 mm in the tissue before it annihilates 
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via collision with an electron and hereby emits two 
photons (each 511  keV) at an angle of almost 180°. 
The photons are registered by the ring of scintillation 
detectors in the PET scanner. Two 511  keV photons 
registered simultaneously (or within a very narrow 
time frame) by two opposing detectors are considered 
a coincidence event originating from positron annihila-
tion. A PET scanner holds several thousands of scintil-
lation detectors organised in detector rings. The 
detector rings are often separated by leaded ring colli-
mators (2D mode) in order to limit sources of noise in 
the PET images. Data acquisition can be either static 
or dynamic, and the data generated provide both quan-
titative information and images. The spatial resolution 
of PET is typically around 5 mm, limited by the num-
ber of detectors and by the random travel of the posi-
tron [26]. The unstable positron-emitting isotopes 
used in PET are produced by fusion of stable nuclei 
with other particles. This is possible in a cyclotron, in 
which the electrical repulsion between particles is 
overcome by accelerating particles up to 30% of the 
speed of light with a beam towards the target [27]. A 
radiochemistry laboratory is needed to attach the iso-
topes to relevant tracer molecules. The most common 
PET isotopes molecules are 15O, 13N, 11C and 18F [28]. 
PET tracers of relevance to oncology target glucose 
metabolism, hypoxia, blood flow, proliferation, amino 
acid transport, protein synthesis, DNA synthesis, 
apoptosis and specific receptors.

Fusion PET/CT scanners incorporate the hardware 
of high-resolution CT and PET into one scanner, so 
that PET and CT as well as fusion images are obtained 
in one scanning session. PET/CT scanners have been 
available commercially since the late 1990s and very 
few single-modality PET scanners are sold now. PET/
CT has obvious advantages over PET, including better 
anatomical localisation as well as easier distinction 
between pathological findings and normal physiologi-
cal uptake [29].

6.3.2 � The FDG Tracer

The glucose analogue 2-[18F]fluoro-2-deoxyglucose 
(FDG) is the most versatile and widely used PET tracer, 
and it is estimated that FDG-PET accounts for 90% of 
all clinical PET studies. The use of FDG in tumour 
imaging is based on Warburg’s finding that cancer cells 
show accelerated glucose metabolism [30]. FDG is 

transported into the cell via glucose transporter mole-
cules (GLUT 1–5), which are overexpressed in cancer 
cells [31–33]. In the cell, FDG is phosphorylated by 
hexokinase to FDG-6-phosphate, which does not cross 
the cell membrane. Due to the low levels of glucose-6-
phosphatase in cancer cells and the inability of FDG-6-
phosphate to enter glycolysis, the tracer is retained in 
the cancer cells [34]. Generally, the uptake of FDG is 
related to the number of viable tumour cells [35, 36], 
but dependent on a number of physiological factors 
including regional blood flow, blood glucose level, and 
tissue oxygenation [37, 38]. FDG uptake is very high in 
HL, but since the HRS cells only make up a small frac-
tion of the tumour volume, the surrounding cells are 
probably accountable for the increased FDG metabo-
lism. FDG is far from tumour-specific and accumulates 
in a range of non-malignant tissues, such as brain, heart 
and kidneys. Furthermore, activated inflammatory cells 
take up FDG, which can cause false-positive results in 
cancer imaging studies [39, 40]. This is obviously 
important since HL patients frequently experience 
infections, but also because chemotherapy and radio-
therapy induce inflammatory responses in the tumour 
cells and the surrounding tissue. An increased tracer 
uptake is seen in response to the early phase with very 
low uptake shortly after therapy [41, 42]. FDG is 
administered by intravenous injection.

6.3.3 � Staging

Early reports on FDG-PET for lymphoma imaging were 
published more than 20 years ago [43]. Since most lym-
phomas showed FDG avidity, a number of studies have 
followed, investigating the properties of FDG-PET in 
the primary staging of both HL and NHL. As it would 
be unethical and laborious to biopsy every suspected 
focus, the lesions were generally not validated by histo-
pathological analysis. Discrepancies between CT and 
FDG-PET were later assessed at follow-up, considering 
all available clinical data and allowing the clinical 
course to eventually determine a standard of reference 
for analysis of diagnostic accuracy. Such a reference 
standard is far from optimal, but probably the best that 
can be achieved. Especially the early studies of FDG-
PET for staging of malignant lymphomas were per-
formed in a retrospective fashion involving mixed 
lymphoma populations who were scanned at different 
times during the course of treatment. The general 
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impression from these investigations, regardless of 
technical differences in scanning protocols and experi-
mental approach, was that FDG-PET had a very high 
diagnostic sensitivity [44–54]. In both HL and aggres-
sive NHL, FDG-PET detects more disease sites, nodal 
as well as extranodal, than conventional imaging meth-
ods, resulting in a higher sensitivity, and leading to sig-
nificant upwards stage migration [44–66]. FDG-PET 
seems to be at least as sensitive as blind bone marrow 
biopsy [46, 66–68]. Later studies have focused on indi-
vidual lymphoma subtypes, thus respecting the very 
variable nature of this heterogeneous group of 
diseases.

Studies focused on HL have found a very high sen-
sitivity for nodal staging, especially for the detection 
of peripheral and thoracic lymph nodes. The increased 
sensitivity apparently does not come at the expense of 
a significantly decreased specificity. FDG-PET also 
detects extranodal disease more sensitively than con-
ventional methods, both in the bone marrow and in 
other organs (Fig. 6.1).

FDG-PET has a consistent, large influence on the 
staging in HL, with upstaging of approximately 15–25% 
of patients, and downstaging in only a small minority of 
patients. This leads to a shift to a more advanced treat-
ment group in approximately 10% of patients [55–66]. 
The tendency towards upwards stage migration is 

important, as HL is a disease where early and advanced 
stages are treated very differently. However, early stage 
HL patients have an excellent prognosis and are at the 
same time at high risk of serious treatment-related late 
morbidity and mortality. With this in mind, the use of 
FDG-PET for staging of HL should be accompanied by 
steps to reduce the intensity of therapy to early stage 
patients in general, and such steps should be taken in 
the setting of clinical trials.

Almost 100% of all newly sold PET scanners are 
integrated PET/CT scanners and the dual-modality 
scanner is rapidly replacing single-modality scanners in 
most centres. A few studies have looked specifically at 
the value of FDG-PET/CT as compared with CT and/or 
FDG-PET in the lymphoma staging. FDG-PET/CT is 
found to be more accurate for staging than both FDG-
PET and CT, with an equal sensitivity and a better spec-
ificity. FDG-PET/CT has less of a tendency towards 
upstaging of patients than PET alone; in fact FDG-PET/
CT correctly downstages a number of patients com-
pared with both CT and FDG-PET. FDG-PET/CT has 
fewer false-positive findings than FDG-PET alone, 
especially in the deep nodal regions of the abdomen and 
the mediastinum, a fact probably owed to the improved 
distinction between malignant and non-malignant FDG 
uptake (intestinal uptake, brown fat, muscle uptake, 
etc.) [64, 69].

Fig. 6.1  Example of 
upstaging due to FDG-PET. 
This patient had only 
supradiaphragmal disease 
visible on CT, but the PET 
clearly revealed a splenic 
lesion that disappeared after 
the first chemotherapy cycle
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6.3.4 � Early Assessment  
of Chemosensitivity

Seventy to eighty percent of the HL patients show nor-
malisation of the FDG-PET scan after two courses of 
ABVD [3, 70]. However, very similar findings have 
been reported as early as after one single cycle [71], or 
even 7 days after the very first chemotherapy adminis-
tration [72]. Non-neoplastic cells show an impressive 
FDG avidity, resulting in a positive baseline scan in 
100% of the HL cases, but their metabolic activity and 
chemokine production are apparently shut down after 
two courses of chemotherapy. This phenomenon occurs 
in normal-size but also bulky nodes, in spite of a persist-
ing mass, as tumour shrinkage takes time and depends 
on several factors in the host. The paradoxical phenom-
enon of a persisting mass without evidence of a viable 
neoplastic tissue has been called “metabolic complete 
remission” [73, 74], and accounts for the high overall 
accuracy of interim-PET scan in predicting treatment 
outcome in HL patients. Non-neoplastic micro-environ-
ment cells are metabolically very active at baseline. 
They are shut down in chemotherapy-responsive patients, 
but they are responsible for the persisting FDG uptake in 
chemoresistant refractory disease [75]. This situation is 
quite different in DLBCL. In DLBCL, neoplastic cells 
make up 85–99% of the nucleate cells. Their prolifera-
tive fraction is very high, sometimes up to 90%. The 
persisting FGD uptake could be the balance between 
cell kill by chemotherapy and cell re-growth [76].

Interim FDG-PET scan performed very early during 
treatment has shown a high overall accuracy as it pre-
dicts treatment outcome in more than 90% of the 
patients. In a retrospective analysis of 88 patients 
scanned after two or three cycles of ABVD-like che-
motherapy for HL, Hutchings et al. found a 5-year PFS 
of 39% in the PET-positive group compared with 92% 
in the PET-negative group [77]. These results were 
later confirmed in prospective studies by Hutchings 
et al. [3], Zinzani et al. [78] and Gallamini et al. [70], 
the latter study focusing on advanced HL patients 
alone. In all three studies, almost all (94–100%) of the 
patients who were PET-positive after two cycles of 
ABVD had refractory disease or relapsed within two 
years, while all the early PET-negative patients entered 
a good remission and very few later relapsed (~6%). 
More recently, Terasawa et al. systematically reviewed 
all the studies so far published on this issue and reported 

a sensitivity for HL patients ranging between 43 and 
100% and a specificity ranging between 67 and 100% 
[7]. In all reviewed studies, the authors confirmed the 
prognostic role of early FDG-PET in predicting treat-
ment outcome and concluded that it is useful and reli-
able for assessment of the treatment response. In a joint 
Italian and Danish study, the 2-year progression-free 
survival for early PET-negative and -positive patients 
was 95 and 12%, respectively. Early interim FDG-PET 
emerged as the only independent prognostic factor for 
prediction of treatment outcome, thus eliminating the 
importance of the pre-therapeutic risk index, the inter-
national prognostic score (IPS) [79] (Fig. 6.2).

Recent studies have raised concerns that the PPV of 
early FDG-PET may be lower in patients treated with 
the more dose-intensive BEACOPPesc regimen (bleo-
mycin, etoposide, doxorubicin, cyclophosphamide, 
vincristine, procarbazine, prednisone) than in patients 
treated with ABVD [80–82].

Eight to ten percent of the patients who undergo 
early interim FDG-PET show a persisting, faint FDG 
uptake, most often in a site where a bulky tumour was 
recorded at baseline. This area of persisting FDG 
uptake, labelled minimal residual uptake (MRU), was 
defined as low-grade uptake of FDG, just above back-
ground, in an area of previously noted disease [77]. 
The significance MRU is unknown, but it is probably a 
consequence of the inflammatory tissue reaction to the 
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Fig. 6.2  Kaplan–Meier plot showing the progression-free sur-
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Group and positron emission tomography results after two 
cycles of ABVD. (From [80] with permission)
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cytolytic effect of the chemotherapy, with an unspe-
cific FDG uptake by inflammatory cells infiltrating the 
neoplastic lesion [42]. The prognosis of MRU+ patients 
seems to be similar to the one observed in patients with 
an early negative scan, and for these reasons it has 
been proposed that MRU+ patients should be consid-
ered as early PET negative.

Two questions concerning the ideal time for early 
interim FDG-PET scanning are still unanswered: (1) What 
is the ideal timing of FDG-PET after chemotherapy 
administration? (2) What is the ideal number of chemo-
therapy cycles before the early interim FDG-PET scan? 
In mice undergoing FDG-PET, the FDG uptake by 
reactive inflammatory macrophages was minimal  
14 days after chemotherapy administration [42]. In a 
review of the published experience of interim FDG-PET 
early during treatment, Kasamon et al. [83] concluded 

that the optimal time for performing interim PET during 
chemotherapy ranged between 7 and 14 days after che-
motherapy. The answer to question (2) could depend on 
the aggressiveness of the tumour and the efficacy of the 
chemotherapy. Hutchings et al. found no prognostic dif-
ference between FDG-PET performed after two and 
four cycles of chemotherapy for HL [3]. In a small 
cohort of 20 HL and NHL patients, Iagaru et  al. [84] 
found that FDG-PET obtained at two and four cycles 
both correlated well with end-of-treatment response. 
Furthermore, standardised uptake value (SUV) reduc-
tion from the baseline value did not differ significantly 
in scans performed at two and four cycles. In HL, there 
is most evidence for the use of FDG-PET after two 
courses of chemotherapy, but promising preliminary 
reports point towards an equally high predictive value as 
early as after one cycle [71] (Fig. 6.3).

Baseline After 1 cycle After 2 cycles

Fig. 6.3  Early PET-response to ABVD chemotherapy. This patient with stage IIA disease has marked FDG uptake at baseline. After 
both one and two cycles of therapy, FDG distribution is normal although there is only a partial remission on CT
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6.3.5 � Treatment Response Assessment

From 1999 to 2001, several reports in the literature 
demonstrated the high sensitivity and specificity of 
FDG-PET in tumour response assessment. In a recent 
accurate meta-analysis from 13 studies on 408 HL 
patients, upon exclusion of other studies not fulfilling 
the minimal requirements for review (full ring of 
CT-PET, adequate follow-up, definition of the refer-
ence test), Zijlstra and colleagues [85] were able to 
demonstrate a pooled sensitivity and specificity of PET 
in defining treatment outcomes of 84 and 90%, respec-
tively (Fig. 6.4).

As a consequence, FDG-PET was proposed as a 
determining tool for the definition of treatment 
response, and it has been integrated into the most 
recent definitions of CR, PR, stable or progressive 
disease by the International Workshop Criteria on 
treatment response in lymphomas [86]. Recent publi-
cations report on the clinical consequences of these 
new criteria. The concept of CRu has been abandoned, 

and patients defined in CR or CRu at the end of treat-
ment had an identical outcome; patients in PR had a 
progression-free survival similar to the ones in stable 
or progressive disease [87]. Therefore, the number of 
false-negative results obtained with the new response 
criteria is much smaller than the number of false-pos-
itive results obtained with the old ones, thus sparing a 
significant number of patients from unnecessary 
treatment.

Despite the good response to therapy, treatment of HL 
results in residual mass in up to 64–80% of the patients, 
as shown by conventional restaging modalities [15, 88]. 
Since the study by Jerusalem et al. [89], many reports 
focused on the role of FDG-PET for post-treatment eval-
uation of a residual mass in lymphoma. Quite recently, 
Terasawa et al. [90] systematically reviewed all the stud-
ies published so far on this issue, and reported a sensitiv-
ity for HL patients ranging between 43 and 100%, and a 
specificity ranging between 67 and 100%. FDG-PET has 
been proposed as determinant for the decision to deliver 
consolidation radiotherapy in cases of single residual 
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ies assessing the diagnostic accuracy of FDG-PET in patients 
with Hodgkin lymphoma. (b) Specificity and 95% confidence 

intervals for studies assessing the diagnostic accuracy of FDG-
PET in patients with HD. The diamond represents the 95% CI of 
the pooled estimate. (From [85] with permission)



856  Functional Imaging

mass persistence at the end of chemotherapy, and its role 
has been proven essential [91, 92].

6.3.6 � PET in Radiotherapy Planning

In the treatment of HL, radiotherapy is used in a com-
bined modality setting. Extended fields developed for 
single-modality treatment have been replaced by more 
and more conformal fields designed for combined 
modality treatment, encompassing the initially macro-
scopically involved tissue volumes in early stage dis-
ease and bulky masses and/or residual masses after 
chemotherapy in advanced disease [93–96]. These 
changes have led to dramatic reductions in the volume 
of normal tissue being irradiated and similar reductions 
in the risk of serious late effects of radiotherapy. But 
such modern therapy also demands a higher accuracy of 
the imaging procedures used for treatment planning. As 
FDG-PET has been shown to be more accurate for stag-
ing of HL, it is by implication also more precise in 
defining the initially involved regions which are intended 
to be irradiated in patients with early stage disease. No 
diagnostic modality has 100% sensitivity and specific-
ity, so the delineation of the lymphoma volume must be 
based on a combination of all the diagnostic informa-
tion available of both anatomy and physiology of the 
disease [97, 98]. Therefore, treatment planning using a 
combined FDG-PET/CT scan is preferable [99].

In the primary treatment of early stage HL, chemo-
therapy is most often the initial treatment followed by 
radiotherapy. In this situation the initial lymphoma vol-
ume seen on the pre-chemotherapy FDG-PET/CT scan 
must be contoured on a planning CT scan done after 
chemotherapy. Image fusion may then be employed 
later on to allow pre-chemotherapy images to be com-
bined with the post-chemotherapy planning CT, thus 
aiding the accurate delineation of the initially involved 
volume on the planning CT. If PET is to be used to its 
full potential in this situation, pre-chemotherapy PET/
CT should be acquired with the patient in the same 
position as the position which will later be used for 
radiotherapy. In advanced disease, radiotherapy is used 
less frequently and usually only to residual disease. In 
this situation, FDG-PET/CT may help in discriminat-
ing between a residual mass with viable lymphoma 
cells and a residual mass consisting only of fibrotic 
tissue. However, FDG-PET cannot detect microscopic 

disease, and it is not clear whether the target volume 
for irradiation in this situation should be only PET-
positive lesions or whether it should also include CT 
positive but PET-negative areas.

Relatively limited clinical data are available on the 
role of FDG-PET in target definition for the planning 
of radiotherapy for HL [100, 101]. Where extended 
field irradiation is still used, the impact of FDG-PET is 
not expected to be very large since additional involve-
ment found on FDG-PET will often be included in the 
large treatment fields anyway [102, 103]. But with 
modern, more conformal radiotherapy, changes due to 
FDG-PET are significant [104–106].

A likely future development is respiratory gated 
PET/CT-guided radiotherapy (Fig. 6.5). This technique 
makes mediastinal masses appear smaller and better 
defined. When radiotherapy is delivered with a similar 
respiratory gated technique, the technique can be used to 

Fig. 6.5  Respiratory gated PET/CT. The above panel shows a 
cross-sectional conventional PET/CT image of a female patient 
with mediastinal disease. The CT images are acquired at a ran-
dom point during the respiratory cycle, and the PET images are 
acquired over 3–5 min and thus represent a summation of many 
breath cycles. The below panel shows the respiratory gated PET/
CT images, acquired during maximum inspiration using a voice-
guided, laser-controlled breath hold technique. The mediastinal 
mass appears smaller and better defined while the lungs are 
more inflated than in the normal PET/CT situation . (Courtesy of 
Loft and Pedersen, Copenhagen University Hospital)

Normal PET/CT

Respiratory gated PET/CT
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refine and reduce radiotherapy fields and margins, and to 
minimise the damage to the lungs.

6.3.7 � PET for Response Prediction 
 Before High-Dose Salvage Therapy

Standard or high-dose second-line chemotherapy fol-
lowed by ASCT is considered the standard treatment 
for relapsing or primary resistant HL [107, 108]. The 
only significant prognostic factors were the duration of 
response to first-line chemotherapy and the status of 
the disease at transplant or, in other words, the chemo-
sensitivity assessment before ASCT. A review of the 
published literature points towards a high predictive 
value of pre-transplant FDG-PET [109]. Some reports 
include a mixture of NHL and HL patients, while oth-
ers focus exclusively on HL. In general, the predictive 
value is higher in HL than in NHL, and the PPV is 
higher than the NPV [110–115] (Table 6.1).

In particular the PPV ranges between 91 and 43%, 
while the NPV between 90 and 46%. These wide-range 
fluctuations are mainly due to the presence of a wide 
array of NHL subtypes that, as already known, display 
different FDG avidity [116, 117]. The role of FDG-PET 
in this setting is unclear, and there is no evidence to sup-
port a less than curative strategy in patients who achieve 
a suboptimal metabolic response to induction therapy.

6.3.8 � PET for Follow-Up

The value of surveillance procedures during follow-up 
in lymphoma patients achieving a CR after treatment is 
still a matter of debate. Generally, HL tends to recur in 

sites of disease at baseline, with a preference for bulky 
tumour sites [118]. By contrast, aggressive B-cell lym-
phomas tend to recur both in sites involved at baseline 
and in new sites [24]. As mentioned above, gallium 
scintigraphy has shown a high accuracy in detecting 
disease recurrence in HL [13]. Dittmann et  al. [119] 
retrospectively studied 21 HL patients and found that 
FDG-PET and CT were equally sensitive in detecting 
relapsing patients before the occurrence of symptoms. 
Jerusalem et al. performed FDG-PET every 4–6 months 
for 3 years in 36 HL patients in CR after ABVD ther-
apy. Six false-positive studies, and no false-negative 
studies were found out of 119 performed scans. In five 
positive studies, FDG-PET preceded the relapse after a 
median of 3.5 (1–9) months [120]. In the largest study 
so far, Zinzani et al. [121] investigated the role of sur-
veillance FDG-PET performed every 6 months for 4 
years after CR entry in a cohort of 160 HL patients. 
Results were given as positive, negative and inconclu-
sive. Inconclusive results were regarded as positive if 
clinical or radiological evidence pointed towards an 
impending relapse. Overall, 778 scans were evaluated 
in HL. In 11/778 scans (1.4%), PET results were clas-
sified as inconclusive/positive, mostly in the first 18 
months after CR. All these patients underwent a con-
firmatory biopsy and 6/11 were proven true positive. 
According to the authors, the major finding was the 
capability of FDG-PET to identify unsuspected relapse 
in 74% of the high risk and 20% of the low-risk HL 
patients. However, nobody knows if this translates into 
a clinical benefit for this patient subset.

For the moment, surveillance FDG-PET cannot be 
recommended as a routine follow-up procedure for HL 
patients. Early FDG-PET detection will probably allow 
a number of patients to enter salvage therapy with mini-
mal disease rather than overt relapse, but is doubtful if 
this carries a survival benefit, and if so, one that justifies 

Reference Number of 
patients

Histology Indication PPV (%) NPV (%) 2-year PFS (PET 
responders) (%)

2-year PFS (PET 
non-responders) (%)

Jabbour et al. [110] 68 HL Rel/Pro 72 76 76 27

Schot et al. [111] 117 NHL/HL Rel/Pro 73 67 73 25

Spaepen et al. [112] 60 NHL/HL Rel/Pro 87 90 100 24

Filmont et al. [113] 20 NHL/HL Rel/Pro 91 87 87 7

Svoboda et al. [114] 50 NHL/HL Rel/Pro;3-line 94 46 50 12

Crocchiolo et al. [115] 53 NHL/HL Rel/Pro 43 72 90 55

Table 6.1  Prognostic value of FDG-PET prior to ASCT
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the large number of scans needed. A possible exception 
could be the follow-up of high-risk patients, e.g. those 
with positive interim-PET during first-line treatment; 
however further studies are warranted to investigate the 
cost-effectiveness of such procedures.

6.4 � PET-Response-Adapted Therapy

6.4.1 � Ongoing Trials

While early FDG-PET quite precisely identifies 
responders and non-responders, there is yet no evi-
dence that HL patients benefit from having treatment 
adapted according to the results of early FDG-PET. 
Seeing that a large fraction of early stage HL patients 
are subject to some amount of over-treatment, there is 
potential benefit in identifying good-risk early stage 
patients eligible for less intensive treatment. A number 
of trials investigate such PET-response-adapted ther-
apy in early stage HL (Table 6.2).

The UK National Cancer Research Institute (NCRI) 
Lymphoma Group RAPID trial for early stage patients 
as well as the German Hodgkin Study Group (GHSG) 
HD16 protocol investigate the non-inferiority of reduc-
ing treatment intensity by omitting radiotherapy to 
interim PET-negative early stage patients [122, 123]. 
The experimental arms of EORTC/GELA/IIL1 H10 
protocol also omits radiotherapy for PET-negative 
patients while escalating to BEACOPPesc followed by 
radiotherapy in PET-positive patients. So this trial tests 
the non-inferiority of a less toxic treatment for good-
risk patients, while at the same time attempting treat-
ment intensification for patients regarded as having a 
high risk of failure based on a positive interim FDG-
PET [124].

In advanced-stage HL, patients who fail to reach 
remission or relapse early after first-line therapy have a 

ABVD doxorubicin, bleomycin, vinblastin, dacarbazine; UK NCRI United Kingdom National Cancer Research Institute; GELA 
Groupe d’Etudes des Lymphomes de l’Adulte; EORTC European Organisation for the Research and Treatment of Cancer; IIL 
Intergruppo Italiano dei Linfomi; GITIL Gruppo Italiano Terapie Innovative nei Linfomi
aNo randomization regarding PET-response-adapted therapy

Study title/description Study group Patients Main PET-driven intervention Study type

HD16 for early stage  
Hodgkin lymphoma (HL)

German Hodgkin  
Study Group [122]

Early stage HL No radiotherapy in experimental  
arm if PET-negative after 2 × ABVD

Phase III

RAPID trial UK NCRI Lymphoma  
Group [123]

Early stage HL If PET-negative after 3 × ABVD 
randomization to RT vs. no RT

Phase III

FDG-PET guided therapy  
or standard therapy in 
stage I–II HL (H10 trial)

EORTC/GELA/IIL 
 [124]

Early stage HL No radiotherapy in experimental  
arm if PET-negative after 2 × ABVD

Phase III

PET-adapted chemotherapy  
in advanced HL

GITIL [127] Advanced HL Intensification to BEACOPPesc if 
PET-positive after 2 × ABVD

Phase II

FDG-PET-response-adapted  
therapy in advanced-stage HL

UK NCRI lymphoma  
group [128]

Advanced HL Intensification to BEACOPP if 
PET-positive after 2 × ABVD

Phase IIIa

HD + ASCT in patients  
PET-positive after 2 × ABVD  
and RT vs. no RT in  
PET-negative patients (HD0801)

IIL [129] Advanced HL Salvage regimen if PET-negative 
after 2 × ABVD

Phase IIIa

HD18 for advanced-stage HL German Hodgkin  
Study Group [131]

Advanced HL 4 vs. 8 ´ BEACOPPesc in experi-
mental arm if PET-negative after 
two cycles

Phase III

Table 6.2  Ongoing HL trials using early PET-response-adapted therapies

1�EORTC: European Organisation for the Research and Treatment 
of Cancer, GELA: Groupe des Etudes des Lymphomes de 
l’Adulte, IIL: Intergruppo Italiano dei Linfomi.



88 M. Hutchings and A. Gallamini

much worse prognosis and need to be identified as early 
as possible to lower their risk of treatment failure, avoid 
unnecessary toxicity and increase the chance of long-
term survival [125]. Around 70% of patients are cured 
with a prolonged course of ABVD with or without con-
solidation radiotherapy, which is first-line therapy in 
most centres. The more intensive BEACOPPesc cures 
85–90% of patients if given upfront, but also gives reason 
for serious concerns regarding acute toxicity and second 
malignancies [126]. A number of trials investigating  
PET-response-adapted HL therapy have been launched. 
Most trials use early treatment intensification with 
BEACOPPesc (Italian GITIL trial and the European 
RATHL trial)2 [127, 128] or even ASCT (Italian IIL trial) 
[129] in patients who are still PET-positive after two cycles 
of ABVD. Quite recently the Italian GITIL group reported 
its experience in a cohort of 164 advanced-stage, ABVD-
treated HL patients in which treatment was intensified 
with escalated BEACOPP only in the small subset of 
patients showing an interim-PET positive after two ABVD 
courses, with an overall 2-year progression free for the 
entire cohort of patients of 88% [130]. This is contrary to 
the BEACOPPesc based GHSG HD18 trial, where 
advanced-stage HL patients in the experimental arm will 
be randomised to an abbreviated treatment course if PET-
negative after two cycles of BEACOPPesc [131].

6.4.2 � Interpretation Criteria

As stated above, MRU was first defined as low-grade 
uptake of FDG (just above background) in a focus within 
an area of previously noted disease reported by the 
nuclear medicine physicians as not likely to represent 
malignancy [77]. Since the prognosis of MRU+ patients 
is similar to that of early PET-negative patients, it has 
been proposed that MRU+ patients be considered PET 
negative. In 2007, MRU was defined by Gallamini et al. 
[79] as a weak persisting FDG uptake with an intensity 
equal or slightly superior to the mediastinal blood pool 
structures. Finally, in 2008, expert nuclear medicine 
physicians from the PET Centre at Guy’s and St. Thomas 
Hospital, London, proposed a definition of MRU as a 
residual FDG uptake with an intensity lower or equal to 

the one recorded in the liver [132]. This evolution has 
resulted in a widened definition of MRU, thus increasing 
the specificity and reducing the number of false-positive 
interim-PET scans [75]. These different MRU defini-
tions, however, have been used for interim-PET interpre-
tation in the different ongoing PET-response-adapted 
HL trials (Fig. 6.6).

Moreover, the same criteria are not necessarily ade-
quate for HL and DLCBL, and for therapies with differ-
ent dose-intensity such as ABVD or BEACOPP. For 
this reason, and in order to increase reproducibility, the 
first international meeting on interim-PET interpretation 
in lymphoma took place in Deauville, France during the 
annual GELA meeting in April 2009. This meeting fol-
lowed two previous international workshops in London 
(2007) and Lugano (2008). The aim of this workshop 
was to propose simple, reproducible criteria for interim-
PET interpretation and to launch one or more interna-
tional validation studies to validate these rules. The 
results of this consensus meeting were recently pub-
lished [76]. Briefly, the criteria for interim-PET inter-
pretation in HL were contained in three major statements: 
(i) visual assessment is preferred, but SUV determina-
tion can assist visual assessment in some cases; (ii) 
interim-PET interpretation should always be made by 
comparing the single foci of FDG uptake to the ones 
recorded in the baseline study; (iii) the intensity of FDG 
uptake should be graded according to a five-point scale 
in which the liver and the mediastinal background are 
used as references to define different grades of FDG 
uptake. Two international validation studies are under-
way to validate these criteria; one for advanced-stage 
ABVD-treated HL and one for R-CHOP-treated 
DLCBL. A consequence of the absence of validated cri-
teria for interim-PET reporting is the need for a central 
review panel for PET interpretation in the ongoing pro-
spective trials incorporating a PET-response-adapted 
strategy [133]

6.5 � Other PET Tracers

FDG is a glucose analogue and FDG uptake reflects 
the level of glucose metabolism in the tissue. However, 
like other cancers, lymphoma is characterised by 
deregulated cell cycle progression, and most antican-
cer drugs are designed to inhibit cell proliferation. So 
a tracer enabling imaging of cell proliferation could 

2�GITIL: Gruppo Italiano Therapie Innovative nei Linfomi, 
RATHL: Response-Adapted Therapy in Hodgkin Lymphoma.
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be useful for both initial characterization and treat-
ment monitoring of the disease. FDG uptake is corre-
lated with cell proliferation, but this correlation is 
weakened by a number of factors, including FDG 
uptake in non-malignant lesions [134–136]. The 
nucleoside [11C]thymidine was the first PET tracer to 
specifically address cell proliferation. Early studies 
showed that [11C]thymidine could determine both 
disease extent and early response to chemotherapy in 
aggressive NHL patients [137, 138]. However, the 
short 20 min half-life of 11C along with rapid in vivo 
metabolism has limited the clinical application of 
[11C]thymidine. The thymidine analogue 3¢-deoxy-
3¢-[18F]fluorothymidine (FLT) offers a more suitable 
half-life of 110 min and is stable in vivo [139]. More 
recent studies have shown that FLT-PET can sensi-
tively identify lymphoma sites [140]. FLT uptake is 
highly correlated with proliferation rate and may thus 
be able to distinguish between high- and low-grade 
lymphomas [141, 142]. And furthermore, recent stud-
ies have shown a potential of FLT for imaging early 
response to treatment in lymphoma [143, 144]. Amino 
acid metabolism of cancer cells is influenced by cata-
bolic processes favouring tumour growth [145]. It has 

been shown that increased uptake of amino acids 
reflects the increased transport and protein synthesis 
of malignant tissue [146, 147]. This is the background 
for PET imaging of amino acid metabolism with the 
labelled amino acids l-[methyl-11C]methionine 
(MET) and O-2-[18F]fluoroethyl)-l-tyrosine. Nuutinen 
et al. studied 32 lymphoma patients and found MET-
PET highly sensitive for the detection of disease sites 
although there was no correlation between MET 
uptake and patient outcome. While these results are 
encouraging, it should be noted that no studies have 
shown the usefulness or cost-effectiveness of amino 
acid or nucleoside tracers in large patient cohorts. 
Furthermore, high physiological tracer uptake in the 
abdomen limits the usefulness of these tracers for 
imaging of abdominal and pelvic lymphomas.

6.6 � Future Perspectives

Ongoing and upcoming clinical trials will hopefully 
identify patients who can benefit from early treatment 
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Fig.  6.6  Different proposed criteria for minimal residual 
uptake (MRU) definitions. The broadening of the area of MRU 
in advanced-stage HL has been proposed in order to reduce 

false-positive results and increase the specificity of interim- 
PET scan in predicting treatment outcome. (From [109] with 
permission)
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adaptations based on early FDG-PET-response  
monitoring. However, this approach is still response-
adapted and not risk-adapted. Further insight into the 
natural history of lymphomas on a molecular level 
will result in more precise pre-treatment prognostic 
and predictive markers. Hopefully, such markers will, 
in due time, help us offer more refined therapy upfront, 
tailored to the individual patient’s risk profile and 
responsiveness and thus reduce the importance of 
treatment monitoring. New imaging techniques such 
as diffusion NMR have been developed, aimed to 
assess the microscopic mobility of water within the 
neoplastic tissue at diagnosis and after treatment. 
They have shown, in preliminary studies, high accu-
racy in lymphoma staging [148], and treatment 
response [143]. More recently, ultrasonography with 
tissue harmonic compound technology and intrave-
nous microsphere-based microvasculature studies 
(named angiosonography) improves ultrasound accu-
racy [149–151]. Angiosonography has recently been  
reported to be more sensitive than CT or FDG-PET for 
detecting nodular infiltration in the spleen of patients 
with newly diagnosed HL [152]. Modern radiotherapy 
is evolving rapidly, and PET/CT plays an increasingly 
important role in both the selection of patients and in 
the radiotherapy planning. Other PET tracers are likely 
to emerge, including radiosensitivity tracers and per-
haps tracers directly targeting HL-specific cell surface 
molecules. The most predictable evolution is the ongo-
ing technical development, involving image acquisi-
tion and image processing/reconstruction, brought 
about by advances in hardware development and 
increased computing power. Integrated PET/MRI sys-
tems are being introduced into clinical practice and 
are likely to prove useful for evaluation of bone mar-
row involvement and other forms of extranodal 
disease.

6.7 � General Recommendations

The value of adding FDG-PET/CT to conventional 
HL staging procedures is well established. Although 
no studies show better outcomes in cohorts staged 
with FDG-PET/CT, the method is recommended as a 
standard procedure. FDG-PET/CT has a general ten-
dency to upstage the patients, so the method should be 
accompanied by steps to reduce the overall amount of 

treatment. FDG-PET and FDG-PET/CT are opera-
tional in the revised response criteria for post-treatment 
evaluation of aggressive lymphomas. The benefit for 
the patients of FDG-PET in this setting remains to be 
clearly shown, but a number of ongoing trials address 
the issue. There is insufficient evidence for routine use 
of FDG-PET in the follow-up setting. While the prog-
nostic value of early interim FDG-PET is well estab-
lished in HL, there is still no evidence that it improves 
patient outcomes. For this reason, it is highly recom-
mended that the use of FDG-PET for early response 
monitoring takes place in the setting of clinical inves-
tigations, including the early PET-response-adapted 
trials. With the abundance of early PET-response-
adapted clinical trials, there is an urgent need for uni-
form, evidence-based interpretation criteria and 
reporting guidelines for early interim FDG-PET/CT. 
A number of novel PET tracers are promising, but 
their use is still experimental.
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Abbreviations

ABVD	� Adriamycin, bleomycin, vinblastine, 
dacarbazine

BEACOPPesc	� Bleomycin, etoposide, adriamycin, 
cyclophosphamide, vincristine, pro-
carbazine, prednisolone, escalated

BNLI	� British National Lymphoma Inves
tigation

CALGB	 Cancer and Leukemia Group B
ECOG	 Eastern Cooperative Oncology Group
EORTC	� European Organisation for Research 

and Treatment of Cancer
ESR	 Erythrocyte sedimentation rate
FDG	 2-[18F]fluoro-2-deoxy-d-glucose
GELA	� Groupe d’Etudes des Lymphomes 

de l’Adulte
GHSG	� German Hodgkin Study Group
IPS	 International Prognostic Score
LDH	 Lactic dehydrogenase
MOPP	� Mechlorethamine, vincristine, pro-

carbazine, prednisolone
NCI-C	� National Cancer Institute of Canada
NCI-US	� National Cancer Institute of the United 

States
PET	 Positron emission tomography
SWOG	 Southwest Oncology Group

7.1 � Historical Perspective

The concept that Hodgkin lymphoma (initially called 
Hodgkin’s disease) passes through successive clinical 
stages with increasing spread of the disease and 
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progressive worsening of prognosis was developed early 
on [1]. Different staging classifications were proposed 
based on the anatomic extent of disease [2–8]. A con-
sensus was reached at the Workshop on the Staging  
of Hodgkin’s Disease at Ann Arbor in 1971 [9], and the 
Ann Arbor staging classification was universally 
adopted. It remains the basis for the evaluation of patients 
with Hodgkin lymphoma, and its prognostic significance 
has been documented in numerous studies of patients 
treated with different treatment modalities [10–17]. 
Survival curves according to the Ann Arbor stages for 
more than 14,000 patients in the International Database 
on Hodgkin’s Disease are shown in Fig. 7.1 [14].

However, the extent of disease varies within the Ann 
Arbor stages leading to variations in prognosis. A modi-
fication of the Ann Arbor classification was proposed at 
the Cotswold meeting, incorporating a designation for 
number of sites and bulk [18]. This modification has not 
been universally adopted. Numerous other prognostic 
factors for different Ann Arbor stages, disease presenta-
tions, treatments, and outcomes have been introduced, 
and varying combinations of these factors are being 
used by different centers and groups.

7.2 � Prognostic Factors

7.2.1 � Definition and Use

Prognostic factors are variables measured in individual 
patients that offer a partial explanation of the 

heterogeneity in the outcome of a given disease [19]. 
They are important in clinical practice for distinguish-
ing patients into different risk groups, for selection of 
treatment strategy, and as an aid in patient counseling 
[20]. However, it is important to realize that prediction is 
very uncertain for the individual patient. Statements of 
probability can be made, but even these will be more 
accurate for groups of patients than for individuals [21]. 
Prognostic factors can also be used in the design of clini-
cal trials to define eligibility criteria and strata to ensure 
comparability of treatment groups [19–22]. However, 
prognostic factors are rarely sufficiently explanatory to 
justify the comparison of treatments by use of nonran-
domized data [23, 24].

7.2.2 � Types of Prognostic Factors

Prognostic factors are divided into tumor-related fac-
tors, host-related factors, and environment-related fac-
tors [20]. Tumor-related factors include those directly 
related to the presence of the tumor or its effect on the 
host, reflecting tumor pathology, anatomic extent, or 
tumor biology. Host-related factors include factors 
that are not directly related to the tumor but which 
may significantly influence outcome, such as demo-
graphic characteristics and comorbidity. Environment-
related factors include factors outside the patient, such 
as socioeconomic status, and access to and quality of 
health care.

The values of prognostic factors are generally 
assumed to be known from the outset, before the start of 
treatment, so-called fixed covariates. However, other 
important prognostic variables may only be known later, 
such as time to response, toxicity of treatment, and the 
value of presumed markers. These are time-dependent 
covariates. They may be important for answering bio-
logical questions, but they should not be applied for 
adjustment for treatment comparison, as they are them-
selves affected by treatment [19–21].

7.2.3 � Different Endpoints

Different outcomes may be of interest in analyses  
of prognostic factors. Overall survival and progres-
sion-free survival are usually analyzed, but others may 
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Fig. 7.1  Overall survival according to clinical Ann Arbor stage 
for 14,037 patients in the International Database on Hodgkin’s 
Disease treated over the past 25 years. (Reprinted from [14] with 
permission)
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be relevant, e.g., disease-free survival for early stage 
patients as virtually all patients achieve remission. For 
each endpoint, there must be clear information on the 
point in time from which it is measured, and the clini-
cal characteristics of events and censoring. International 
guidelines have recently been published [25].

7.2.4 � Types and Analyses  
of Prognostic Studies

Three different study phases of prognostic factors have 
been proposed, beginning with Phase I early explor-
atory analyses to identify potential markers and gener-
ate hypotheses for further investigation. Phase II 
studies are exploratory studies attempting to use val-
ues of a proposed prognostic factor to discriminate 
between high and low risk patients. Phase III studies 
are large, confirmatory studies based on prespecified 
hypotheses involving one or a few new factors, and the 
purpose of these studies is to determine how much the 
new factor adds to the predictive power of already 
accepted factors [22, 26].

A useful prognostic factor must be significant, inde-
pendent, and clinically important [27]. Many variables 
may be prognostic in univariate analysis. However, 
different variables are likely to be interrelated. The 
important question is whether a particular variable 
adds useful information to what is already known. 
Multiple regression analysis is commonly employed to 
determine whether a variable has independent signifi-
cance when other known variables are taken into 
account. This kind of analysis may form the basis for 
the development of a prognostic model and a risk score 
or risk groups [26]. The Cox proportional hazards 
regression model is most commonly used when time-
to-event outcomes are of interest [28]. The selection of 
variables for the final model is usually done by step-
wise selection. By play of chance, different factors 
may be selected in different studies. An important 
additional analysis for a new marker is therefore to 
determine its prognostic ability in a model including 
all previously defined prognostic factors [26, 29]. 
Differences may also be due to small sample size, dif-
ferent assay techniques, different cut points for vari-
ables, inclusion of different subsets of patients, and 
different study endpoints.

7.3 � Prognostic Factors  
in Early Stage Disease

In the past when patients were still treated with radio-
therapy alone, those with stage I or II disease were 
staged with laparotomy and splenectomy to select 
patients suited for radiotherapy alone [30, 31]. In these 
patients the information on the extent and anatomic 
distribution of disease was very accurate, and numer-
ous studies of prognostic factors showed that the ana-
tomic extent of disease, measured as the number of 
involved lymph node regions and the volume of dis-
ease in individual regions, in particular the mediasti-
num, were prognostically important [32–38]. An 
estimate of the total tumor burden, based on a combi-
nation of the number of involved regions and the vol-
ume of disease in individual regions, was shown to be 
by far the most important prognostic factor of all [39–
41]. Prognosis seemed to be determined by the bulk of 
disease rather than the precise localization in the body 
[34, 42–48]. The prognostic significance of E-lesions, 
localized extralymphatic lesions, is controversial, 
partly because of disagreement regarding the distinc-
tion between E-lesions and stage IV disease [32, 49–
51]. Today, patients are no longer staged with 
laparotomy. Consequently, information on extent and 
distribution of the disease is less accurate in the indi-
vidual patient. Therefore, additional factors become 
important: usually factors providing an indirect mea-
sure of the total tumor burden and possibly also the 
growth characteristics of the tumor.

Today, very few patients are treated with radiother-
apy alone, except for patients with lymphocyte pre-
dominant histology. From early studies it is evident 
that the number of involved regions and size of medi-
astinal disease, B-symptoms, histological subtype, 
age, gender, ESR, hemoglobin, and serum albumin are 
prognostically significant [14, 47, 52–58].

Most patients with early stage disease are today 
treated with a combination of chemotherapy and 
radiotherapy. A meta-analysis showed that combined 
modality therapy improves progression-free survival 
compared with radiotherapy alone, but that it does not 
improve the chance of being cured of Hodgkin lym-
phoma (although with very long follow-up survival is 
superior with combined modality treatment due to an 
excess mortality from long-term complications in 
patients who relapse) [59–61]. In the meta-analysis, 
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the size of the reduction in the risk of failure in patients 
separated by stage, B-symptoms, gender, and age was 
remarkably similar. Therefore, prognostic factors in 
patients treated with combined modality therapy do 
not seem to differ from the factors in patients treated 
with radiotherapy alone. Treatment of early stage 
patients is now often tailored according to prognostic 
subgroups. Hence, in many publications patients are 
selected, making the detection of prognostic factors 
difficult. However, a number of studies have confirmed 
the significance of the prognostic factors mentioned 
above also for patients treated with combined modality 
[62–65].

Most of the important prognostic factors are corre-
lated and provide indirect measures of the patient’s 
total tumor burden [40, 41, 47]. Modern imaging with 
CT scans and FDG-PET scans makes it possible to 
directly quantify the total tumor volume in each indi-
vidual patient. Studies using these techniques have 
confirmed the pivotal prognostic role of the total tumor 
burden [66–69]. Figure  7.2 shows time to treatment 
failure for patients with stage I and II disease accord-
ing to whether their mean tumor burden normalized to 
body surface area was below or above the mean value 
for each stage [66].

Functional imaging with FDG-PET has recently 
become an important part of staging and treatment 
evaluation of lymphomas. An early interim FDG-PET 

scan after one or two cycles of chemotherapy has been 
shown to be highly predictive of outcome after com-
bined modality treatment [70–72]. Figure  7.3 shows 
progression-free survival curves for early stage and 
advanced disease according to the result of an FDG-
PET scan after two cycles of chemotherapy with 
ABVD [70]. The data are, in fact, rather sparse with 
regard to early stage disease, and the prediction of dis-
ease recurrence and inferior survival in patients with a 
positive early interim FDG-PET scan is largely based 
on data from patients with advanced disease. In a 
recent study of mid-treatment FDG-PET in early stage 
patients, most of the patients with interim PET positiv-
ity were cured with combined modality therapy, yield-
ing a positive predictive value of only 15% [73]. 
However, the negative predictive value is very high in 
early stage disease. The early interim FDG-PET scan 
may be regarded as an in vivo test of the chemosensi-
tivity of the disease. As the result of the scan is not 
known at the outset there is a methodological problem 
with this test. Strictly speaking, outcome according to 
the result of an early interim FDG-PET scan should 
only be measured from the time when it is available, 
and it should be regarded more as a predictive factor 
indicating the sensitivity to a particular treatment 
rather than as a usual prognostic factor.
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Fig. 7.2  Time to treatment failure curves for 46 patients with 
stage I and 201 patients with stage II disease divided according 
to whether their mean tumor burden normalized to body surface 
area (rTB) was below or above the mean value for each stage. 
(Reprinted from [66] with permission)

Fig.  7.3  Progression-free survival in 31 patients with early 
stage and 46 patients with advanced stage disease divided 
according to the result of an early interim FDG-PET scan 
(after two cycles of chemotherapy). (Reprinted from [70] with 
permission)
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Table 7.1 lists the established prognostic factors in 
early stage Hodgkin lymphoma. Today, early stage 
patients are commonly divided into favorable and unfa-
vorable groups, depending on various combinations of 
these factors.

Recently, chemotherapy alone has been used in early 
stage patients. Relapse-free survival is poorer than with 
combined modality therapy, and a recent meta-analysis 
has shown that overall survival is also poorer for patients 
treated with chemotherapy alone [74]. Prognostic fac-
tors in this group of patients have not been analyzed as 
large cohorts of patients with reasonable follow-up are 
not yet available.

7.4 � Prognostic Factors  
in Advanced Disease

Advanced stage patients, although this term is not 
sharply defined, are those requiring full systemic treat-
ment. Stages IIIB and IV certainly form the core group. 
Most study groups also include stage IIIA and possibly 
selected stage I or II patients with multiple adverse 
prognostic factors.

The role of radiotherapy added to full systemic 
treatment in advanced stages is limited [75]. Thus, 
these treatment variants can be considered together in 
prognostic factors analysis.

Large data sets are important to reliably assess the 
independent contributions of single routinely docu-
mented prognostic factors, which tend to be small to 

moderate (5–10% in tumor control) [76]. Two very 
large data sets resulted from international cooperation: 
The International Database on Hodgkin’s Disease was 
set up in 1989, combining more than 14,000 individual 
patient data in all stages from 20 study groups in the 
MOPP era [14]. In 1995, the International Prognostic 
Factors Project on advanced Hodgkin disease com-
bined data of 5,141 advanced stage patients mainly 
treated with doxorubicin-containing regimen [76].

7.4.1 � Patients Treated with Conventional 
Chemotherapy with or Without 
Additional Radiotherapy

Important prognostic factors are shown in Table 7.2. 
The most important patient-related prognostic factor  
for overall survival in advanced Hodgkin disease is age 
[77–84]. Elderly patients (>60–65 years) are often 
excluded from general adult study populations and 
treated in separate studies [85]. Prevalence of comorbid-
ity increases with age, and the risk of treatment-related 
mortality and toxicity-associated treatment reductions 
are increased [86, 87]. In patients up to 65 years of age, 

Number of involved lymph node regions

Large tumor mass, particularly mediastinal

Tumor burden

B-symptoms

Histological subtype

Age

Gender

Erythrocyte sedimentation rate (ESR)

Hemoglobin

Serum albumin

Early interim FDG-PET scan

Table 7.1  Prognostic factors in early stage Hodgkin lymphoma

Age

Gender

Histology

Stage IV disease

Tumor burden

Inguinal involvement

Very large mediastinal mass

B-symptoms

Anemia

Low serum albumin

High ESR

High serum alkaline phosphatase

Leukocytosis

Lymphocytopenia

High serum lactic dehydrogenase (LDH)

High serum b2-microglobulin

Early interim FDG-PET scan

Table 7.2  Prognostic factors in advanced Hodgkin lymphoma
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age (e.g., >45 years) is an independent prognostic factor 
for freedom from progression. This may be related to 
tumor biology as unfavorable histological subtypes are 
more frequent in the elderly [14]. The impact of age is 
more pronounced on overall survival due to compro-
mised results of salvage treatment in elderly relapsed 
patients: 5-year survival rates after progression/relapse 
decrease with advancing age from about 40% in the 
patients up to 35 years to less than 5% in patients with 
55–65 years of age at diagnosis [76].

About two-thirds of advanced stage patients are 
men [14, 76]. Male gender is an independent, although 
quantitatively moderate, adverse prognostic factor 
within advanced stages [14, 76, 83, 88, 89].

The histological subtype plays a minor role among 
the tumor-related prognostic factors. Some studies 
report mixed cellularity or lymphocyte depletion sub-
types as unfavorable prognostic factors [12, 14, 90], 
whereas several other studies do not confirm these find-
ings [76, 77, 82, 83, 91]. The prognostic relevance of 
grading the nodular sclerosis subtype remains contro-
versial [92–96]. Unfavorable subtypes are correlated 
with male gender, age, lack of mediastinal involve-
ment, stage, systemic symptoms, and related abnormal 
blood parameters [14, 57]. Histology subtyping does 
not lend itself to prognostication, at least in multicenter 
settings because of a relatively high reclassification 
rate under expert pathological review [92].

The principle that tumor burden is the main deter-
minant of prognosis also holds for advanced disease 
[66, 82, 83]. Tumor burden can be quantified directly 
from imaging [67, 97]. Unfortunately, this is not done 

routinely. Moreover information on the number of 
involved areas [82, 91], the amount of tumor in the 
spleen [98–101], and the subdivision of stage III [98, 
99, 102–104] are all surrogates for tumor burden which 
were established as prognostic in the era of pathologi-
cal staging and radiotherapy alone. Regional inguinal 
involvement may be seen as a surrogate marker for 
maximal nodal spread and was reported as an indepen-
dent prognostic factor [84].

Very large mediastinal bulk (e.g., >0.45 of the thoracic 
aperture) is relatively rare (i.e., <10% of advanced dis-
ease), but has been reported as an adverse prognostic fac-
tor in some studies [84, 105], but not in others [106]. 
Large, but not very large (e.g., 0.33–0.45 of the thoracic 
aperture), mediastinal mass (e.g., 0.33–0.45 of the thoracic 
aperture) is not related to prognosis in advanced Hodgkin 
disease treated with modern chemotherapy [76].

Several hematological and biochemical laboratory 
parameters form a cluster of interrelated prognostic 
indicators that mirror both tumor burden as well as 
inflammatory processes [53]. Decreased serum albumin 
[76, 79, 107, 108] and hemoglobin levels [14, 76, 78, 
81] (or hematocrit [84]) as well as an elevated ESR [57, 
109] or alkaline phosphatase [109–111] are correlated 
[14, 57, 76, 112] with one another as well as with the 
presence of B-symptoms [14, 113] and tumor burden 
[66]. Serum albumin [76, 107] (see Fig. 7.4) and hemo-
globin level [76] (see Fig.  7.5) show a remarkably 
monotone relation to prognosis over their full range of 
variation and singles both out as the most informative 
prognostic factors in advanced Hodgkin lymphoma. 
Given hemoglobin and serum albumin, the other 

Fig. 7.4  Freedom from progression 
according to albumin levels for 2,239 
patients with advanced disease in the 
International Prognostic Factors Project. 
(Reprinted from [76] with permission)
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members of this cluster, in particular B-symptoms, lose 
their independent prognostic impact [76].

Stage IV marks dissemination of the disease to 
extranodal sites and has independent prognostic value 
within advanced disease [14, 76, 90]. It remains contro-
versial whether a specific organ involvement site carries 
a particularly bad prognosis within stage IV. Bone mar-
row involvement was an adverse factor in some studies 
[83, 84, 114], but not in others [115, 116]. Pleura, lung, 
or liver involvement have been reported as prognosti-
cally unfavorable [114, 115, 117, 118], but not in other 
studies [83, 84, 119]. The number of involved extran-
odal sites has been reported to be independently prog-
nostic [78, 120, 121], but this could not be confirmed in 
the International Prognostic Factors Project [76].

Leukocyte and lymphocyte counts form a second 
correlation cluster of laboratory parameters. Analyzing 
the joint distribution of leukocyte and lymphocyte 
counts in advanced Hodgkin lymphoma, there is a 
simultaneous shift away from the normal pattern 
toward both leukocytosis [76] and lymphocytopenia 
[78, 79, 81, 83] that carries independent prognostic 
impact [76]. These relatively unspecific measurements 
may indirectly capture dysregulation of hematopoiesis 
due to cytokine release by Hodgkin lymphoma cells.

Serum LDH plays a lesser role in Hodgkin lym-
phoma than in aggressive non-Hodgkin lymphoma. 
Elevated serum LDH was found by some groups [78, 
84], but was not confirmed in large data sets [14, 76]. 
The relevance of elevated b

2
-microglobulin is contro-

versial [122, 123]. Table 7.3 summarizes the prognos-
tic factors in advanced disease.

A plethora of biological parameters such as levels 
of cytokines released by Hodgkin and Reed–Sternberg 
cells, soluble forms of membrane-derived antigens, 
and molecular markers have been investigated for 
prognostic value. Many of these studies have been 
done in rather small data sets (N from 40 to 300). The 
soluble form of the CD30 molecule is released by 
Hodgkin and Reed–Sternberg cells and is detectable 
in the serum of virtually all untreated patients [124–
127]. It maintains independent prognostic significance 
in multivariate analysis in moderately sized data sets 
[126, 128–130]. The relevance of cytokine levels 
requires further investigation [129] and results for fur-
ther biologic parameters are mostly still immature or 
controversial.

An early interim FDG-PET scan after one or two 
cycles of chemotherapy has been shown to be highly 

Fig. 7.5  Freedom from progression 
according to hemoglobin levels for 4,314 
patients with advanced disease in the 
International Prognostic Factors Project. 
(Reprinted from [76] with permission)

Age ³45 years

Male gender

Stage IV disease

Hemoglobin <10.5 g/dL

Serum albumin <4.0 g/dL

Leukocytosis ³15 × 109/L

Lymphocytopenia <0.6 × 109/L or <8% of white  
blood cell count

Table  7.3  Adverse prognostic factors incorporated in the 
International Prognostic Factors Project score for freedom from 
progression in advanced Hodgkin disease
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predictive of clinical outcomes in advanced Hodgkin 
lymphoma [70, 71, 131, 132]. In a large study of 
patients treated with ABVD, the prognostic value of an 
early PET scan completely overshadowed the role of 
the International Prognostic Score (IPS) (see below) 
[133]. Figure  7.6 shows progression-free survival 
according to the IPS and the result of an early PET 
scan. However, an early FDG-PET scan is a marker for 
chemosensitivity, and it is therefore dependent on the 
specific given treatment. Concerns have been raised 
that the positive predictive value may be lower in 
patients treated with more aggressive regimens such as 
BEACOPPesc [134].

7.4.2 � Prognostic Indices or Scores in 
Advanced Hodgkin Lymphoma

Prognostic indices or scores for advanced Hodgkin 
lymphoma are clinically important to tailor treatment 
to patients: to select patients who may be overtreated 
and in whom treatment reduction may be considered, 
or to select patients in whom standard treatment is 
likely to fail to eliminate the disease and for whom 
experimental approaches may be indicated.

Several trial groups developed prognostic indices or 
scores based on a few hundred cases and defined high 
risk groups. Wagstaff et  al. [135] defined risk groups 
based on age >45, male gender, absolute lymphocyte 

count <0.75 × 109/L, and stage IV [111, 135]. Straus 
et  al. proposed a five-factor score including age >45, 
elevated serum LDH, low hematocrit, regional inguinal 
involvement, and mediastinal mass >0.45 of the tho-
racic aperture [84]. Proctor et al. developed a numerical 
index to predict overall survival based on age, stage, 
hemoglobin level, absolute lymphocyte count, and 
bulky disease (>10 cm) [81, 105]. Gobbi et al. set up a 
predictive equation based on age, sex, stage, histology, 
B-symptoms, mediastinal mass, ESR, hemoglobin, and 
serum albumin [12, 136]. Low et  al. defined a score 
based on age ³45, serum albumin <35 g/L, and lympho-
cyte count <1.5 g/L and validated the score in a large 
historic BNLI data set [79, 137]. However, none of 
these indices have received general acceptance.

Gobbi et  al. developed a parametrical model to 
derive numerical estimates of expected survival in all 
stages [88]. Seven factors were incorporated: stage, 
age, histology, B-symptoms, serum albumin, sex, and 
involved area distribution (infradiaphragmatic disease 
or more than three supradiaphragmatic areas). This 
work was based on 5,023 patients in both early and 
advanced stages from the International Database on 
Hodgkin’s Disease [14]. They were treated heteroge-
neously with radiotherapy alone or mainly MOPP-type 
chemotherapy with or without radiotherapy. All these 
models used overall survival as the main endpoint.

The International Prognostic Factors Project on 
advanced Hodgkin disease focused on freedom from 
progression [76]. Individual patient data were collected 
from 23 centers or study groups on 5,141 patients diag-
nosed as having advanced stage Hodgkin disease and 
treated with (mainly) doxorubicin-containing chemo-
therapy with and without radiotherapy according to a 
defined protocol. A prognostic score was developed 
from this data set in patients up to 65 years of age. The 
score is the simple count of how many of seven binary 
adverse prognostic factors (summarized in Table 7.3) of 
approximately similar prognostic impact are present: 
age ³45, male gender, stage IV, albumin <4.0  g/dL, 
hemoglobin <10.5 g/dL, leukocytosis >15 × 109/L, and 
lymphocytopenia (lymphocyte count <0.6 × 109/L, or 
<8% of leukocytes, or both).

The IPS predicts 5-year tumor control rates in the 
range of 45–80%. Each additional factor reduces the 
prognosis by about 8%. Figure 7.7 shows freedom from 
progression according to the number of adverse prognos-
tic factors for 1,618 patients in the International Prognostic 
Factors Project on advanced Hodgkin disease.
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Fig. 7.6  Progression-free survival in 260 patients with advanced 
disease according to International Prognostic Score (IPS) and 
PET results after two cycles of ABVD. (Reprinted from [133] 
with permission)
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Since its publication, the IPS has performed reason-
ably well in independent data sets [138–142]. With 
intensified BEACOPP chemotherapy outcome uni-
formly improved in all IPS groups [138]. Differences 
persisted, but were quantitatively reduced.

Two publications compared several prognostic 
models [78, 140]. None of the models including the 
IPS is able to select neither a very low risk group (e.g., 
<10% failure rate) or a substantial very high risk group 
(>50%). The prognostic models only discriminate 
between relatively low risk and relatively high risk 
patients (e.g., IPS £ 2 vs. IPS > 2). Until new powerful, 
biologically more specific prognostic markers emerge, 
the IPS remains a workable method of choice and is 
currently used in intergroup trials to select higher-risk 
advanced stage patient for treatment intensification.

Several authors tried to extend the IPS beyond 
advanced stages, and according to some literature the 
IPS works nicely to predict outcome after autologous 
hemapoietic stem cell transplantation [143]. It appears 
to be moderately predictive in early and intermediate 
stages, extending the factor stage IV to include any 
extranodal disease [52, 144].

7.5 � Prognostic Factors  
for Outcome After Relapse

Relapses of Hodgkin lymphoma after radiotherapy 
alone are qualitatively different from relapses after 
chemotherapy alone or combined modality therapy. 

Both freedom from second relapse and overall survival 
are considerably better for patients relapsing after 
radiotherapy alone than for the others [61, 145, 146]. 
However, today patients are rarely treated with radio-
therapy alone except for patients with lymphocyte pre-
dominance subtype. Hence, it is now very rare for 
patients to relapse after radiotherapy alone.

7.5.1 � Patients Treated for Relapse  
with Conventional Treatment

Patients relapsing after initial treatment with chemo-
therapy or combined modality therapy, whether for 
early stage or advanced disease, have a poor prognosis 
with conventional chemotherapy. Durable remissions 
are obtained in only 10–30% of cases [147–154]. The 
extent and duration of the initial remission is the most 
important prognostic factor for outcome after relapse. 
Patients who never achieve a complete remission have 
an extremely poor prognosis, patients who relapse 
within 12 months of complete remission have an inter-
mediate prognosis, and patients who relapse more than 
12 months after achieving complete remission have the 
best prognosis [147–151, 154, 155]. But even for the 
latter, long-term outlook is poor with conventional 
chemotherapy. Figure  7.8 shows survival curves for 
patients relapsing after initial chemotherapy divided 
into these three prognostic groups [156]. Patients in 
second or higher relapse have a dismal prognosis [153, 
157, 158].

Fig. 7.7  Freedom from progression 
according to the number of adverse 
prognostic factors (see Table 7.3) for 1,618 
patients with advanced disease in the 
International Prognostic Factors Project. 
(Reprinted from [76] with permission)
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The extent of disease at relapse is also indepen-
dently significant for prognosis. Advanced stage, 
extranodal disease, and more than three involved sites 
at relapse are adverse prognostic factors [147, 148, 
154, 159]. Age, performance status, histology other 
than nodular sclerosis, B-symptoms at relapse, and a 
low hemoglobin have also been shown to be significant 
[147, 150, 151, 154, 155, 159]. Prognostic factors that 
have been shown to be independently significant for 
outcome after relapse following primary chemother-
apy or combined modality therapy are summarized in 
Table 7.4.

A subgroup of patients relapsing after chemotherapy 
have anatomically limited relapse in nodal sites alone. 
For selected patients in this subgroup, radiotherapy 
with or without additional chemotherapy offers some 
chance of durable remission [151, 160–165]. Prognostic 

factor analyses indicate that patients suitable for this 
kind of relapse treatment are those relapsing exclu-
sively in supradiaphragmatic nodal sites, with no 
B-symptoms at relapse, with favorable histology (lym-
phocyte predominance or nodular sclerosis), and after 
a disease-free interval of 12 months or more [160, 161, 
164, 166]. In patients with these favorable characteris-
tics durable remission with radiotherapy may be 
achieved in up to 50% of cases.

7.5.2 � Patients Treated for Relapse  
with High-Dose Chemotherapy  
and Stem Cell Transplantation

High-dose chemotherapy with stem cell transplanta-
tion is superior to conventional chemotherapy in 
patients relapsing after chemotherapy or combined 
modality treatment [167, 168]. It is the preferred treat-
ment in patients able to tolerate intensive treatment.  
A number of prognostic factors are independently sig-
nificant for therapeutic outcomes in this situation. The 
chemosensitivity of the disease is extremely important. 
Hence, the response to initial or salvage therapy, the 
duration of initial remission, and the number of prior 
failed regimens have been shown to be important for 
outcome [169–178].

The disease burden before transplantation is 
another important prognostic factor, and measures 

Extent and durability of first remission

Extent of disease at relapse (relapse stage, extranodal 
relapse, ³3 sites of relapse)

B-symptoms at relapse

Hemoglobin at relapse

Histology

Age

Performance status

Table 7.4  Prognostic factors for outcome after relapse treated 
with conventional salvage treatment

Fig. 7.8  Overall survival  
of patients with primary 
progressive, early relapse,  
or late relapse of Hodgkin 
lymphoma, treated in the 
German Hodgkin Study 
Group from 1988 to 1999, 
primarily with conventional 
salvage. (Reprinted from 
[156] with permission)
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reflecting tumor burden such as stage of disease, and 
bulky or extranodal disease at salvage have been 
shown to be independently significant [155, 169, 170, 
176, 179, 180]. B-symptoms, low hemoglobin, and an 
elevated serum LDH at relapse are also significant 
[170, 172, 174, 175, 181]. A poor performance status 
is an important adverse prognostic feature [169, 171, 
173], whereas age has not been significant in most 
series, probably due to the fact that most patients 
are relatively young at transplantation [182–186]. 
Pediatric patients have, however, the same outcome as 
adults [187].

The seven factors included in the IPS for advanced 
Hodgkin lymphoma have been examined [143]. Only 
low serum albumin, anemia, age ³45, and lymphocy-
topenia were independently significant. A simplified 
prognostic score including these four factors has been 
proposed, but it has not yet been tested in analyses 
including chemosensitivity and extent of prior therapy.

A number of studies have shown that an FDG-PET 
scan performed after two cycles of induction therapy 
before stem cell transplantation can predict which 
patients are likely to achieve long-term remission 
after the salvage regimen [188–193]. In most of the 
studies patients with different types of lymphoma are 
analyzed together, and Hodgkin patients are only a 
minority. Nevertheless, the result of an early PET 
scan in this setting is promising, but further research 
is needed.

The prognostic factors known to be independently 
significant for outcome after high-dose chemotherapy 
and stem cell transplantation are shown in Table 7.5.

7.6 � Use of Prognostic Factors  
in Clinical Trials

Optimizing the treatment strategy for Hodgkin lym-
phoma is an attempt to make all prognostic factors 
disappear [194]. Ideally, when the amount and aggres-
siveness of therapy is adequately tailored to the patient’s 
risk and disease burden nearly all patients should have 
the same excellent prognosis. For example, in data of 
the German Hodgkin’s Lymphoma Study Group, early, 
intermediate, and advanced stage patients have nearly 
the same failure-free survival curve with the advanced 
stage curve in the middle, but many patients are proba-
bly overtreated [194]. Thus, with therapeutic progress 
prognostic factors should be expected to lose their 
prognostic value and become mere “disease burden” 
indicators.

As such, prognostic factors help to stratify the 
patient population into more homogeneous groups 
which are then treated with disease burden adapted 
treatment options. Together with strategies of response 
adaptation, this hopefully will lead to increasingly 
individualized and more adequate treatment.

7.6.1 � Prognostic Factor  
Combinations Currently  
Used by Major Trial Groups

In clinical trials, prognostic factors are primarily used 
in the definition of the study population (entry and 
exclusion criteria). Further uses include description of 
study population and adjustment for prognostic imbal-
ances in the final analysis.

Inclusion criteria that are currently used differ by 
trial and study group. The Hodgkin lymphoma patients’ 
population does not fall into naturally defined groups. 
Instead, prognosis varies on a continuum scale from 
low-risk minimal disease to high-risk maximally 
advanced disease. The delineation of study popula-
tions depends on the prognosis, the respective thera-
peutic approach, and study group history.

The classical Ann Arbor [9] or Cotswold [18] staging 
systems are based on the anatomic distribution of the 
disease. The Ann Arbor staging system is well estab-
lished and universally accepted and still forms the refer-
ence system for most definitions of study entry criteria. 
Most study groups currently use hybrid systems to define 

Chemosensitivity of the disease
  Response to initial or salvage therapy
  Duration of initial remission
  Number of failed prior regimens
  Early interim FDG-PET scan

Disease burden before salvage
  Stage of disease at salvage
  Bulky disease at salvage
  Extranodal relapse

B-symptoms at relapse

Hemoglobin at relapse

Serum LDH at relapse

Table  7.5  Prognostic factors for outcome after high-dose 
chemotherapy and stem cell transplantation for refractory or 
recurrent disease
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their study entry criteria, basically using stage and in 
addition presence or absence of unfavorable prognostic 
factors (also called risk factors in this context).

Most study groups divide Hodgkin lymphoma 
patient population into two (early vs. advanced stages) 
or three (early vs. intermediate vs. advanced stages) 
separate trials or treatment groups. Attempts to use a 
fourth “very favorable” early stage group with minimal 
treatment have been abandoned by the EORTC [195]. 
Tables 7.6 and 7.7 describe inclusion criteria currently 
or recently used by study groups in early stage and 
advanced disease respectively.

Early stages comprise patients in whom full sys-
temic treatment is considered overtreatment. As the 
prognosis in this group is excellent, study questions 
focus on curative intent with minimal toxicity or cost. 
Table  7.6 illustrates that early stages are typically 
defined as stage I or II without risk factors, with lists 

of  unfavorable prognostic factors that vary by study 
group.

Studies in advanced stage Hodgkin lymphoma include 
patients from the unfavorable end of the prognostic scale 
in which full systemic treatment is required. Clinical  
trials either focus on improving results in high-risk 
advanced stages or minimizing side effects of treatments 
felt to be satisfactory. Most study groups have stages 
IIIB/IV as the core group of advanced disease (Table 7.7). 
Studies differ in whether they include all stage IIIA 
patients, none, or only selected stage IIIA patients with 
unfavorable prognostic factors. Some groups also include 
stages I and II with “systemic” risk factors.

Stages I and II with risk factors and stage IIIA form 
what may be called “intermediate stages.” “Intermediate 
stage” essentially denotes a gray zone between early 
and advanced disease. Study aims and the treatment 
modalities therefore overlap.

Study group “Early stage” vs. “intermediate stage/advanced disease”  
(Early stage = stages I or II without any of the listed risk factors)

EORTC
(H7 study, H8 study, H9 study)

Age >50
4+ involved nodal sites
ESR >50 mm/h or B-symptoms and ESR >30 mm/h
Bulky mediastinum (mediastinal thoracic ratio ³0.35)
(Infradiaphragmatic disease)

Cancer Research UK
FDG-PET

B-symptoms
Infradiaphragmal disease
Large mediastinal mass (>0.33 of the thoracic aperture)

GHSG
(HD7 study, HD10  
study, HD13 study)

Large mediastinal mass (>0.33 of the thoracic aperture)
Massive spleen involvement
E-lesions
ESR >50 mm/h or B-symptoms and ESR >30 mm/h
3+ involved lymph-node areas

SWOG (9133)
CALGB (9391)

B-symptoms
Mediastinal mass ³1/3 maximum thoracic diameter
Infradiaphragmatic presentation

NCI-C B-symptoms
Mixed cellularity or lymphocyte depletion
Age >40 years
ESR >50 mm/h
4+ disease sites

Stanford
(G1 study ,G5 study)

Constitutional (B) symptoms present at diagnosis
Mediastinal mass equal to or greater than one-third the maximum  
intrathoracic diameter on a standing posteroanterior chest X-ray
Any lymph node mass >10 cm in greatest transaxial diameter
Two or more extranodal sites of disease

Table 7.6  Eligibility criteria of recent or current studies in early stages. “Early stage” disease is typically defined by stage I or II 
and the absence of certain unfavorable prognostic factors

EORTC European Organization for Research and Treatment of Cancer; GHSG German Hodgkin’s Lymphoma Study Group; SWOG 
Southwest Oncology Group; CALGB Cancer and Leukemia Group B; NCI-C National Cancer Institute of Canada 
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7.7 � Conclusion and Future Aspects

As demonstrated above, a large number of variables 
have been shown to possess prognostic significance in 
Hodgkin lymphoma, both at presentation and in the 
relapse situation. Today, treatment is tailored to prog-
nostic factors, with the aim of decreasing treatment 
intensity for patients with favorable characteristics in 
order to reduce toxicity, and increasing treatment inten-
sity for patients with unfavorable characteristics with the 
aim of increasing cure rates. Different centers and groups 
use slightly differing criteria for treatment selection, 
which may make direct comparisons problematic, thus 
making some form of international harmonization desir-
able. The introduction of functional imaging with FDG-
PET very early in the treatment as a prognostic marker 
opens up new possibilities for tailoring treatment, but 

further research is needed before it is implemented for 
routine use to determine treatment intensity.
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FFTF	 Freedom from treatment failure
GELA	 Groupe d’Études des Lymphomes Adultes
GHSG	 German Hodgkin Study Group
HL	 Hodgkin lymphoma
IFRT	 Involved-field radiation therapy
IMRT	 Intensity-modulated radiotherapy
INRT	 Involved node radiation therapy
LPHL	 Lymphocye predominance HL
MOP-BAP	� Mechlorethamine, Oncovin [vincristine], 

prednisone, bleomycin, Adriamycin  
(doxorubicin), and procarbazine

MOPP	� Mustargen, Oncovin, procarbazine, pred
nisone

MSKCC	 Memorial Sloan Kettering Cancer Center
NCCN	 National Comprehensive Cancer Network
OS	 Overall survival
PET	 Positron emission tomography
PTV	 Planned treatment volume
RT	 Radiation therapy
STLI	 Subtotal lymphoid irradiation
TLI	 Total lymphoid irradiation
TSH	 Thyroid-stimulating hormone

8.1 � Principles of Radiation Therapy  
of Hodgkin Lymphoma

Radiation therapy (RT) is a major component of the cur-
rent successful treatment of Hodgkin lymphoma (HL). 
For decades, radiation was used alone to cure the major-
ity of patients with HL; RT is still the most effective sin-
gle agent in the the oncologic armamentarium for this 
disease, and it remains the treatment of choice for patients 
with early-stage lymphocye predominance HL (LPHL) 
and for selected patients with classic HL who have con-
traindications to chemotherapy [1]. Currently, most 
patients with HL are treated with combined modality 
programs in which RT is given as consolidation after 
chemotherapy. As the role of RT has transformed over 
the years from a single modality into a component of 
combined modality therapy, the classic principles of RT 
fields, dose, and technique have fundamentally changed.

The following principles guide the current strategy 
of using RT in HL:

1. 	RT as a part of a combined modality program is 
radically different from the large-field, high-dose 
RT that was used in the past. The volume and doses 

that are required following chemotherapy are sig-
nificantly less than when RT is used alone. In addi-
tion, the planning and delivery of RT has improved 
considerably over the last two decades.

2. 	Adding RT to chemotherapy improves disease con-
trol and allows the administration of shorter and less 
toxic chemotherapy programs for all stages of HL.

3. 	The new “mini-radiotherapy” for HL is well toler-
ated and results in a decreased risk for long-term 
morbidities that were associated with large-field, 
high-dose RT in the past [2].

8.2 � The Evolution  
of Radiotherapy for HL

RT has been used in the management of HL since 
shortly after the discovery of X-rays [3, 4]. Initially it 
was used for local palliation, but careful study by pio-
neers in the field including Rene Gilbert and Vera 
Peters demonstrated that more aggressive treatment 
with higher doses and larger fields resulted in the 
cure of many patients, especially those who presented 
with limited disease [5, 6]. At Stanford, Henry Kaplan, 
advantaged by access to the medical linear accelerator, 
refined the RT concepts and together with Saul 
Rosenberg advocated strongly for the curative potential 
of RT [7]. RT remained the standard therapy for patients 
until effective chemotherapy was developed in the sec-
ond half of the twentieth century. The success of che-
motherapy and appreciation of adverse late events 
linked to RT such as secondary solid tumors and car-
diac disease led to a decrease in the use of RT, but the 
eventual realization that its judicious application in 
lower doses and more tailored fields could enhance 
curability and allow decrease in chemotherapy doses 
led to the development of programs of refined com-
bined modality therapy.

This refinement includes the use of involved field RT 
techniques that improve conformality and dose homo-
geneity. These field reductions require detailed clinical 
information to delineate the target accurately. Pre- and 
postchemotherapy imaging is required to define the 
tumor volume. The integration of computed tomogra-
phy (CT) and positron emission tomography (PET)/CT 
treatment planning reduces the variability in treatment 
field design. A margin of safety to address subclinical 
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disease, and random and systematic error, is still neces-
sary in field setup, but techniques to minimize inaccura-
cies in treatment planning and delivery continue to 
improve. The tailoring of the radiation field to the ini-
tially involved lymph nodes has been termed involved 
node radiation therapy (INRT). The volumes for INRT 
are designed to be smaller than the classic IFRT that 
encompasses entire predefined anatomical regions. 
Recommendations for INRT design have been estab-
lished and INRT is increasingly implemented in com-
bined modality programs, particularly in Europe [8].

8.3 � Indications for Radiation  
Therapy in HL

It is important to distinguish between classical HL and 
nodular lymphocyte-predominant HL (LPHL). The 
management of each entity is different. Most patients 
with LPHL may be treated with radiation alone, with 
curative intent, whereas combined modality therapy is 
the standard approach for the majority of patients with 
classical HL.

8.3.1 � Lymphocyte-Predominant HL

Most (>75%) patients with LPHL present with stage 
IA or IIA disease; the disease is commonly limited  
to one peripheral site (neck, axilla, or groin) and 
involvement of the mediastinum is extremely rare. The 
American National Comprehensive Cancer Network 
(NCCN) guidelines [9], the German Hodgkin 
Lymphoma Study Group (GHSG), and the European 
Organization for Research and Treatment of Cancer 
(EORTC) currently recommend involved-field radia-
tion alone as the treatment of choice for early-stage 
LPHL. Since the mediastinum is rarely involved, it 
need not be treated, thus avoiding the site most respon-
sible for radiation-related short- and long-term side 
effects. In a recent retrospective study of 131 patients 
with stage IA disease, 98% of patients obtained a com-
plete response (CR), 98% after extended-field RT 
alone, 100% after involved-field RT alone, and 95% 
after combined modality therapy [10]. With a median 
follow-up of 43 months only 5% of patients relapsed 
and only three patients died. Toxicity of treatment was 

generally mild and was the greatest in association with 
combined modality therapy. Two other studies, one 
from the Peter MacCallum in Australia [11], and 
another from the Dana Farber in Boston, supported the 
adequacy of limited-field RT for LPHL and suggested 
a reduced risk of second tumors compared to extended-
field RT [12].

Although there has not been a prospective study 
comparing extended-field RT (commonly used in the 
past) with involved field RT, retrospective data suggest 
that the involved field is adequate [10, 13]. The radia-
tion dose recommended is 30–36 Gy with an optional 
additional boost of 4 Gy to a (rare) bulky site.

8.3.2 � Classical Hodgkin: Early Stage

Over the last two decades, the treatment of stage I–II 
classical HL has changed markedly. Combined modal-
ity therapy consisting of short-course chemotherapy 
(most often ABVD) followed by reduced-dose radia-
tion carefully directed only to the involved lymph 
node(s) site has replaced radiation alone as the treat-
ment of choice. Combined modality is the standard 
treatment for favorable and unfavorable presentations 
of early-stage disease in Europe, including the EORTC/
GELA (Groupe d’Études des Lymphomes Adultes) and 
GHSG. In the United States, chemotherapy followed by 
involved-field radiation therapy (IFRT) is the preferred 
treatment recommended by the NCCN guidelines [9].

Several randomized studies have demonstrated that 
excellent results in stage I–II may be obtained with com-
bined modality treatment that includes only IFRT – more 
extensive fields of total or subtotal lymphoid irradia-
tion (STLI and TLI) are not required.

The strategy to reduce the number of chemotherapy 
cycles and/or the radiation dose was tested by two 
large-scale randomized studies conducted by the 
GHSG. In the HD10 study, 1,370 patients with early 
favorable HL were randomly assigned in a 2 × 2 facto-
rial design to receive either four or two cycles of ABVD 
followed by 30 or 20  Gy IFRT. The 8-year freedom 
from treatment failure (FFTF) and overall survival 
(OS) for all patients were 87 and 95%, respectively. 
Most importantly, there were no significant differences 
between patients receiving the minimal treatment of 
ABVDX2 followed by IFRT of only 20 Gy and patients 
receiving more chemotherapy and/or more RT [14].
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Patients with unfavorable early-stage HL (n = 1,395) 
were randomized on the GHSG HD-11 to receive 
either four cycles of ABVD or four cycles of baseline 
BEACOPP, followed by IFRT of either 30 or 20 Gy. 
Five-year FFTF and OS for all patients were 85 and 
94.5%, respectively. There was no difference in FFTF 
when BEACOPPX4 was followed by either 30 or 
20 Gy and similar excellent results were obtained with 
ABVDX4 and IFRT of 30 Gy. Patients who received 
ABVDX4 and only 20 Gy had FFTF that was lower by 
4%. OS was similar in all treatment groups [15].

These large trials of the GHSG, as well as studies of 
the EORTC, have established combined modality ther-
apy with limited RT as the treatment of choice for 
patients with stage I–II disease. Although there have 
been small reports using chemotherapy alone for patients 
with stage I–IIA disease, this approach is suitable for 
only a small proportion of patients and has been associ-
ated with a greater risk for relapse. Recently a meta-
analysis by the Cochrane group pooled together all the 
randomized studies comparing chemotherapy alone to 
combined modality showed a statistically significant 
advantage for combined modality over chemotherapy 
alone in both tumor control and overall survival [16].

8.3.3 � Advanced-Stage HL

Although the role of consolidative RT after induction 
chemotherapy in stage III–IV remains controversial, 
irradiation is often added in patients who present with 
bulky disease or remain in uncertain complete remis-
sion after chemotherapy [17]. Retrospective studies 
have demonstrated that adding low-dose radiotherapy 
to all initial disease sites following chemotherapy 
decreases the relapse rate by ~25% and significantly 
improves overall survival. The results of prospective 
studies testing the concept have been conflicting [18, 
19]. A Southwest Oncology Group (SWOG) random-
ized study of 278 patients with stage III–IV HL sug-
gested that the addition of low-dose irradiation to all 
sites of initial disease after a CR to MOP-BAP (mechlo-
rethamine, Oncovin [vincristine], prednisone, bleomy-
cin, Adriamycin [doxorubicin], and procarbazine) 
chemotherapy improves remission duration [20]. An 
intention-to-treat analysis showed that the advantage 
of combined modality therapy was limited to patients 
with nodular sclerosis. No survival differences were 

observed. A meta-analysis of several randomized stud-
ies demonstrated that the addition of radiotherapy to 
chemotherapy reduces the rate of relapse but did not 
show survival benefit for combined modality compared 
to chemotherapy alone [21].

The EORTC reported the results of a randomized 
study that evaluated the role of IFRT in patients with 
stage III–IV Hodgkin disease who obtained a CR after 
MOPP/ABV [22]. Patients received six or eight cycles 
of MOPP/ABV chemotherapy (number of cycles 
depended upon the response). Patients who did not 
achieve a CR (40%) were not randomized, but were 
assigned to receive IFRT. Among the 333 randomized 
patients, the 5-year overall survival rates were 91% (no 
RT) and 85% (RT) (p = 0.07).The authors concluded 
that IFRT did not improve outcome for patients with 
stage III–IV HL who achieved a CR after six to eight 
courses of MOPP/ABV chemotherapy. The data indi-
cated more cases of leukemia among patients who 
achieved a CR and were treated with RT, compared to 
those treated with chemotherapy alone, but surpris-
ingly this was not in the case for the large group of 
patients who did not achieve a CR with chemotherapy, 
all of whom received RT. This suggests that the 
increased mortality on the randomized RT arm was a 
statistical aberration resulting from small number of 
events. Interestingly, among the partial responders 
after six cycles of MOPP/ABV, the addition of IFRT 
yielded overall survival and event-free survival rates 
that were similar to those obtained among patients who 
achieved a CR to chemotherapy. There are other limi-
tations of the EORTC study that affect its applicability. 
A relatively small proportion of patients achieved a CR 
and were eligible for randomization. The MOPP/ABV 
regimen is quite toxic and has been abandoned for use 
in North America [23]. Relatively few patients with 
bulky disease were randomized on the trial, making 
interpretation of results in this important subgroup 
challenging. Lastly, the purported increase for second-
ary malignancy following combined modality therapy 
was not evident in the PR patients, all of whom received 
even higher doses of RT to initially involved sites.

Another randomized study that evaluated the role of 
consolidation RT after CR to chemotherapy used 
ABVDX6 (the most common regimen currently used 
for advance-stage HL). This trial was conducted at the 
Tata medical center in India [24]. It included patients 
of all stages, but almost half were stage III–IV. A sub-
group analysis of the advanced-stage patients showed 
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a statistically significant improvement of both 8-year 
event-free survival (EFS) and 8-year overall survival 
with added RT compared to ABVD alone (EFS 78 vs. 
59%; p < 0.03 and OS 100 vs. 80%; p < 0.006).

When advanced-stage HL is treated with the new 
highly effective and less toxic treatment program of 
Stanford V, it is imperative to follow the brief chemo-
therapy program with involved field radiotherapy to 
sites originally larger than 5  cm or to a clinically 
involved spleen [25]. When these RT guidelines were 
not followed and RT was completely or partially omit-
ted, the results were inferior [26].

In summary, patients in CR after full dose chemo-
therapy program like MOPP/ABV may not need RT 
consolidation. Yet, patients with bulky disease, incom-
plete or uncertain CR or patients treated on brief che-
motherapy programs will benefit from involved field 
RT to originally bulky or residual disease.

8.3.4 � RT in Salvage Programs  
for Refractory and Relapsed HL

High-dose therapy supported by autologous stem cell 
transplantation (ASCT) has become a standard salvage 
treatment for patients who relapsed or remained refrac-
tory to primary therapy. Many of these patients have 
not received prior radiotherapy or have relapsed at 
sites outside the original radiation field. These patients 
could benefit from integrating radiotherapy into the 
salvage regimen.

Poen and colleagues from Stanford analyzed the 
efficacy and toxicity of adding cytoreductive or con-
solidative RT to 24 of 100 patients receiving high-dose 
therapy [27]. When involved sites were irradiated in 
conjunction with transplantation, no in-field failures 
occurred. While only a trend in favor of IF-RT could 
be shown for the entire group of transplanted patients, 
analysis restricted to patients who had no prior RT or 
those with relapse stage I–III demonstrated significant 
improvement in freedom from relapse. Fatal toxicity in 
this series was not influenced significantly by IF-RT.

At Memorial Sloan Kettering Cancer Center 
(MSKCC), a program that integrated RT into the high-
dose regimen for salvage therapy was developed and 
included accelerated hyperfractionated irradiation 
(b.i.d. fractions of 1.8 Gy each) to start after the com-
pletion of reinduction chemotherapy and stem cell 

collection and prior to the high-dose chemotherapy 
and stem cell transplantation. Patients who have not 
been previously irradiated received involved field RT 
(18 Gy in 5 days) to sites of initially bulky (>5 cm) 
disease and/or residual clinical abnormalities, followed 
by total lymphoid irradiation (TLI) of 18 Gy (1.8 Gy 
per fraction, b.i.d.) during an additional 5 days. 
Patients who had prior RT received only involved-
field RT (when feasible) to a maximal dose of 36 Gy. 
This treatment strategy has been in place since 1985 
with over 350 patients treated thus far. The first gen-
eration program demonstrated an EFS of 47% [28]. 
The recent report of the second generation two-step 
high-dose chemoradiotherapy program indicated that 
after a median follow-up of 34 months the intent-to-
treat event-free survival and overall survival were 58 
and 88%, respectively. For patients who underwent 
transplantation, the EFS was 68% [29]. Treatment-
related mortality was 3% with no treatment-related 
mortality over the last 10 years. The results of this 
treatment program in refractory patients were similar 
to those of relapsed patients [30]. Both groups showed 
favorable EFS and overall survival compared to most 
recently reported series. Recent report on quality of 
life and treatment-related complications of long-tem 
survivors of the MSKCC program disclosed only a 
small number of late complications and is highly 
encouraging [31].

8.4 � Radiation Fields:  
Principles and Design

In the past, radiation-fields design attempted to include 
multiple involved and uninvolved lymph node sites. 
The large fields known as mantle, inverted Y, and TLI 
were synonymous with the radiation treatment of HL. 
These fields are now only rarely used. IFRT encom-
passes a significantly smaller but adequate volume 
when radiotherapy is used as consolidation after che-
motherapy in HL. Even when radiation is used as pri-
mary management for LPHL, the field should be limited 
to the involved site or to the involved sites and immedi-
ately adjacent lymph node groups. Extending this con-
cept further, even more limited radiation fields termed 
INRT have been introduced into investigational com-
bined modality programs, primarily in Europe [8].
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The terminologies that define radiation fields may 
be confusing and create difficulties in comparing treat-
ment programs. However, general definitions and 
guidelines are available and should be followed.

The following are definitions of types of radiation 
fields used in HL.

8.4.1 � Involved Field

This field is limited to the clinically involved lymph 
node region. For extra-nodal sites, the field includes 
the organ alone (if no evidence for lymph node involve-
ment). The “grouping” of lymph nodes is not clearly 
defined, and involved field borders for common pre-
sentation of HL are noted below (Fig. 8.1a–c).

8.4.2 � Extended Field

This field includes the involved lymph node group field 
plus the adjacent clinically uninvolved region(s). For 

extra nodal disease, it includes the involved organ plus 
the clinically uninvolved lymph nodes region (Fig. 8.2).

It was common during the era of treatment with RT 
alone to treat large fields encompassing multiple lymph 
node regions, both involved and uninvolved. The field 
design that includes all of the supradiaphragmatic 
lymph node regions was referred to as the mantle field. 
The field that includes all lymph nodes sites below the 
diaphragm (with or without the spleen and called after 
its shape) is the inverted Y (Figs. 8.3 and 8.4).

When radiation treatment includes all lymph nodes 
on both sides of the diaphragm, mantle plus inverted Y, 
the resulting field is called TLI or total nodal irradia-
tion (TNI), if the pelvic lymph nodes are excluded the 
field is called STLI (Fig. 8.5).

8.4.3 � Involved Node(s) Field

This is the most limited radiation field that has just 
recently been introduced [8]. The clinical treated 
volume (CTV) includes only the originally involved 
lymph node(s) volume (prechemotherapy) with the 
addition of 1  cm margin to create planned treatment 

a

Fig. 8.1  Involved-field radiation therapy. (a) Stage I HL involv-
ing the right neck. (b) Stage II HL involvement of the right neck 
and the left lower neck. (c) Stage IIX HL with involvement of 
the right neck, bulky mediastinum, right hilum, and right cardio-

phrenic area. Top: CT scan display of the mediastinum; bottom 
left: FDG-PET mapping of disease involvement; bottom right: 
involved field covering the right neck, left supraclavicular area, 
mediastinum, and right costophrenic area
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c

b

Fig. 8.1  (continued)
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Fig. 8.2  Regional field RT. Stage I HL involving the left axilla. Top: CT scan display; bottom left: treatment with the arm up; bottom 
right: treatment with the arm akimbo

Fig. 8.3  Mantle field (anterior aspect) Fig. 8.4  Inverted Y field (anterior aspect)
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volume (PTV) (Figs. 8.6 and 8.7). Several groups have 
begun to evaluate the potential advantages and risks of 
this minimal RT volume approach, but only short out-
come data are available, and treatment techniques and 
guidelines are still evolving. At present, IFRT, as described 
in more detail below, remains the usual treatment field in 
combined modality programs, although further reduc-
tions in field extent are often incorporated based on avail-
ability of adequate imaging, prechemotherapy clinical 
information, and clinical judgment.

8.5 � Guidelines for Delineating  
the Involved Fields [32]

1. 	IFRT is treatment of a region, not of an individual 
lymph node.

2. 	The main involved-field nodal regions are neck  
(unilateral), mediastinum (including the hilar regions 
bilaterally), axilla (usually including the supra-
clavicular and infraclavicular lymph nodes), spleen, 
paraaortic lymph nodes, and inguinal (including the 
femoral and iliac) nodes.

3. 	In general, the fields include the involved pre-
chemotherapy sites and volume, with an important 

Fig. 8.6  Involved lymph 
nodes field. Single lymph 
node in the left lower neck 
prior to chemotherapy (left) 
and following chemotherapy 
(right). The border of the 
field encompass the original 
volume of the node and not 
of the whole unilateral neck 
(as in IFRT approach). 
(Courtesy of Dr. Theodore 
Girinsky from Institute 
Goustave-Roussy)

Mantle

Paraaortic

Pelvic

Fig. 8.5  Subtotal and total lymphoid irradiation (STLI and TLI) 
fields. Subtotal lymphoid irradiation will include the mantle and 
paraaortic fields; if the pelvic field is also included, the field is 
called total lymphoid irradiation. In this diagram, the spleen was 
resected and only the splenic pedicle is irradiated. If the spleen 
remains intact, it is included in the paraaortic−splenic field
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exception being the transverse diameter of the 
mediastinal and paraaortic lymph nodes. For the 
field width of these sites, it is recommended to use 
the reduced postchemotherapy diameter (width). In 
these areas, the regression of the lymph nodes is 
easily depicted by CT and/or PET imaging, and the 
critical normal tissues are saved by reducing the 
irradiated volume.

4. 	The supraclavicular lymph nodes are considered part 
of the cervical region and if involved along with other 
cervical nodes, the entire ipsilateral neck is treated. 
However, if the supraclavicular involvement is an 
extension of mediastinal disease and other areas of 
the neck are not involved (based on PET–CT imag-
ing), the upper neck (above the larynx) is spared. 
This is to spare irradiation of the salivary glands.

5. 	If 3D treatment planning is employed and pre-
chemotherapy PET–CT imaging is fused to the 
treatment planning CT, involved field treatment 
should generally extend 2–5 cm proximal and distal 
to involved nodes and adequate medial and lateral 
margins to ensure coverage of the lymph node 
chains. Although using a dedicated CT simulator 
for designing involved fields is highly recom-
mended, the anatomic borders for conventional 
treatment fields are easy to outline (most are bony 
landmarks) and plan on a 2D standard simulation 
unit. However, CT data are preferred for outlining 
the mediastinal and paraaortic region and will also 
help in designing the axillary field.

6. 	Prechemotherapy and postchemotherapy informa-
tion (both CT and PET) regarding lymph node 
localization and size is critical and should be avail-
able at the time of planning the field.

8.6 � Involved Field Guidelines  
for Common Nodal Sites

8.6.1 � Unilateral Cervical/ 
Supraclavicular Region

Involvement at any cervical level with or without involve-
ment of the supraclavicular (SCL) nodes (Fig. 8.1a).

Arm position: akimbo or at sides. Upper border: 
1–2 cm above the lower tip of the mastoid process and 
midpoint through the chin. Lower border: 2 cm below 
the bottom of the clavicle. Lateral border: To include 
the medial 2/3 of the clavicle. Medial border: (a) If the 
supraclavicular nodes are not involved, the border is 
placed at the ipsilateral edge of the vertebral body or 
ipsilateral transverse processes, except when medial 
nodes close to the vertebral bodies are seen on the ini-
tial staging neck CT scan. When medial nodes are 
involved, the entire vertebral body is included. (b) 
When the supraclavicular nodes are involved, the bor-
der should be placed at the contra-lateral traverse pro-
cesses. For patients with stage I disease, the larynx and 
vertebral bodies above the larynx can be blocked 
(assuming no medial cervical nodes). Blocks: A poste-
rior cervical cord block is required only if the calcu-
lated cord dose exceeds 40 Gy. Midneck calculations 
should be performed to determine the maximum cord 
dose, especially when the central axis is in the medi-
astinum. A laryngeal block should be used, unless 
lymph nodes are present in that location. In that case 
the block should be added at 20 Gy.

8.6.2 � Bilateral Cervical/ 
Supraclavicular Region

Both cervical and supraclavicular regions should be 
treated as described above regardless of the extent of 
disease on each side. Posterior cervical cord and lar-
ynx blocks should be used as described above. Use a 
posterior mouth block if treating the patient supine 
(preferably with an extended travel couch at greater 

Fig. 8.7  Involved lymph node field in the mediastinum. Note: 
The length of the treated area is determined by original longitu-
dinal tumor diameter on CT scan while the width considers the 
decrease in transverse diameter following chemotherapy as 
determined by CT scan. (Courtesy of Dr. Theodore Girinsky 
from Institute Goustave-Roussy)
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than 100 cm FSD) to block the upper field divergence 
through the mouth (Fig. 8.1b).

8.6.3 � Mediastinum

Involvement of the mediastinum and/or the hilar nodes: 
In HL, this field includes also the medial SCL nodes 
even if not clinically involved.

Arms position: akimbo or at sides. The arms up 
position is optional if the axillary nodes are involved. 
Upper border: C5–C6 interspace. If supraclavicular 
nodes were also involved, the upper border should be 
placed at the top of the larynx and the lateral border 
should be adjusted as described in the section on treat-
ing neck nodes. Lower border: The lower of (a) 5 cm 
below the carina or (b) 2 cm below the prechemother-
apy inferior border. Lateral border: The postchemo-
therapy volume with 1.5 cm margin. Hilar area: To be 
included with 1  cm margin unless initially involved 
where as the margin should be 1.5 cm.

If paracardiac lymph nodes are involved, they 
should be treated either as an extension of the medi-
astinal field or if significantly lower than the mediasti-
nal field as a separate targeted involved lymph node 
area. Irradiation of the whole heart (for even a lower 
dose) is not recommended in most cases (Fig. 8.1c).

8.6.4 � Mediastinum with Involvement  
of the Cervical Nodes

When both cervical regions are involved, the field is a 
mantle, without the axilla, using the guidelines 
described above. If only one cervical chain is involved 
the vertebral bodies, contralateral upper neck, and lar-
ynx can be blocked as previously described. Because 
of the increased dose to the neck (the isocenter is in the 
upper mediastinum), unless compensators or wedges 
are employed, the neck above the lower border of the 
larynx should be shielded at ~30 Gy.

8.6.5 � Axillary Region

The ipsilateral axillary, infraclavicular, and supraclavicu-
lar areas are generally treated when the axilla is involved. 

Whenever possible, use CT-based planning for this region. 
Arms position: akimbo or arms up. Upper border: C5–C6 
interspace. Lower border: The lower of the two: (a) the tip 
of the scapula or (b) 2 cm below the lowest axillary node. 
Medial border: Ipsilateral cervical transverse process. 
Include the vertebral bodies only if the supraclavicular 
nodes are involved. Lateral border: Flash axilla (Fig. 8.2).

8.6.6 � Spleen

The spleen is treated only if abnormal imaging was 
suggestive of involvement. The postchemotherapy vol-
ume is treated with 1.5 cm margins, preferably utiliz-
ing respiratory gating.

8.6.7 � Abdomen (Paraaortic Nodes)

Upper border: Top of T11 and at least 2 cm above pre-
chemotherapy volume. Lower border: Bottom of L4 
and at least 2  cm below prechemotherapy volume. 
Lateral borders: The edge of the transverse processes 
and at least 2 cm from the postchemotherapy volume. 
A case illustration is shown in Fig. 8.8a, b.

8.6.8 � Inguinal/Femoral/External  
Iliac Region

These ipsilateral lymph node groups are treated together 
if any of the nodes are involved (Fig. 8.9a, b).

Upper border: Middle of the sacro-iliac joint. Lower 
border: 5 cm below the lesser trochanter Lateral bor-
der: The greater trochanter and 2 cm lateral to initially 
involved nodes. Medial border: Medial border of the 
obturator foramen with at least 2 cm medial to involved 
nodes. If common iliac nodes are involved the field 
should extend to the L4–L5 interspace and at least 
2 cm above the initially involved nodal border.

8.6.9 � Involved Field Radiotherapy  
of Extranodal Sites

In most cases, the whole involved organ is the target 
and draining lymph nodes are not included unless 
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involved. The optimal plan is 3D-conformal and 
CT-simulation based. The margins for the PTV depend 
on the quality of imaging and reliability of immobili-
zation, and most importantly, should account for organ 
motion during respiration. Typically, areas of extran-
odal extension in the head and neck require margins of 
1 cm and areas in the mediastinum, abdomen, and pel-
vis require margins of 2 cm.

8.7 � Technical Aspects  
of Radiotherapy for HL

8.7.1 � Choice of Equipment

The linear accelerator is the machine of choice for radio-
therapy of HL. The desired energy is 6 megavoltage 

a

b

Fig. 8.8  (a) Paraaortic and 
pelvic involvement. Top:  
CT illustrates massive 
paraaortic involvement with 
extension into the left kidney; 
bottom right: FDG-PET 
uptake; bottom left: renal 
scan demonstrating left 
kidney loss of function. (b) 
Treatment plan for the patient 
in Fig. 8.8a
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(MV) for treatment of peripheral nodal sites but higher 
energies such as 10 or 15 MV may be used for abdomi-
nal and thoracic tumors, depending on anatomy and 
choice of treatment plan. If high energies are used and 
superficial nodes require radiation, a “beam spoiler” or 
bolus should be used. A 6 MV beam is sufficiently pen-
etrating to produce good dose homogeneity throughout 
most treatment fields. The maximum dose point of a 
6 MV is close enough to the skin surface to avoid under-
dosing superficially located lymph nodes, such as the 
cervical or inguinal nodes. The dose inhomogeneity 
measured in fields treated with 6 MV beam may be as 
high as 10%, due primarily to differences in patient sep-
aration within the field and to large separations in big 
patients. For patients with large nodes right at the skin, 

tissue equivalent bolus may be needed to increase the 
subcutaneous dose.

8.7.2 � Positioning and Immobilization  
and Simulation

For most anatomical sites selected for IFRT as primary or 
complementary treatment of HL, CT simulation will pro-
vide essential information for determining treatment vol-
ume and optimal plan. This is particularly important as 
the recommended RT fields have become smaller. In cur-
rent practice, most radiation oncologists will incorporate 

a

b

Fig. 8.9  (a) Involvement of 
the right pelvic lymph nodes. 
Right: CT scan at the level of 
mid-pelvis; left: FDG-PET 
uptake. (b) Treatment 
volume for patient illustrated 
in Fig. 8.9a
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indirectly acquired or direct CT-simulation information 
into the treatment planning process. In selective cases, 
FDG-PET imaging and/or MRI performed in the same 
treatment position with fiduciary markers is also incorpo-
rated into the simulation and treatment planning process.

One of the important lessons learned from 3D treat-
ment planning is that radiotherapy accuracy during a 
course of fractionated radiation is only as good as the 
immobilization of the patient. With Cerrobend© blocks 
attached to a standard machine block-holding tray or auto-
mated multileaf collimator blocks, very small changes in 
patient position may result in considerable field varia-
tions. Accurate positioning requires reproducible neck 
and arm positioning, and reproducible alignment and 
rotation of the torso and pelvis. Reproducible knee and 
foot positioning may also be required under certain 
circumstances.

An upper body mold is useful for the treatment of 
lower neck and thoracic fields.

Wall-mounted lasers in the simulation and treat-
ment rooms can aid in reproducing torso and pelvic 
alignment and rotation. Leveling tattoos, one pair of 
lateral tattoos on each side of the central axis, will aid 
in lining up with the side lasers.

8.7.3  Shielding of Reproductive Organs� 

Of the normal tissues, the testes are the most sensitive to 
low-dose fractionated radiation. A total dose of 3–3.5 Gy 
may result in sterility in over 50% of patients. Thus, the 
3% received from the primary beam through the block 
may significantly add to the scattered dose and bring the 
total dose into this range. This is of importance in 
patients receiving external iliac, inguinal, and femoral 
irradiation where the testes are within the radiation field 
borders but under the block. One way to reduce the pri-
mary beam dose to the testes is to utilize both the tem-
plated blocks and the multileaf collimators. This should 
provide 10 half layers of protection and reduce the pri-
mary dose component to 0.01% of the total dose.

The testicles may be shielded from internally scat-
tered radiation by using a special clamshell-like tes-
ticular shield [33]. It is important that the testicles are 
positioned behind the front wall of the shield. These 
shields will provide a three- to tenfold reduction in 
scatter dose to the testes. Loss of fertility is also sig-
nificantly reduced by limiting the radiation field to one 

side of the pelvis. With bilateral pelvic nodal irradia-
tion, the internal scatter component increases greatly. 
Monitoring testicular radiation dose during treatment 
using a thermoluminescent dosimeter (TLD) is possi-
ble and patients at risk should be counseled and encour-
aged to undergo sperm banking prior to radiation and 
preferably prior to starting chemotherapy.

Normally, the ovaries lie just medial to the external 
iliac nodes and would be within a standard pelvic radi-
ation field. The tolerance of the ovaries to radiation is 
well below the doses employed for lymphoma. If pres-
ervation of ovarian function, including fertility, is 
desired, the ovaries must be transposed to a location 
outside the primary radiation beam, or to a location 
over which sufficient secondary shielding can be pro-
vided to prevent ovarian ablation. Surgical transposi-
tion or oophoropexy may be accomplished through a 
laparoscopic procedure. Careful coordination between 
surgeon and radiation oncologist is required so that the 
surgeon understands exactly where the ovaries must be 
placed, marks them with radio-opaque clips, and takes 
radiographs at the time of surgery on the operating room 
table to ensure that the placement is correct. With unilat-
eral pelvic irradiation, one ovary should remain outside 
of the field and should have normal function. In many 
patients with lymphoma, the age at onset is beyond 
childbearing age. In the young patient receiving whole 
pelvic irradiation, transposition of the ovaries is the only 
way to preserve hormonal function and fertility.

Ovarian dose is affected by scattered radiation gen-
erated within the treatment field as well as primary 
transmission through the block. A number of technical 
factors can affect the dose delivered to the ovaries 
including the field size and distance of the ovaries from 
the edge of the field. Combined modality therapy can 
be used to reduce the treatment field size so that 
involved field radiation may be considered.

8.7.4 � Treatment Verification  
and Documentation

A number of studies have documented difficulty with 
accurate daily delivery of treatment [34, 35]. With the 
frequent use of imaging films, which document the 
volume of tissue actually exposed to radiation during a 
treatment, it is clear that both systematic errors and 
random errors may occur. Systematic errors result 
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from a flawed simulation, perhaps because the patient 
was tense and later relaxed on the actual treatment 
table or because the initial simulation position was 
uncomfortable and not sustainable [34]. Typically, sys-
tematic errors can be identified with an imaging film 
on the first day of treatment. Random errors are related 
to poor positioning of the patient or shielding blocks in 
daily treatment setups. The use of better positioning 
tools such as immobilization devices and lasers have 
aided in securing more accurate setups, and the use of 
frequent imaging films has focused attention on accu-
racy and identified systematic problems [35].

8.7.5 � Quality Control

Quality control and assurance is critical to the interpre-
tation of clinical trial results and ensuring uniformly 
optimal patient care. The quality of radiation treatment 
depends on the successful completion of each of the 
following steps.

1. 	Identification of sites of involvement and sites at sig-
nificant risk for microscopic disease. This requires 
an ability to perform an accurate and complete phys-
ical examination, to interpret the diagnostic images 
used in staging, and to understand the regions at risk 
and patterns of spread of HL.

2. 	Selection and design of treatment fields that will 
adequately cover all areas requiring treatment and 
adequately spare normal tissues.

3. 	Prescription of the optimal dose for disease control 
and normal tissue preservation.

4. 	Meticulous delivery of the treatment plan.

Proper execution of each these steps is important in 
ensuring the quality and success of overall treatment. 
Quality control programs for radiation treatment in HL 
have been established by European cooperative groups. 
In the EORTC H8 protocol, a quality control program 
for verification of radiation technical files was imple-
mented. Among 161 files reviewed, major deviations 
in radiation volumes and dose were observed in 13.6 
and 39.7% of the cases, respectively [22]. The number 
of major deviations was felt to justify such a radiation 
quality control program. In the GHSG HD4 trial [36], 
all planning and verification films as well as dose 
charts were prospectively reviewed. Cases with proto-
col violations were found to have a significantly lower 

5-year FFTF (70 vs. 82%, p < 0.04), illustrating the 
importance of quality assurance. Ongoing cooperative 
trials on non-Hodgkin lymphoma treatment may pro-
vide an opportunity to collect similar data. The GHSG 
has established a special central pretreatment review 
mechanism to ensure adequate field selection to 
improve the quality of RT in the large number of cen-
ters participating in the group studies.

The Patterns of Care Studies in the United States have 
reported extensively on Hodgkin disease. The results 
demonstrated that patients with adequate portal margins 
had significantly fewer in-field or marginal recurrences, 
or relapses of any type [37,  38]. Furthermore, the expe-
rience of the treating radiation oncologists, use of a dedi-
cated simulator, performance of routine port films to 
ensure set-up accuracies, use of individually shaped 
blocks, linear accelerators and extended-field treatments 
were all associated with an improved treatment outcome 
[37–39].

8.8 � Dose Considerations  
and Recommendations

Although doses in the range of 40–44 Gy were at one 
time recommended for the definitive treatment of 
patients with HL, these recommendations have been 
modified over time, especially in the context of com-
bined modality therapy or the treatment of patients with 
LPHL.

Clinical factors likely to impact disease control 
include tumor size, use of chemotherapy, disease extent, 
and technical considerations related to field design, and 
accuracy of patient setup. The radiation dose is typi-
cally delivered in 1.8–2.0  Gy fractions. If significant 
portions of lung or heart are included, the dose per frac-
tion can be reduced to 1.5 Gy. The available data indi-
cate that the choice of fractionation is not critical for 
tumor control, and that a schedule with minimal risk of 
damage to normal structures should be selected [40].

The GHSG evaluated dose in patients with stage IA 
to IIB disease without risk factors in a randomized trial 
of 40  Gy extended-field radiation alone vs. 30  Gy 
extended-field radiation with a boost of 10 Gy to the 
involved site of disease [36, 41]. There was no signifi-
cant difference in outcome between the two arms of 
the study indicating that 30 Gy is sufficient for clini-
cally uninvolved areas when RT is used alone. The 
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optimum dose for clinically involved sites of disease 
with radiotherapy alone has not been tested in a ran-
domized trial.

More relevant to current practice is the determination 
of the adequate radiation dose after treatment with che-
motherapy. In many early studies, radiation doses were 
kept at ~40 Gy even after achieving a CR to chemother-
apy; others reduced the dose in the combined modality 
setting to 20–24 Gy with excellent overall results [42]. 
Studies of combined modality in advanced stage also 
used reduced doses of RT for patients who achieved a 
CR to chemotherapy and higher doses (~30  Gy) for 
patients in PR [22].The pediatric groups addressing the 
concern of radiation effects on skeletal and muscular 
development also effectively reduced the dose of RT 
after combination chemotherapy to 21–24 Gy [43].

Several recent studies addressed the adequacy of 
low IFRT dose following chemotherapy. A study con-
ducted by the EORTC/GELA [44] randomized patients 
with favorable early-stage HL to 36, 20, or 0 Gy IFRT 
after achieving a CR to six cycles of EBVP. Because 
an excessive number of relapses occurred in the no-RT 
arm, this arm was closed early. There was no differ-
ence in EFS at 4 years between patients receiving IFRT 
36 (87%) vs. 20 Gy (84%).

A recent GHSG randomized study (HD 10) addressed 
the radiation dose question after short-course chemo-
therapy. Patients with favorable stage I–II were random-
ized to receive either 4 or only 2 cycles of ABVD 
followed by either IFRT of 30 or 20 Gy. At a median 
follow-up of 7 years, there was no difference in FFTF 
between the four arms. FFTF at 5 years was 93.4% in 
patients treated with 30 Gy (91.0–95.2%) and 92.9% in 
those receiving 20  Gy (90.4–94.8%). These results, 
taken together with the better tolerability and the lack of 
inferiority in secondary efficacy endpoints, lead to the 
conclusion that 20 Gy IFRT, when combined with even 
only two cycles of ABVD, is equally effective to 30 Gy 
IFRT in this very favorable group of patients [14]. The 
GHSG HD11 study targeted patients with unfavorable 
early-stage and randomized them to either ABVDX4 or 
BEACOPPX4, either program was followed by either 
20 or 30 Gy to the involved field. Five-year FFTF and 
OS for all patients were 85 and 94.5%, respectively. 
There was no difference in FFTF when BEACOPPX4 
was followed by either 30 or 20 Gy and similar excel-
lent results were obtained with ABVDX4 and IFRT of 
30 Gy. Patients who received ABVDX4 and only 20 Gy 
had FFTF that was lower by 4%. OS was similar in all 

treatment groups [15]. These results suggest that 30 Gy 
should remain the standard IFRT dose following ABVD 
in unfavorable early-stage HL [15].

8.8.1 � The Significance of Reducing  
the Radiation Dose

Recent studies clearly indicate that the risk of secondary 
solid tumor induction is radiation dose-related. This was 
carefully analyzed for secondary breast and lung can-
cers as well as for other tumors [45–49]. While it will 
take more years of careful follow-up of patients in ran-
domized studies to display the full magnitude of risk 
tapering by current reduction of radiation field and dose, 
recent data suggest that this likely to be the case. In a 
recent Duke University study, two groups of patients 
with early-stage HL were treated with different radiation 
approaches over the same period. One group received 
radiotherapy alone, given to extended fields with a 
median dose of 38 Gy; the second group received che-
motherapy followed by involved-field low-dose (median 
of 25  Gy) radiotherapy. While 12 patients developed 
second tumors in the first group and 8 of them died, no 
second tumors were detected in the second group. The 
median follow-up was 11.7 and 8.1 years, respectively 
[50] Similar observations with an even longer follow-up 
were made by the Yale group [51]. In a study that used 
data-based radiobiological modeling to predict the radi-
ation-induced second cancer risk, lowering the dose 
from 35 to 20  Gy and reducing the extended field to 
IFRT reduced lung cancer risk and breast cancer risk by 
57 and 77%, respectively [45].

8.8.2 � Dose Recommendations

Radiation alone (as primary treatment for LPHL)
Clinically involved sites: 30–36 Gy
Clinically uninvolved sites: 30 Gy

�Radiation alone (as primary treatment for cHL 
[uncommon])

Clinically involved sites: 36–40 Gy
Clinically uninvolved sites: 30 Gy

�Radiation following chemotherapy in a combined 
modality program
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Patients in CR after chemotherapy: 20–30 Gy
�Most guidelines recommend 30  Gy (for adults) 
until lower dose (20 Gy) data mature
For pediatric or adolescent patients: 21–24 Gy
�In some programs of short chemotherapy for bulky 
or advanced-stage disease (e.g., Stanford V), the 
recommended RT dose is 36 Gy

Patients in PR after chemotherapy: 30–40 Gy

8.9 � New Aspects of Radiation  
Field Design and Delivery

The abandonment of large-field irradiation for most 
patients with HL permits the use of more conformal 
RT fields and introduction of other innovative RT 
techniques.

The change in the lymphoma radiotherapy paradigm 
coincided with substantial improvement in imaging and 
treatment planning technology that have revolutionized 
the field of radiotherapy. The integration of fast high-
resolution computerized tomography into the simula-
tion and planning systems of radiation oncology has 
changed how treatment volumes and relationship to 
normal critical structures are determined and planned. 
In the recent past, tumor volume determinations were 
made with fluoroscopy-based simulators that produced 
often poor quality imaging requiring wide “safety mar-
gins” that detracted from accuracy and sparing of critical 
organs. Most modern simulators are in fact high-resolu-
tion CT scanners with software programs that allow 
accurate conformal treatment planning and provide 
detailed information on the dose volume delivered to 
normal structures within the treatment field and the 
homogeneity of dose delivered to the target. More 
recently, these simulators are integrated also with a PET 
scanner that provides additional tumor volume infor-
mation for consideration during radiation planning.

Intensity-modulated radiotherapy (IMRT) is the most 
advanced planning and radiation delivery mode and is 
mainly used for small volume cancers that require high 
radiation doses (e.g., prostate and head neck cancers) or 
are adjacent to critical organs. IMRT allows for accu-
rately enveloping the tumor with either a homogenous 
radiation dose (“sculpting”) or delivering higher doses to 
predetermined areas in the tumor volume (“painting”). 
The end result of this new modality is highly accurate 
treatment with maximal sparing of normal tissues. In the 

radiotherapy of lymphoma, there are several clinical sit-
uations where IMRT provides a benefit: treatment of 
very large or complicated tumor volumes in the medi-
astinum and abdomen, and head and neck lymphomas. 
IMRT also allows re-irradiation of sites prior to high-
dose salvage programs that otherwise will be prohibited 
by normal tissue tolerance, particularly of the spinal cord 
[52] (Figs. 8.10a–d and 8.11a–c).

8.10 � Common Side Effects and 
Supportive Care During 
Radiotherapy

Side effects of radiotherapy depend on the irradiated 
volume, dose administered, and technique employed. 
They are also influenced by the extent and type of prior 
chemotherapy, if any, and by the patient’s age. Most of 
the information that we use today to estimate risk of 
radiotherapy is derived from strategies that used radia-
tion alone. The field size and configuration, doses, and 
technology have all drastically changed over the last 
decade. It is thus misleading to judge current radio-
therapy for HL, and inform patients on risks of radio-
therapy using information of past radiotherapy that is 
no longer practiced.

It is of interest that most of the data of long-term 
complications associated with radiotherapy and par-
ticularly second solid tumors and coronary heart dis-
ease were reported from databases of patients with HL 
treated more than 25 years ago. It is also important to 
note that we have very limited long-term follow-up 
data on patients with HL who were treated with che-
motherapy alone.

8.10.1 � Acute Effects

Radiation, in general, may cause fatigue and areas of 
the irradiated skin may develop mild sun-exposure-
like dermatitis. The acute side effects of irradiating 
the full neck include mouth, dryness, change in taste, 
and pharyngitis. With the doses currently employed 
in HL, these side effects are usually mild and tran-
sient. The main potential side effects of subdiaphrag-
matic irradiation are loss of appetite, nausea, and 
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a

b

Fig. 8.10  (a) CT–MR fusion 
for target localization of HL 
involving the mediastinum 
and right chest wall. CTV 
clinical treatment volume; 
PTV planning treatment 
volume. (b, c) Treatment 
plans comparing AP/PA, 
3D-CRT, and IMRT. PTV 
planning treatment volume; 
AP/PA opposed anterior and 
posterior fields; 3DCRT 
3-dimensional conformal 
radiotherapy; IMRT: 
intensity-modulated 
radiotherapy. (d) Comparison 
of lung complication 
probability of different plans
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Fig. 8.10  (continued)

increased bowel movements. These reactions are  
usually mild and can be minimized with standard 
antiemetic medications.

Irradiation of more than one field, particularly after 
chemotherapy, can cause myelosuppression, which 
may necessitate short treatment interruption and very 
rarely administration of G-CSF, erythropoietin-type 
drugs, or platelet transfusion.

8.10.2 � Early Side Effects

Lhermitte’s sign: Less than 5% of patients may note an 
electric shock sensation radiating down the backs of 

both legs when the head is flexed (Lhermitte’s sign) 6 
weeks to 3 months after mantle-field radiotherapy. 
Possibly secondary to transient demyelinization of the 
spinal cord, Lhermitte’s sign resolves spontaneously 
after a few months and is not associated with late or 
permanent spinal cord damage.

Pneumonitis and pericarditis: During the same 
period, radiation pneumonitis and/or acute pericarditis 
may occur in <5% of patients; these side effects occur 
more often in those who have extensive mediastinal 
disease. Both inflammatory processes have become 
rare with modern radiation techniques.

The consideration and discussion of radiotherapy and 
chemotherapy potential late side effects and complica-
tions is of prime importance and is detailed in Chap. 20.
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8.10.3 � Supportive Care  
During Treatment

It is important to prepare the patient to the potential 
side effects, and many organizations and cancer cen-
ters also provide written patient information 

regarding radiotherapy of lymphomas. Since some 
level of mouth dryness is often associated with radio-
therapy that involves the upper neck and/or lower 
mandible and mouth attention to dental care is 
advised. If dryness is a concern, it is advised to 
arrange for an expert dental appointment for overall 

Fig. 8.11  (a) Use of IMRT 
for re-irradiation of a patient 
relapsing after ABVD and 
mantle field irradiation to 
36 Gy. (b, c) Treatment 
planning options for 
re-irradiation. AP/PA opposed 
anterior and posterior fields; 
3DCRT 3-dimensional 
conformal radiotherapy; 
IMRT intensity-modulated 
radiotherapy

a

b
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dental evaluation and consideration of mouth guards 
(from scatter) and/or supplemental fluoride treatment 
during and after radiotherapy.

Soreness of the throat and mild to moderate diffi-
culty of swallowing solid and dry food may also occur 
during neck irradiation, with onset at a dose of ~20 Gy. 
These side effects are almost always mild, self-limited, 
and subside shortly after completion of radiotherapy. 
Skin care with and use of sun screen is advised for all 
patients undergoing radiotherapy. Temporary hair loss 

is expected in irradiated areas and recovery is observed 
after several months.

We normally recommend a first post-RT follow-up 
visit 6 weeks after the end of treatment and obtain 
post-RT baseline blood count, standard biochemistry 
tests, as well as TSH levels and lipid profile (if appli-
cable) at that visit. Follow-up imaging studies normally 
commence 3 months after completion of treatment. 
Other follow-up studies are included in the NCCN 
guidelines for HL [9].

c

Fig. 8.11  (continued)



138 J. Yahalom and R.T. Hoppe

References

  1.	Hoppe RT, Advani RH, et al. Hodgkin disease/lymphoma. J 
Natl Compr Canc Netw. 2008;6:594–622.

  2.	Yahalom J. Role of radiation therapy in Hodgkin’s lym-
phoma. Cancer J. 2009;15:155–60.

  3.	Pusey W. Cases of sarcoma and of Hodgkin’s disease treated 
by exposures to X-rays: a preliminary report. JAMA. 1902;38: 
166–9.

  4.	Senn N. Therapeutical value of rontgen ray in treatment of 
pseudoleukemia. New York Med J. 1903;77:665–8.

  5.	Gilbert R. La roentgentherapie de la granulomatose maligne. 
J Radiol Electrol. 1925;9:509–14.

  6.	Peters M. A study in survivals in Hodgkin’s disease treated 
radiologically. Am J Roentgenol. 1950;63:299–311.

  7.	Kaplan H. The radical radiotherapy of Hodgkin’s disease. 
Radiology. 1962;78:553–61.

  8.	Girinsky T, van der Maazen R, et al. Involved-node radio-
therapy (INRT) in patients with early Hodgkin lymphoma: 
concepts and guidelines. Radiother Oncol. 2006;79:270–7.

  9.	Hoppe RT, AR H, et  al. NCCN physician guidelines: 
Hodgkin Lymphoma 2010 v.1. www.nccn.org; 2010.

10.	Nogova L, Reineke T, et  al. Extended field radiotherapy, 
combined modality treatment or involved field radiotherapy 
for patients with stage IA lymphocyte-predominant 
Hodgkin’s lymphoma: a retrospective analysis from the 
German Hodgkin Study Group (GHSG). Ann Oncol. 2005; 
16:1683–7.

11.	Wirth A, Yuen K, et al. Long-term outcome after radiother-
apy alone for lymphocyte-predominant Hodgkin lymphoma: 
a retrospective multicenter study of the Australasian 
Radiation Oncology Lymphoma Group. Cancer. 2005;104: 
1221–9.

12.	Chen RC, Chin MS, et al. Early-stage, lymphocyte-predom-
inant Hodgkin’s lymphoma: patient outcomes from a large, 
single-institution series with long follow-up. J Clin Oncol. 
2010;28:136–41.

13.	Schlembach PJ, Wilder RB, et  al. Radiotherapy alone for 
lymphocyte-predominant Hodgkin’s disease. Cancer J. 2002; 
8:377–83.

14.	Engert A, Diehl V, et al. Two cycles of ABVD followed by 
involved field radiotherapy with 20 gray (Gy) is the new 
standard of care in the treatment of patients with early-stage 
Hodgkin lymphoma: final analysis of the randomized 
German Hodgkin Study Group (GHSG) HD10. Study 
Supported by the Deutsche Krebshilfe and in Part by the 
Competence Network Malignant Lymphoma. Blood 2009; 
(ASH 2009 abstract #716).

15.	Borchmann P, Diehl V, et al. Combined modality treatment 
with intensified chemotherapy and dose-reduced involved 
field radiotherapy in patients with early unfavourable Hodgkin 
lymphoma (HL): final analysis of the German Hodgkin Study 
Group (GHSG) HD11 Trial. Blood 2009;114:299 (ASH 
abstract # 717).

16.	Herbst C, Rehan FA, et  al. Combined modality treatment 
improves tumor control and overall survival in patients with 
early stage Hodgkin lymphoma: a systematic review. 
Haematologica. 2009;95:494.

17.	Prosnitz LR, Wu JJ, et  al. The case for adjuvant radiation 
therapy in advanced Hodgkin’s disease. Cancer Investigation. 
1996;14:361–70.

18.	Brizel DM, Winer EP, et al. Improved survival in advanced 
Hodgkin’s disease with the use of combined modality ther-
apy [see comments]. Int J Radiat Oncol Biol Phys. 1990;19: 
535–42.

19.	Yahalom J, Ryu J, et al. Impact of adjuvant radiation on the 
patterns and rate of relapse in advanced-stage Hodgkin’s dis-
ease treated with alternating chemotherapy combinations. J 
Clin Oncol. 1991;9:2193–201.

20.	Fabian C, Mansfield C, et al. Low-dose involved field radia-
tion after chemotherapy in advanced Hodgkin’s disease. 
Ann Intern Med. 1994;120:903–12.

21.	Loeffler M, Diehl V, et  al. Dose-response relationship of 
complementary radiotherapy following four cycles of com-
bination chemotherapy in intermediate-stage Hodgkin’s dis-
ease. J Clin Oncol. 1997;15:2275–87.

22.	Aleman BM, Raemaekers JM, et  al. Involved-field radio-
therapy for advanced Hodgkin’s lymphoma. N Engl J Med. 
2003;348:2396–406.

23.	Duggan DB, Petroni GR, et al. Randomized comparison of 
ABVD and MOPP/ABV hybrid for the treatment of advanced 
Hodgkin’s disease: report of an intergroup trial. J Clin Oncol. 
2003;21:607–14.

24.	Laskar S, Gupta T, et al. Consolidation radiation after com-
plete remission in Hodgkin’s disease following six cycles 
of doxorubicin, bleomycin, vinblastine, and dacarbazine 
chemotherapy: is there a need? J Clin Oncol. 2004;22: 
62–8.

25.	Horning SJ, Hoppe RT, et al. Stanford V and radiotherapy 
for locally extensive and advanced Hodgkin’s disease: 
mature results of a prospective clinical trial. J Clin Oncol. 
2002;20:630–7.

26.	Chisesi T, Federico M, et al. ABVD versus stanford V versus 
MEC in unfavourable Hodgkin’s lymphoma: results of a 
randomised trial. Ann Oncol. 2002;13 Suppl 1:102–6.

27.	Poen JC, Hoppe RT, et al. High-dose therapy and autologous 
bone marrow transplantation for relapsed/refractory 
Hodgkin’s disease: the impact of involved field radiotherapy 
on patterns of failure and survival [see comments]. Int J 
Radiat Oncol Biol Phys. 1996;36:3–12.

28.	Yahalom J, Gulati SC, et al. Accelerated hyperfractionated 
total-lymphoid irradiation, high-dose chemotherapy, and 
autologous bone marrow transplantation for refractory and 
relapsing patients with Hodgkin’s disease. J Clin Oncol. 
1993;11:1062–70.

29.	Moskowitz CH, Nimer SD, et  al. A 2-step comprehensive 
high-dose chemoradiotherapy second-line program for 
relapsed and refractory Hodgkin’s disease: analysis by intent 
to treat and development of a prognostic model. Blood. 
2001;97:617–23.

30.	Moskowitz CH, Kewalramani T, et al. Effectiveness of high 
dose chemoradiotherapy and autologous stem cell transplan-
tation for patients with biopsy-proven primary refractory 
Hodgkin’s disease. Br J Haematol. 2004;124:645–52.

31.	Goodman KA, Riedel E, et  al. Long-term effects of high-
dose chemotherapy and radiation for relapsed and refractory 
Hodgkin’s lymphoma. J Clin Oncol. 2008;26:5240–7.

http://www.nccn.org


1398  Principles of Radiation Techniques in Hodgkin Lymphoma

32.	Yahalom J, Mauch P. The involved field is back: issues in 
delineating the radiation field in Hodgkin’s disease. Ann 
Oncol. 2002;13 Suppl 1:79–83.

33.	Fraass BA, Kinsella TJ, et al. Peripheral dose to the testes: 
the design and clinical use of a practical and effective gonadal 
shield. Int J Radiat Oncol Biol Phys. 1985;11:609–15.

34.	Hulshof M, Vanuytsel L, et al. Localization errors in mantle-
field irradiation for Hodgkin’s disease. Int J Radiat Oncol 
Biol Phys. 1989;17:679–83.

35.	Taylor Jr BW, Mendenhall NP, et al. Reproducibility of man-
tle irradiation with daily imaging films. Int J Radiat Oncol 
Biol Phys. 1990;19:149–51.

36.	Duhmke E, Diehl V, et al. Randomized trial with early-stage 
Hodgkin’s disease testing 30 Gy vs. 40 Gy extended field 
radiotherapy alone. Int J Radiat Oncol Biol Phys. 1996;36: 
305–10.

37.	Kinzie JJ, Hanks GE, et al. Patterns of care study: Hodgkin’s 
disease relapse rates and adequacy of portals. Cancer. 
1983;52:2223–6.

38.	Hanks GE, Kinzie JJ, et al. Patterns of care outcome studies. 
Results of the national practice in Hodgkin’s disease. Cancer. 
1983;51:569–73.

39.	Hoppe RT, Hanlon AL, et  al. Progress in the treatment of 
Hodgkin’s disease in the United States, 1973 versus 1983. 
The Patterns of Care Study. Cancer. 1994;74:3198–203.

40.	Brincker H, Bentzen SM. A re-analysis of available dose-
response and time-dose data in Hodgkin’s disease. Radiother 
Oncol. 1994;30:227–30.

41.	Duhmke E, Franklin J, et al. Low-dose radiation is sufficient 
for the noninvolved extended-field treatment in favorable 
early-stage Hodgkin’s disease: long-term results of a ran-
domized trial of radiotherapy alone. J Clin Oncol. 2001;19: 
2905–14.

42.	Prosnitz LR. Radiation doses following intensive chemo-
therapy in the treatment of Hodgkin’s disease. Int J Radiat 
Oncol Biol Phys. 1976;1:803–4.

43.	Donaldson SS, Link MP. Combined modality treatment with 
low-dose radiation and MOPP chemotherapy for children 
with Hodgkin’s disease. J Clin Oncol. 1987;5:742–9.

44.	Ferme C, Eghbali H, et al. Chemotherapy plus involved-field 
radiation in early-stage Hodgkin’s disease. N Engl J Med. 
2007;357:1916–27.

45.	Hodgson DC, Koh ES, et al. Individualized estimates of sec-
ond cancer risks after contemporary radiation therapy for 
Hodgkin lymphoma. Cancer. 2007;110:2576–86.

46.	Kuttesch Jr JF, Wexler LH, et al. Second malignancies after 
Ewing’s sarcoma: radiation dose-dependency of secondary 
sarcomas. J Clin Oncol. 1996;14:2818–25.

47.	Travis LB, Gospodarowicz M, et al. Lung cancer following 
chemotherapy and radiotherapy for Hodgkin’s disease. J 
Natl Cancer Inst. 2002;94:182–92.

48.	Travis LB, Hill D, et al. Breast cancer following radiother-
apy and chemotherapy among young women with Hodgkin’s 
disease. JAMA 2003;290:465–475.

49.	van Leeuwen FE, Klokman WJ, et al. Effects of radiation 
dose, chemotherapy, and ovarian hormones on breast can-
cer risk following Hodgkin’s disease. In: Eighth International 
Conference on Malignant Lymphoma, Lugano, Switzerland; 
2002.

50.	Koontz B, Kirkpatrick J, et al. Combined modality therapy 
versus radiotherapy alone for treatment of early stage 
Hodgkin disease: cure versus complications. J Clin Oncol. 
2006;24:605–11.

51.	Salloum E, Doria R, et al. Second solid tumors in patients 
with Hodgkin’s disease cured after radiation or chemother-
apy plus adjuvant low-dose radiation. J Clin Oncol. 1996;14: 
2435–43.

52.	Goodman KA, Toner S, et al. Intensity modulated radiation 
therapy in the treatment of lymphoma involving the medi-
astinum. Int J Radiat Oncol Biol Phys. 2005;62:198–206.



141A. Engert and S.J. Horning (eds.), Hodgkin Lymphoma,�  
DOI: 10.1007/978-3-642-12780-9_9, © Springer-Verlag Berlin Heidelberg 2011

9.1 � Historical Introduction

Hodgkin lymphoma (HL) was perhaps the disease for 
which the possibility of cure with combination chemo-
therapy in the majority of patients was first realized. 
As such, it has provided a model upon which studies in 
many other types of malignancy have been based, and 
it is interesting to follow the trajectory of knowledge 
from early single-agent work through combinations, 
combined modalities, increasing complexity, and most 
recently, selective de-escalation. Patients with advanced 
disease represent a minority of those affected by HL. 
However, these patients represent the group in which 
the development and effects of chemotherapy are most 
readily appreciated, since the role of radiation therapy 
is markedly less than in those with localized disease. 
Historically, chemotherapy and radiotherapy contended 
for primacy in the management of this illness, a tension 
which persisted until the mid-1970s.

The first successful treatment for HL was with radio-
therapy, at least a decade in advance of chemotherapy in 
its application. Vera Peters showed the curability of 
localized HL using fractionated and high-dose radiation 
therapy [1]. The first cure of a disseminated malignancy 
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was claimed in 1963 for radiotherapy in HL. Easson and 
Russel reported their cure of a series of patients, includ-
ing some with advanced disease, with extensive irradia-
tion [2]. This early success gave rise to endeavor across 
several areas in the succeeding decades, based upon the 
need for rigorous determination of the anatomy in order 
to guide the radiotherapy fields. Controlled trials were 
launched from the early 1960s in the prospect that cure 
would become possible if the treated areas encompassed 
not only all nodal and visceral areas known to be 
involved, but also adjacent fields, free of macroscopic 
disease, but already with microscopic disease [3].

As early as 1942, four patients with HL were treated 
with nitrogen mustard by Wilkinson and Fletcher at 
Manchester Royal Infirmary, although a military 
embargo prevented the dissemination of this informa-
tion [4]. Similar considerations applied to the bombing 
of the ship “USS Liberty” on December 3, 1943 in 
Bari, and the hematological consequences of a nitro-
gen mustard gas leak among the survivors. Cornelius 
Rhoads, an American cancer researcher, was involved 
in their care and understood from his observations of 
the effects on the bone marrow that nitrogen mustard 
derivatives might be effective against lymphoid and 
hematological malignancies [5, 6]. In 1958, another 
alkylating agent, cyclophosphamide, proved effective 
in non-HL [7]. Shortly after this, vinblastine was first 
shown to be an effective drug in HL, as was vincris-
tine. Although encouraging, the early results of che-
motherapy were modest, with most responses short 
lived after corticosteroids, alkylating, and spindle cell 
agents [8–10] There was a prevalent view that only 
extensive irradiation could yield full cures [11, 12].

One of the first modern randomized studies was the 
EORTC H1 trial, which investigated whether “adjuvant” 
chemotherapy (weekly vinblastine for 2 years) could 
improve the results over radiotherapy alone [13]. A dura-
ble advantage was seen in the chemotherapy arm for 
relapse-free survival (at 15 years 60% vs. 38%, p < 0.001), 
although more than 50% of patients with mixed cellular-
ity histology developed recurrences [14]. To reduce the 
relapse rate, irradiation was extended to infradiaphrag-
matic nodal and spleen areas. Single-agent or doublet 
chemotherapy was added after radiotherapy, but no imme-
diate attempt was made to use polychemotherapy, based 
upon the idea that the cure rate would depend upon the 
adequacy of irradiation [15, 16]. Two factors gradually 
undermined the dominance of strict pathological delinea-
tion and extensive irradiation as the basis of curative 

therapy in HL: The advent of accurate cross-sectional 
imaging by computed tomographic (CT) scanning and the 
recognition that relapses after irradiation alone had mini-
mal impact on survival owing to the efficacy of salvage 
chemotherapy [17]. With the development of 4-drug com-
bination therapy, which for the first time resulted in cures 
for advanced HL without the need for irradiation, the tran-
sition to systemic therapy began in earnest.

9.2 � Chemotherapy Applied  
to Advanced Stage HL:  
Theories and Practice

9.2.1 � Classes of Active  
Classical Agents in HL

Almost every class of chemotherapy drug has been shown 
to have some efficacy in HL, with the possible exception 
of the antimetabolite drugs such as 5-fluorouracil [18]. 
The original combination treatments were based upon 
the evidence of single-agent activity among alkylating 
agents, vinca alkaloids, corticosteroids, and the hydrala-
zine monoamine oxidase inhibitor, procarbazine. All of 
these produced response rates of over 50% when used 
singly in patients not previously exposed to multiagent 
chemotherapy (Table  9.1). Later entrants to this field 
included the antibiotic drugs doxorubicin and bleomycin, 
the nitrosoureas and dacarbazine, and the podophyllotox-
ins, all of which showed appreciable single-agent activity 
after prior combination regimens. More recently, newer 
cytotoxics such as gemcitabine have been introduced, 
often in combination with platinum drugs, and found to 
produce significant response rates in recurrent disease.

It is clear that HL is broadly sensitive to phase-spe-
cific, cycle-specific, and noncycle-specific agents, 
although it is less clear whether this is a feature of the 
malignant cells themselves or their associated inflamma-
tory infiltrate, which may be critical to sustaining them. 
The development of combination therapies has been 
based mainly upon the use of agents with nonoverlapping 
toxicity as far as possible, and as cure rates have risen, the 
emphasis has fallen increasingly upon avoiding long-
term side effects. The most important among these are 
infertility and myelodysplasia (MDS), mainly caused by 
the alkylating agents; pulmonary fibrosis caused by bleo-
mycin and nitrosoureas, and cardiomyopathy related to 
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anthracyclines, a risk increased by the concomitant use of 
mediastinal radiotherapy.

9.2.2 � Polychemotherapy: Models  
and Comparative Clinical Studies

9.2.2.1 � The Skipper and Schabel L1210 Model

One of the earliest models to influence the design of che-
motherapy treatments was the L1210 leukemia in mice 
studied by Skipper and Schabel: repeated administrations 
of a single effective drug result in a proportionally identi-
cal tumor cell kill with each treatment, so that if the cells 
proliferate with a constant tumor doubling time, cure can 
be obtained and time to cure can be predicted by knowing 

the initial tumor burden and the proportion of cells killed 
for a given dose and interval[19, 20]. Conversely, if death 
will occur when reaching a specific number of malignant 
cells, there is a predictable likelihood of death based upon 
initial cell dose and treatment: “The cardinal rule of che-
motherapy, the invariable inverse relationship between cell 
number and curability.” Unfortunately, human tumors are 
far more complex than the L1210, the model confounded 
by the presence of resting stem cells, variable growth fac-
tors, and apoptosis along the tumor course, together with 
tumor cell heterogeneity, putting the cure of advanced HL 
beyond the reach of single chemotherapy agents, with 
inevitable relapse even after complete remission has been 
achieved [21, 22].

9.2.2.2 � MOPP and Derivatives

Combination chemotherapy was first attempted clini-
cally in childhood acute lymphoblastic leukemia by 
Jean Bernard [23] who designed two doublets of corti-
sone – methotrexate and prednisone – vincristine, at 
the same time as pursuing work on chemotherapy for 
HL. Later at the NCI, Freirich, Frei, and Katon added 
6-mercaptopurine into the more effective VAMP regi-
men [8]. This led on to MOMP (cyclophosphamide, 
vincristine, methotrexate, and prednisone), and MOPP 
(mechlorethamine, vincristine, procarbazine, predni-
sone), developed by DeVita and Carbone at the NCI 
[24, 25]. Some of the critical features of success were: 
prolonged treatment (6 months, more than any other 
regimen at the time), use of each drug at “optimal” 
dose and schedule with a sliding scale for dose adjust-
ment according to marrow suppression, an interval of 2 
weeks for recovery of normal tissue (marrow, GI epi-
thelium), hopefully before HL recovery, and treatment 
with curative intent rather than palliation. MOPP pro-
vided an 80% response rate, and long-term disease-free 
and overall survival (OS) of almost 50 and 40%, 
respectively [26]. The results have held up, and the 
20-year analysis confirmed among 198 patients a CR 
rate of 81%, induction failures of 19%, relapses 36%, 
and deaths 54%. Of the 106 deaths, 30 occurred in 
patients free of disease; among the 92 patients who sur-
vived (46%), only two had persistent HL [27]. These 
results have been reconfirmed in subsequent trials 
(Table 9.3) [28–31]. Although the rise in cures from 
HL can be ascribed to multiple advances and not just 
the introduction of effective chemotherapy, the 1970 

Drug Overall  
response rate (%)

Complete 
response  
rate (%)

Single agents tested before combination chemotherapy
Alkylating agents

  Chlorambucil 61 16

  Mustine 63 13

  Cyclophosphamide 54 12

Vinca alkaloids

  Vinblastine 68 30

  Vincristine 60 36

Agents mainly tested after prior multiagent therapy
Dacarbazine 56 6

Nitrosoureas

  Carmustine 44 5

  Lomustine 48 12

Antibiotics

  Doxorubicin 30 5

  Bleomycin 38 6

Podophyllotoxin

  Etoposide 27 6

Antimetabolite

  Gemcitabine 22 0

Table 9.1  Single-agent activity of cytotoxic drugs in Hodgkin 
lymphoma (HL) [18]
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report convinced almost all groups treating HL to 
accept the inclusion of polychemotherapy (MOPP or 
MOPP derivatives) in the treatment strategy for local-
ized as well as advanced disease. In almost all instances 
where a combined treatment was compared to irradia-
tion alone, whether patients were staged or not with 
laparotomy, an advantage in terms of response, disease- 
and relapse-free survival was observed when MOPP or 
a MOPP-derived chemotherapy was used [32].

Analysis of the results with MOPP has proven a 
fruitful source of information to design and interpret 
future studies. Thus, complete response was seen to be 
a prerequisite for sustained remission, and a high per-
centage of complete responses were correlated with 
higher survival rates. Capping the vincristine dose at 
2 mg may have been detrimental to the results. Patient 
and initial disease characteristics were good predictors 
of outcome, with confirmation of the adverse prognostic 
significance of systemic “B” symptoms. Maintenance 
treatment with intermittent MOPP or carmustine did not 
appear beneficial [33]. In patients treated previously 
by irradiation and chemotherapy, MOPP was less well-
tolerated and less effective [34]. Conversely, retreatment 
in relapsed patients but with initial remission lasting 
over a year proved efficient again [35]. Chemotherapy 
has detrimental consequences in terms of carcinoge-
nicity with second acute myeloid leukemia [36, 37]. 
Chemotherapy is responsible for impaired fertility in 
both men and women [38]. Immunosuppression related 
to the treatment, or to the underlying disease, brings 
risks of different types. (Pneumocystis Pneumonia diag-
nosed and cured for the first time) [39].

There were many attempts to improve upon the 
results. The three best known MOPP-derived regimens 
have been MVPP, with vinblastine instead of vincris-
tine, ChlVPP, and COPP, with an additional substitu-
tion of mechlorethamine, replaced by chlorambucil or 
cyclophosphamide (Tables 9.2 and 9.3). These alterna-
tives have never undergone direct comparison, and his-
torical controls are difficult to interpret. In addition, 
the proportion of patients who have been irradiated 
varies considerably among series. For example in the 
NCI series, 32/198 patients had been irradiated prior to 
MOPP and 28/198 patients received TNI “to prevent 
recurrent disease in previously involved nodes” as con-
solidation after chemotherapy. MVPP, devised in Great 
Britain, proved easier to handle than MOPP (with less 
constipation and neurological toxicity), but was slightly 
more hematotoxic [40–42]. ChlVPP appeared more 

patient-friendly with minimal nausea/vomiting, con-
stipation or neurologic toxicity, limited hematotoxic-
ity, and the number cycles adapted to the response: a 
maximum five beyond CR. The 66% OS rate in 
advanced HL could be compared to mustine-contain-
ing regimens, at lower toxic cost, for all of these acute 
toxicities, except myelosuppression [43, 44]. COPP is 
less hematotoxic than MOPP and often used in chil-
dren [45].

9.2.2.3 � ABVD and Derivatives

The ABVD regimen was built just 10 years after MOPP 
started, in 1973, on intravenous-only administration at 
fixed 2-week intervals. Like MOPP, ABVD was a 
combination of hematotoxic and neurotoxic drugs. 
Two, doxorubicin and vinblastine, had been shown 
highly effective in HL. The results with dacarbazine 
were numerous, but possibly less convincing, and 
bleomycin was also felt to have considerable potential 
[13, 21, 46–48]. By comparison to MOPP, hematotox-
icity after ABVD was predictable, noncumulative, and 
milder as a result of the intravenous dosing and short 
intervals. Further, ABVD was far less neurotoxic. 
Bonadonna developed ABVD at the Milan NCI with a 
vision: “to compare the efficacy of ABVD with MOPP, 
and to demonstrate absence of cross-resistance 
between the two regimens” [49]. The results of MOPP 
were well-established and the potential of ABVD in 
terms of “alternative to MOPP to be used either in 
MOPP failures or in sequential combination with 
MOPP” was clearly in the mind of the authors, based 
on these very early results achieved in 45 patients. No 
significant cardiac toxicity was seen in this first series, 
probably because of the relatively small cumulative 
dose of doxorubicin (6 cycles = 300 mg/m2), the short 
follow-up, and the small numbers. Conversely, bleo-
mycin pulmonary toxicity was apparent from the out-
set, while the effects upon fertility were initially 
overestimated through short observation which did not 
take into account the reversal of temporary amenor-
rhoea in some women.

It took a surprisingly long time for ABVD to be 
accepted as a standard of care and it was initially con-
sidered only as a salvage treatment in MOPP failures. 
However, the Milan group undertook a larger trial, com-
paring MOPP and ABVD directly in patients with stage 
IIB, IIIA, and IIIB HL. In 232 patients, a combined 
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Table 9.2  Chemotherapy regimens designed for advanced HL

Drugs Dose (mg/m2) Route Schedule

4-Drug regimens
MOPP q. 28 d
  Mechlorethamine 6 i.v. d1 and 8
  Vincristine 1.4 (cap  

2 mg)
i.v. d1 and 8

  Procarbazine 100 p.o. d1–14
  Prednisolone 40 p.o. d1–14

MVPP q. 42 d
  Mechlorethamine 6 i.v. d1 and 8
  Vinblastine 6 (cap  

10 mg)
i.v. d1 and 8

  Procarbazine 100 p.o. d1–14
  Prednisolone 40 p.o. d1–14

ChlVPP q. 28 d
  Chlorambucil 6 (cap  

10 mg)
p.o. d1–14

  Vinblastine 6 (cap  
10 mg)

i.v. d1 and 8

  Procarbazine 100 p.o. d1–14
  Prednisolone 40 p.o. d1–14

COPP q. 28 d
  Cyclophosphamide 650 i.v. d1 and 8
  Vinblastine 6 i.v. d1 and 8
  Procarbazine 100 p.o. d1–14
  Prednisolone 40 p.o. d1–14

ABVD q. 28d
  Doxorubicin 25 i.v. d1 and 15
  Bleomycin 10 iu/m2 i.v. d1 and 15
  Vinblastine 6 i.v. d1 and 15
  Dacarbazine 375 i.v. d1 and 15

Hybrid regimens
MOPP/ABV q. 28d
  Mechlorethamine 6 i.v. d1
  Vincristine 1.4 i.v. d1
  Procarbazine 100 p.o. d1–7
  Prednisolone 40 p.o. d1–14
  Doxorubicin 35 i.v. d8
  Bleomycin 10 Iu/m2 i.v. d8
  Vinblastine 6 i.v. d8

ChlVPP/EVA q. 28 d
  Chlorambucil 6 (cap 10 mg) p.o. d1–7
  Vincristine 1.4 (cap 2 mg) i.v. d1
  Procarbazine 90 p.o. d1–7
  Etoposide 75 p.o. d1–5
  Prednisolone 50 p.o. d1–7
  Doxorubicin 50 i.v. d8
  Vinblastine 6 (cap 10 mg) i.v. d8

BEACOPP baseline q. 21 d
  Bleomycin 10 iu/m2 i.v. d8

  Etoposide 100 i.v. d1–3

  Doxorubicin 25 i.v. d1
  Cyclophosphamide 650 i.v. d1
  Vincristine 1.4 (cap 2 mg) i.v. d8
  Procarbazine 100 p.o. d1–7
  Prednisolone 40 p.o. d1–14

Escalated regimens
Escalated BEACOPP q. 28 d
  Bleomycin 10 iu/m2 i.v. d8
  Etoposide 200 i.v. d1–3
  Doxorubicin 35 i.v. d1
  Cyclophosphamide 1,250 i.v. d1
  Vincristine 1.4 (cap 2 mg) i.v. d8
  Procarbazine 100 p.o. d1–7
  Prednisolone 40 p.o. d1–14
  G-CSF s.c. d8–14

BEACOPP-14 q. 14 d
  Bleomycin 10 iu/m2 i.v. d8
  Etoposide 100 i.v. d1–3
  Doxorubicin 25 i.v. d1
  Cyclophosphamide 650 i.v. d1
  Vincristine 1.4 (cap 2 mg) i.v. d8
  Procarbazine 100 p.o. d1–7
  Prednisolone 80 p.o. d1–7
  G-CSF s.c. d8–13

Weekly regimens
Stanford V 4-week-

cycle
  Doxorubicin 25 i.v. d1 and 15
  Vinblastine 6 i.v. d1 and 15
  Mechlorethamine 6 i.v. d1
  Vincristine 1.4 (cap 2 mg) i.v. d8 and 22
  Bleomycin 5 iu/m2 i.v. d8 and 22
  Etoposide 60 i.v. d15 and 

16
  Prednisolone 40 p.o. daily to 

week 10 
then taper

VAPEC-B 4-week-
cycle

  Doxorubicin 35 i.v. d1 and 15
  Cyclophosphamide 350 i.v. d1
  Etoposide 75–100 i.v. d15–20
  Vincristine 1.4 (cap 2 mg) i.v. d8 and 22
  Bleomycin 10 i.v. d8 and 22
  Prednisolone 50 p.o. daily to 

week 6 
then taper
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Regimen % CR % EFS (5 years) % OS (5 years) % OS (³7 years)

MOPP [26–29, 51] 67–81 40–60 65–73 51–70

MVPP [42, 57, 126] 72–76 60 65–75

ChlVPP [43, 127] 57–74 55–60 66 65

ABVD [28, 59, 60, 77, 78, 85, 86] 68–92 61–80 73–90 77

MOPP/ABVD alternating [28, 53, 128] 83–92 65–70 75–84 74

COPP/ABVD alternating [58, 72, 73] 85 69 83 75

MOPP/ABV hybrid [55, 56, 59, 128] 80–88 66–75 76–83 72

Stanford V [75–78] 72–91 54–94 82–96

VAPEC-B [79] 47 62 79

ChlVPP/EVA [60, 79] 67 82–84 89

BEACOPP baseline [72, 73] 88 76 88 80

Escalated BEACOPP [72, 73] 81–96 87 91 86

Table 9.3  Summary results of combination chemotherapy regimens used in first-line therapy of advanced HL

modality approach of three cycles before and after 
extensive irradiation yielded an 80.7% CR rate after 
MOPP/radiotherapy and 92.4% after ABVD/radio-
therapy (p < 0.02). At 7-year follow-up, ABVD sur-
passed MOPP for FFP (80.8% vs. 62.8%; p < 0.002), 
RFS (87.7% vs. 77.2%; p = 0.06), and OS (77.4% vs. 
67.9%; p = 0.03). With longer follow-up, the disadvan-
tages of MOPP in terms of fertility damage and second 
MDS/leukemia were more apparent.

Currently, ABVD is considered by most investiga-
tors as the standard chemotherapy for most patients 
with HL, with the possible exception of high-risk 
patients with advanced disease and poor prognostic 
features. Reasons to avoid ABVD relate to previous 
lung impairment and decreased left ventricular ejec-
tion fraction. Hematological toxicity is usually mild 
and ABVD may be delivered safely at full dose and on 
schedule, to a nonselected average population of adult 
patients without the need to modify doses in the pres-
ence of neutropenia [50].

9.2.2.4 � Alternating and Hybrid Regimens

Although the study of drug resistance mechanisms and 
mathematical modeling was widely pursued during the 
1970s, the first alternating regimen emerged from the 
plan by Bonadonna to use the ABVD regimen together 
with MOPP as a means to test it in initial therapy [51]. 
This was based on the observation of a higher salvage 

rate with ABVD than with MOPP in patients previ-
ously treated with MOPP, and the deduction that 
ABVD could be “non-cross resistant” with MOPP. 
By contrast with the pragmatic testing of alternating 
regimens, hybrid regimens had their origins in a more 
scientific approach, being designed to circumvent 
innate and acquired mechanisms of resistance as 
modeled by [52].

�MOPP/ABVD Alternating Therapy

ABVD (with irradiation) had yielded good results when 
compared to MOPP. Despite the small numbers of 
patients studied, a study comparing MOPP alone with a 
monthly alternation of MOPP and ABVD was consid-
ered the logical next move. The originators felt no need 
for a large study, nor a long follow-up, because the first 
results were quite convincing and appeared rapidly. At 
5 years, MOPP-ABVD alternation, compared to MOPP 
alone, yielded a superior CR rate (92 vs. 71%; p = 0.02), 
FFP (70 vs. 37%; p < 0.0001), and disease-free survival 
(84 vs. 54%; p < 0.005) [51–53].

It took more than 20 years to confirm the superiority 
of MOPP/ABVD over MOPP [28, 54]. There are sev-
eral reasons for this: the original studies were small and 
lacked follow-up by comparison to the extensive evi-
dence base for MOPP; ABVD, with bleomycin and 
without corticosteroids, was considered more toxic than 
MOPP when combined with irradiation, especially to 
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the mediastinum; and the biological rationale behind the 
superiority of the alternating regimen was not clearly 
understood. This critical question was investigated by 
the CALGB through the addition of a third arm, ABVD 
alone, and by the SFOP in children. In neither study did 
the alternating regimen prove superior to ABVD alone, 
suggesting that it is the superiority of ABVD over MOPP 
which is the key determinant of outcome, rather than the 
use of multiple chemotherapy drugs. This hypothesis is 
supported by the design of the CALGB trial where an 
unbalanced number of cycles (12 MOPP/ABVD vs. 6 
ABVD) should favor the alternating arm. If Bonadonna’s 
initial results demonstrating the superiority of ABVD 
over MOPP had been widely accepted, despite the small 
numbers, the next logical trial would have been to test 
ABVD vs. MOPP/ABVD, which could have saved 20 
years of studies. In the event, alternating MOPP and 
ABVD was considered a good compromise of old and 
new and served as the regimen to test against MOPP, at 
least in Europe [31].

�The Goldie and Coldman Model  
and the “Hybrid” Regimens

Goldie and Coldman described the relationship between 
tumor drug sensitivity and spontaneous mutation rates. 
This mathematical model was the rationale for the devel-
opment of “hybrid” regimens, which introduced many 
different drugs with different mechanisms of action, 
early in the course of treatment and with a rapidly 
cycling schedule, to erase preexisting resistance to one 
or the other drug [52]. The MOPP/ABV hybrid regimen 
and the similar ChlVPP/EVA were widely used for over 
two decades [55–57]. Several features explain this: a 
high and durable complete response rate, the short dura-
tion of the program by comparison to alternating thera-
pies, the overall decrease in the cumulative doses of 
doxorubicin and mechlorethamine, and less extensive 
irradiation required for residual disease.

Unfortunately, although theoretically attractive, this 
concept did not bring any advantage compared to con-
ventional 4-drug or alternating regimens. In the GHSG 
HD6 trial, HL control was similar with the hybrid 
COPP/ABV/IMEP and alternating COPP/ABVD, with 
more toxicity in the hybrid [58]. Two later trials, 
designed to test the benefit of the early introduction of 
all drugs in a rotating fashion, actually favored ABVD 
in that the control of lymphoma was the same, but the 

toxicity more severe with the hybrid regimens [59, 60]. 
Both the intergroup and the UK studies reported simi-
lar findings, with a hazard ratio of 10.5 for grade 3/4 
mucosal toxicity and 3.94 for grade 3/4 infection in the 
UK study. In the Intergroup study there was a small, 
but worrying, increase in the incidence of MDS or 
acute myelogenous leukemia, with 11 cases in patients 
randomized to the hybrid arm and two among patients 
randomized to ABVD (p = 0.011).

9.2.2.5 � The Dose/Response Relationship:  
Norton and Simon Model

Much of the thinking about how to maximize the cure 
rate in lymphoma has centered upon the relationship 
between dose and response to cytotoxic therapy. 
Theories of tumor cell ecology have suggested that as 
the mass of disease is reduced, the growth fraction may 
rise. This, together with the assumed selection of resis-
tant subclones, underlies the idea that tumor eradica-
tion is dependent upon the delivery of treatment at 
adequate dose intensity early in a course of treatment. 
If doses are too small or too infrequent, the fractional 
cell kill might be expected to decline and allow the 
emergence of resistance [61].

Three prospective clinical trials have directly 
addressed the question of dose vs. response using the 
same chemotherapy drugs in both arms. In the first-
line treatment of advanced disease, a critical study was 
performed by the German Hodgkin study group (HD9), 
as detailed later on, in which patients were randomized 
between the baseline BEACOPP regimen and an esca-
lated regimen, with the doses of doxorubicin, cyclo-
phosphamide, and etoposide increased to 140, 185, 
and 200%, respectively. This resulted in an increase in 
freedom from treatment failure (FFTF) at 5 years from 
76 to 87% (p < 0.01), which was translated into a small 
but significant improvement in survival on longer fol-
low-up (80 vs. 86% at 10 years, p = 0.0053). This was 
at the cost of an increased risk of MDS and acute leu-
kemia in the escalated arm, but at a frequency too low 
to reverse the gain in survival from better control of the 
lymphoma [62].

There are two randomized studies for recurrent dis-
ease which have yielded similar data on the dose-
response relationship. The UK group compared the 
myeloablative BEAM regimen to mini-BEAM, which 
uses the same drugs at nonmyeloablative doses. The 
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high-dose treatment yielded superior progression-free 
survival (p = 0.005), although the trial was closed with 
only 44 patients recruited and had insufficient power to 
demonstrate a survival advantage [63]. A study of sim-
ilar design was conducted by the German group, and 
this too demonstrated superior FFTF at 3 years (55% 
for BEAM, 34% for nonmyeloablative dexa-BEAM, 
p = 0.019), although once again no survival difference 
could be demonstrated [64].

While there is good evidence for an overall dose-
response relationship, there are several areas of con-
tinuing uncertainty. For example, it is not clear whether 
the dose of treatment over a whole course is the critical 
determinant of outcome, or whether initial dose inten-
sity during the first weeks of treatment is more impor-
tant. From retrospective analyses comparing outcomes 
to doses administered, it appears that the most influen-
tial factor is the total dose of treatment given, with 
some scope for compensating suboptimal early treat-
ment by later escalation, a finding that may distinguish 
HL from many other malignancies [65–67].

�Dose/Response Relationships and Treatment 
Tolerance: An Individual Characteristic?

A dose response for both malignant and normal tissue 
toxicity is well-recognized, raising the question of 
whether the efficacy of tumor control can be related to 
toxic side effects, effectively using each subject as their 
own pharmacodynamic control. It would be convenient 
if no such relationship existed as it would allow mod-
eration of drug doses and thereby minimize patient 
toxicity, but there is evidence to suggest that this would 
be the wrong approach. The GHSG explored hemato-
toxicity as a surrogate for pharmacological and meta-
bolic heterogeneity, in relation to reduced systemic 
dose and disease control. Patients treated with various 
regimens in the HD6 trial (validated on two other 
cohorts) were retrospectively classified as showing 
WHO grade of leukocytopenia 0–2 and over two, 
respectively. Patients with a high hematological toxic-
ity had a 5-year FFTF rate of 68 vs. 47% for those with 
low toxicity, independent of the actual drug doses 
received [68]. No pretreatment pharmacokinetic param-
eters could be found to explain these observations; 
however, recent work from the GELA has explored 
polymorphisms in a population of HL patients that 
might determine anticancer agent metabolism. The 

UGT1A1 polymorphism has been identified as a pos-
sible candidate for influencing the metabolism of sev-
eral anticancer drugs and patient outcomes [69]. 
Unfortunately, similar dose-response relationships are 
also seen for long-term toxicities, for example, infertil-
ity and secondary leukaemia [70–73].

9.2.2.6 � Sustained/Weekly Regimens

Pursuing the idea of increased dose intensity, several 
groups developed novel, brief duration regimens for the 
treatment of advanced HL. The underlying rationale for 
the development of these regimens was, firstly, an 
increase in the dose intensity of chemotherapy by reduc-
tion in the total duration of treatment, but an increase in 
the number of different agents, and secondly, reduced 
cumulative doses of drugs responsible for long-term toxic 
effects, including alkylating agents, doxorubicin, and 
bleomycin. The PACEBOM, VAPEC-B, and Stanford V 
regimens were all designed to deliver weekly treatments, 
alternating between myelosuppressive and nonmyelo-
suppressive agents. The preliminary results from single 
arm studies appeared promising, with high response and 
survival rates [74]. Unfortunately, the results of random-
ized trials did not confirm the early promise of these 
regimens.

The Stanford V program developed from the close 
collaboration of radiotherapy and chemotherapy, 
endeavoring to minimize the use of each modality, 
aiming at improved results with less toxicity. Initial 
chemotherapy was composed of the standard drugs 
from the MOPP/ABVD scheme (mechlorethamine, 
doxorubicin, bleomycin), plus etoposide, with dose 
intensity increased for better/earlier tumor response 
while cumulative doses, thought to be responsible for 
late toxicity (marrow, heart, lung), were reduced. The 
use of alkylating agents was limited in order to avert 
gonadal damage. The final scheme was an abbreviated 
12-week program with radiotherapy started 2–4 weeks 
after chemotherapy, restricted to sites at higher risk for 
relapse (bulky sites), and delivered at 36 Gy, in order 
to reduce the incidence of late cardio-pulmonary 
effects, and “mini-mantle” instead of mantle fields 
sparing the axillae to decrease the risk of second breast 
carcinoma. The results of the initial “Stanford V” 
phase 2 were confirmed in the Eastern Cooperative 
Oncology Group (ECOG) E1492 study in 45 patients, 
of whom 87% received radiotherapy; FFP was 85% at 
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5 years, OS 96% with one death from HL, and one 
from an M5 acute myeloblastic leukemia (AML) [75]. 
Later analysis confirmed these excellent results and 
the relative preservation of fertility in both women and 
men; no case of second MDS/leukemia or NHL had 
been registered at a 65-month median follow-up [76].

A randomized trial (Italian Lymphoma Group: 
ILL) compared Stanford V to mechlorethamine, vin-
cristine, procarbazine, prednisone, epidoxirubicin, 
bleomycin, vinblastine, lomustine, doxorubicin, vin-
desine (MOPPEBVCAD), and to ABVD as the stan-
dard in 355 patients with stage IIB–IV HL. In this trial 
the Stanford V arm was inferior to the other two arms 
in terms of 5-year failure-free survival (FFS) (54 vs. 
78% for ABVD and 81% for MOPPEBVCAD, respec-
tively (p < 0.01 for comparison of Stanford V with the 
other two regimens)) [77]. However, only 66% of 
patients in the Stanford V arm received irradiation, 
against 87% in the ECOG phase 2 study: this is 
important in a strategy that was originally designed to 
combine both modalities. The Stanford V program 
was also compared to ABVD in a large prospective 
trial run by the UK National Cancer Research Institute 
Lymphoma Group (NCRI) in 520 patients with stage 
IIB–IV HL. Results in the Stanford V and in the ABVD 
arm were similar for 5-year progression-free survival 
(PFS) and OS rates (76 and 90%, for ABVD; 74 and 
92% for Stanford V, with radiotherapy administered in 
53 and 73%, respectively) [78]. The relatively exten-
sive use of radiotherapy required to achieve optimum 
results for weekly regimens makes them a less attrac-
tive choice for many patients: in the UK study 73% of 
patients treated with Stanford V received consolidation 
radiotherapy, compared to 37% in the previous UK 
study using ABVD in a similar group of patients. 
However, the short 12-week duration of the Stanford V 
regimen, with appropriate radiotherapy, remains an 
acceptable approach, mainly for patients with low-risk 
nonbulky disease.

The only other weekly regimen to be compared 
with a hybrid regimen in a randomized trial was one 
featuring myelosuppressive (doxorubicin, cyclophos-
phamide, and etoposide) and relatively nonmyelosup-
pressive (vincristine and bleomycin) drugs given on an 
alternating weekly basis for 11 weeks: VAPEC-B. This 
was compared to a hybrid ChlVPP-EVA schedule for 
advanced disease, expected to still be significantly 
more myelosuppressive and to impair fertility, and 
showed inferior progression-free survival for the 

weekly regimen in all but the best prognosis subgroup. 
Event-free survival at 5 years in newly diagnosed 
patients with advanced disease following the hybrid 
regimen was 78% vs. 58% for VAPEC-B, which trans-
lated into better OS, at 89% vs. 79% [79].

9.2.2.7 � Escalated-Dose Regimens

In order to spare patients the acute gastrointestinal and 
hematologic toxicities, the original recommendation 
of the NCI to follow a “sliding scale” of dose adapta-
tion for MOPP was gradually superceded by fixed 
doses at well-tolerated levels and intervals. Retrospective 
studies of MOPP and MVPP suggested that the cumu-
lative dose, as much as frequency of administration or 
dose intensity, might determine the outcomes [29, 80]. 
These observations also appear to hold for ABVD 
[67], although all these are retrospective and need to be 
confirmed in a prospective study.

The German Hodgkin Study Group has pioneered 
the exploration of two levels of dose increment, in the 
conventional dose range, by reducing the length of 
treatment and adding etoposide to the standard regi-
men, COPP/ABVD [81]. Further intensification was 
carried out by increasing the myelosuppressive drug 
doses, with growth factor support. Both intensified 
regimens provided higher CR, FFTF and, crucially, 
statistically higher OS as compared to standard COPP/
ABVD [62]. The early effects of dose intensification 
were maintained in the long-term results at 10 years: 
FFTF was 64, 70, and 82% with OS rates of 75, 80, 
and 86% for patients treated with standard COPP/
ABVD, BEACOPP baseline, and BEACOPP esca-
lated, respectively (p < 0.001)[72]. The higher overall 
chemotherapy doses, as given in the escalated 
BEACOPP scheme, appear to provide greater disease 
control than any of the previous or contemporary regi-
mens. This is supported by the very low number of 
deaths due to the progression of lymphoma (2.8%). 
The GHSG has conducted a series of studies, HD12, 
HD15, HD18, all using escalated BEACOPP in 
advanced HL patients (under the age of 61) whose pre-
liminary results appear to replicate closely those of the 
escalated BEACOPP arm in the HD9 study [82–84].

The GHSG reported early on its concerns for the 
immediate toxicity, especially among patients older 
than 65, and in younger patients, impaired fertility and 
risk of MDS or secondary AML. A review of the HD9 
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results concerning the cumulative incidence of all sec-
ond tumors at 10 years confirmed that the rate for 
AML/MDS was lower after COPP/ABVD (0.4%) vs. 
BEACOPP baseline (2.2%) and BEACOPP escalated 
(3.2%; log-rank test: p = 0.03). However, counting all 
secondary malignancies, there was no difference (5.3% 
after COPP/ABVD, 7.9% after BEACOPP baseline, 
and 6.5% after BEACOPP escalated [72].

The immediate and long-term toxic effects of esca-
lated BEACOPP and the reluctance of many special-
ists to consider COPP/ABVD as a standard comparator 
have hindered acceptance of escalated BEACOPP as a 
new standard of care. Two Italian trials, HD2000 and 
GSM-HD, have demonstrated superior PFS with esca-
lated BEACOPP in comparison to ABVD. In HD2000, 
BEACOPP resulted in an 81% (95% CI, 70–89%) 
5-year PFS vs. 68% (95% CI, 56–78%) for ABVD, but 
no significant OS difference was observed [85]. 
Similarly, the GSM-HD trial demonstrated a higher 
3-year FFP for escalated plus baseline BEACOPP 
(4 + 4) vs. ABVD (87 ± 3% and 71 ± 4%), respectively, 
but freedom from second progression (FF2P) and OS 
were alike [86]. ABVD was declared preferable, tak-
ing into account the lesser toxicity, including fewer 
toxic deaths (1 vs. 6).

Despite these reservations, the outstanding results 
of escalated BEACOPP are appealing, particularly  
in higher risk patients. A large intergroup trial 
(NCT00049595), led by the EORTC and GELA, has 
compared 8 cycles of ABVD to a sequence of 4 esca-
lated and 4 standard dose BEACOPP (4 + 4), without 
any radiotherapy, in 550 high-risk patients (IPS ³ 3). 
This study closed for entry in early 2010, and the 
results are pending.(www.cancer.gov).

9.2.2.8 � High-Dose Treatment and Autologous 
Stem Cell Transplantation as Part  
of Initial Therapy

Attempts have been made to improve results by using 
intensified consolidation and peripheral blood stem 
cell (PBSC) rescue for patients considered at high risk. 
Two randomized studies have explored this concept 
for HL. The Scotland and Newcastle Lymphoma 
Group HD3 study randomized 65 out of 126 high-risk 
patients: resulting in a nonsignificant advantage for the 
conventional arm (TTF 85 vs. 79%, p = 0.35) [87].  
A European study of similar design randomized 163 

high-risk patients achieving CR or PR after 4 ABVD 
or an equivalent regimen to receive HDT plus ASCT 
(83 patients) or four more courses of conventional che-
motherapy (80 patients). There was no evidence of a 
benefit to the group receiving high-dose therapy: CR 
92 vs. 89%, 5-year FFS 75 vs. 82%, and OS 88 vs. 
88%, respectively [88].

The Groupe Ouest-Est d’Etude des Leucémies et 
Autres Maladies du Sang (GOELAMS) undertook a 
randomized study in 158 high-risk patients, comparing 
conventional intensive chemotherapy (n = 82) with 
vindesine (5 mg/m2), doxorubicin (99 mg/m2), carmus-
tine (140 mg/m2), etoposide (600 mg/m2), and methyl-
prednisolone (600  mg/m2) (VABEM) followed by 
low-dose lymph node irradiation vs. (n = 76) 4 cycles 
of ABVD followed by myeloablative carmustine 
(300  mg/m2), etoposide (800  mg/m2), cytarabine 
(1,600  mg/m2), and melphalan (140  mg/m2) and 
ASCT. The results were remarkably similar for  
CR (89 vs. 88%), 5-year FFTF (79 vs. 75%), and OS 
(87 vs. 86%) [89].

In summary, there is no evidence to support the use 
of high-dose consolidation at first remission in HL at 
present.

9.3 � Chemotherapy in Combined 
Modality Treatment  
for Advanced Disease

Up to 30% of the patients with advanced HL will 
relapse, or progress, often in initially involved areas 
where bulky disease was present [90]. Because of this 
and the undoubted efficacy of irradiation in controlling 
localized disease, radiotherapy is widely used in con-
solidation to improve cure rates in advanced disease. 
Several retrospective or older studies supported this 
approach; a metaanalysis of 14 randomized trials in all 
stages of HL demonstrated improved EFS but not sur-
vival, albeit with adverse survival effects when the 
radiation was extensive [91]. There are, however, con-
cerns regarding the long-term side effects of such irra-
diation, which necessitate a careful review of the 
approach. The usefulness of consolidation in general, 
and of radiation therapy in particular, may be better 
understood from a more detailed analysis of the key 
studies.

http://www.cancer.gov
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9.3.1 � Does Consolidation Radiotherapy 
Improve Outcomes Compared  
to Chemotherapy Alone?

The answer here depends to a large extent on the effec-
tiveness of the chemotherapy. Series that demonstrate 
an EFS advantage for combined chemotherapy-radio-
therapy tend to be those with shorter or less intense 
regimens. For example, if the results of three different 
studies of the Stanford V regimen are compared, there 
is a correlation between the EFS and the proportion of 
patients receiving radiotherapy: in the Italian Lymphoma 
Group (IIL) study 66% of patients received radiother-
apy for a EFS of 73%, while in the UK NCRI trial the 
figures were 73% irradiated and 75% EFS, and in the 
series from Stanford, 91% irradiated and 89% EFS 
[76–78]. The correlation is much less evident for radia-
tion after the more intensive escalated BEACOPP regi-
men: in the IIL study 45% were irradiated for an EFS 
of 81%, while in the German HL Study Group a radio-
therapy rate of 71% yielded EFS of 87% [62, 85]. The 
results with ABVD appear to lie somewhere between 
these two: analysis of the UK NCRI trial results with 
ABVD showed that patients selected to receive con-
solidation radiotherapy had superior EFS, despite more 
adverse baseline prognostic factors such as bulk dis-
ease, and a lower proportion being in CR at the end of 
chemotherapy, a finding which held across all prog-
nostic subgroups [92].

9.3.2 � For Patients Who Received 
Induction Chemotherapy,  
Is Radiotherapy Consolidation 
More Effective than Additional 
Chemotherapy?

In adults, two well-designed trials have addressed this 
question. In the GHSG HD-3 trial, 288 patients 
received 6 cycles of COPP/ABVD, and 100 patients in 
radiological CR were randomized to one additional 
COPP/ABVD or IF RT 20 ± 20 Gy. There was no dif-
ference in terms of tumor control, but patients who did 
not receive any consolidation fared poorly [93]. The 
GELA group conducted a larger trial which gave much 
the same result: 533 patients with advanced HL were 

randomized to 6 cycles of MOPP/ABV or doxorubi-
cin, bleomycin, vinblastine, procarbazine, prednisone 
(ABVPP). Patients in CR or PR ³ 75% after 6 cycles 
were randomized between two additional cycles of 
chemotherapy or subtotal nodal irradiation (STNI). 
There was some interaction between the randomiza-
tions, with the best OS seen after ABVPP alone; 
however, there was no significant difference overall 
in the second randomization: the 10-year DFS figures 
for patients treated with consolidation CT or STNI 
were 73 and 78%, respectively (p = 0.07). Once again, 
patients who received no consolidation at all had 
poorer survival [94].

9.3.3 � If Complete Response  
is Achieved After Chemotherapy, 
Does Additional Radiotherapy 
Provide an Advantage?

Once again the intensity and efficacy of the prior che-
motherapy appear to be influential, as does the level of 
detail at which the response is assessed. Two trials 
have suggested that radiotherapy may be unnecessary 
for many patients.

The EORTC conducted a trial in patients with stage 
III–IV HL who were in CR after 6 or 8 cycles of hybrid 
MOPP-ABV. 333 of 421 potentially eligible patients 
were randomized over a 10-year period to receive 
either no further treatment or IF RT 24 Gy to all ini-
tially involved nodal areas and 16–24  Gy to all ini-
tially involved extranodal sites. The 5-year EFS was 
84% in the no treatment group and 79% in the IF RT 
group (p = 0.35). There was a nonsignificant trend 
toward inferior survival in the radiated group, a find-
ing ascribed to cardiac toxicity and second malignan-
cies [55].

Chemotherapy or radiotherapy consolidation in CR 
patients enrolled in the HD-3 trial was shown to be 
equivalent [93]. Following a series of studies in which 
consolidation radiotherapy continued to be used, the 
GHSG HD 12 trial examined the role of consolidation 
radiotherapy following either 8 escalated BEACOPP 
or 4 escalated and 4 baseline. Nine hundred and thirty-
four patients were randomized between radiotherapy 
or no radiotherapy, and no difference was seen in FFTF 
or OS [82].
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The findings from the UK NCRI LY09 study are in 
contrast with patients who received consolidation 
radiotherapy following complete remission showing a 
significantly greater EFS, although this was not a ran-
domized comparison. If anything, the irradiated group 
had less favorable baseline characteristics [92].

The findings in the German HD 15 study offer an 
interesting perspective on the potential future role of 
consolidation radiotherapy for advanced HL. In this trial, 
patients with residual masses over 2.5 cm after BEACOPP 
chemotherapy which showed positive uptake on a FDG-
PET scan underwent radiotherapy to 30 Gy, while those 
with a PET-negative mass were managed expectantly. 
The results in the latter group were excellent, with 96% 
disease-free at 1 year. In the PET-positive group who 
underwent irradiation, the success rate was also relatively 
high, with 85% disease-free, suggesting that for residual 
active disease irradiation can play a valuable role [84].

As a conclusion, there is no need to cure patients 
twice, and radiotherapy may be avoidable in patients 
who achieve a true CR after adequate chemotherapy. 
Patients without evidence of active disease can be 
expected to have an excellent prognosis without irra-
diation, while those in whom there is still an abnormal-
ity seem likely to require additional therapy, and in this 
situation, radiotherapy may be effective. It is to be 
hoped that the controversy surrounding the use of con-
solidation radiotherapy may finally be resolved with 
the functional assessment of residual disease.

9.4 � Chemotherapy for Localized HL:  
A Radiation/Chemotherapy Balance

From the first combined modality trials up to the present, 
there has been a progressive shift in the relative roles of 
radiation and chemotherapy. There have been several 
factors behind this, including increasing cure rates, bet-
ter means of determining the extent of disease, better 
prognostic indices, and most importantly, the increasing 
recognition of the long-term risks from treatment.

9.4.1 � Early Favorable Localized Disease

The first trial of ABVD in combination with radiother-
apy confirmed that 4 cycles of ABVD with adjuvant IF 

RT gave results as good as those seen with STNI [95]. 
The GHSG HD-7 study used a similar design to show 
that 2 cycles of ABVD followed by EF RT 30 Gy with 
a 10 Gy boost were superior to STNI in favorable local-
ized HL [96]. The GHSG HD-10 study compared the 
number of cycles of ABVD (4 as standard vs. 2) and 
the dose of IF RT (20 vs. 30  Gy) in the same early 
favorable group. The results were similar in all four 
treatment arms, contributing to the proposal that ABVD 
x2 cycles + IF RT 20 Gy could be the standard approach 
for favorable early stage localized HL [73].

MOPP/ABV is no longer used in early HL owing  
to its more severe acute and long-term toxicity when 
compared to ABVD, with equivalent tumor control. 
However, the EORTC/GELA H8F trial demonstrated a 
survival advantage for 3 cycles of MOPP/ABV+ IF RT 
over STNI in favorable localized HL [97]. This result 
confirmed an earlier finding obtained by the same group 
in the H7F trial, where EBVP and IFRT produced 
clearly superior results to extended radiotherapy [98].

9.4.2 � Early Unfavorable  
Localized Disease

The superiority of ABVD over MOPP in combination 
with mantle RT was demonstrated in the EORTC H6U 
study, where 3 cycles of ABVD cycles prior and after 
mantle RT provided the best results seen in an EORTC 
study for this group of patients. The trial was also 
designed to monitor short and long-term toxicities and 
showed the pulmonary hazards associated with bleo-
mycin, as well as the absence of gonadal and cardiac 
toxicity of the ABVD arm [99].

Similar results were achieved with 4 cycles of ABVD 
and IF RT in the EORTC/GELA H9U trial. Here, 4 
cycles of ABVD followed by 30 Gy IF RT produced 
results as good as 6 cycles of ABVD or 4 BEACOPP 
baseline [100].

The results of the GHSG HD-11 trial for unfavor-
able/intermediate localized HL strike a note of caution 
regarding the de-escalation of combined modality treat-
ment. This study compared 4 cycles of ABVD with 4 
BEACOPP baseline, followed by either 20 or 30 Gy IF 
RT. Progression-free survival was significantly inferior 
in the ABVD+20 Gy arm (Hazard ratio 1.49, p = 0.03), 
suggesting once more an interaction between the inten-
sity of chemotherapy and the role of radiation [101].
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In young patients, especially females, the Stanford V 
program has provided excellent results while preserving 
fertility in most cases. For comparison with the European 
experience, the Stanford V data in early stage HL have 
been retrospectively analyzed: Favorable/early patients 
received 8 weeks of chemotherapy + 20 or 30  Gy IF  
RT, while unfavorable/intermediate risk patients were 
treated with 12 weeks of chemotherapy + 36  Gy. By 
comparison with European (EORTC and GHSG risk 
factors), this resulted in excellent FFP and OS, although 
second-line treatment proved less successful in the 
unfavorable group [102]. Fertility was preserved with 
25 live births/pregnancies reported in this group of 120 
patients [103, 104].

9.4.3 � Chemotherapy Regimens  
Designed to be Combined with 
Radiotherapy for Early Disease

Several regimens have been devised specifically for 
use in early HL in combination with radiotherapy. 
These have generally represented attenuated versions 
of regimens used in advanced disease, with the inten-
tion they would be less toxic, both acutely and in the 
long term (Table 9.4).

The VBM regimen was specifically designed to 
avoid cardiac and gonadal toxicities. The results of the 
initial phase II study in laparotomy-staged patients 
were unfortunately not confirmed in a clinically staged 
group when compared to STNI, and this approach has 

not been pursued. With an interval of only 2 weeks 
between the last bleomycin dose and RT, the reported 
effects on the lung function were moderate [105]. 
However, more severe pulmonary toxicity was reported 
in two other studies in the UK and Italy and this 
approach has not been pursued.

EBVP was adopted by the EORTC in the hope of 
reducing cardiac toxicity. The regimen was well-toler-
ated and only required six administrations at 3-week 
intervals. In a large trial, EORTC H7F for localized 
favorable clinically staged patients, combined with IF 
RT, it demonstrated an OS advantage by comparison to 
STNI [98]. Unfortunately, the same combination proved 
less effective as a chemotherapy alone option: in the 
3-arm H9F trial the EBVP-alone arm was markedly 
inferior to the two arms where it was combined with IF 
RT (20 or 30 Gy). Similarly in patients with unfavorable 
localized HL, FFP, and OS with EBVP, x6 + IF RT were 
inferior to MOPP/ABV x6 + IF RT [100]. This is a fur-
ther evidence of the interaction between chemotherapy 
dose, irradiation, and severity of HL.

Attempts have been made to delete some compo-
nents of ABVD for combined modality therapy of 
early HL, with mixed results. The SWOG tested AV, 
and the study was closed at the second planned interim 
analysis due to a superior 3-year FFS with the CMT 
arm (94%) compared with STLI (81%) [106]. The 
question of which drugs from the original ABVD 
should be retained remains controversial, but the initial 
results of GHSG HD-13 trial give some indication. In 
this study of early favorable HL, a comparison is made 
between 2 cycles of ABVD, AVB, AVD, and AV, all 
followed by 30 Gy IFRT. The final result is not avail-
able for this trial, but two arms have been closed pre-
maturely: AV and ABV. Removal of dacarbazine 
appears to have been detrimental in both cases.

9.4.4 � Chemotherapy Alone Trials

Attempts to use chemotherapy-only approaches to 
early stage HL have not met with success to date, per-
haps owing to the use of insufficiently intensive or pro-
longed cytotoxic treatment. In the pediatric and 
adolescent population, a large Children’s Cancer Group 
(CCG) trial assessed radiotherapy in CR patients (CCG 
5942 trial). Initial treatment was with a response-
adapted COPP/ABV (4–6 cycles), of which a number 

Drugs Dose (mg/m2) Route Schedule

AB q. 28d
  Doxorubicin 25 i.v. d1 and 15
  Vinblastine 6 i.v. d1 and 15

EBVP q. 21d
  Epirubicin 75 i.v. d1
  Bleomycin 6 iu/m2 i.v. d1
  Vinblastine 6 i.v. d1
  Prednisone 40 p.o. d1–5

VBM q. 28d
  Vinblastine 6 i.v. d1 and 8
  Bleomycin 10 iu/m2 i.v. d1 and 8
  Methotrexate 30 i.v. d1 and 8

Table  9.4  Chemotherapy regimens specifically designed for 
localized HL
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of patients received only 4 cycles. Half of 501 patients 
achieving a CR were allocated to IF RT and half to 
observation: the observation arm suffered a higher rate 
of recurrence [107].

In adults with localized favorable and unfavorable 
HL, ABVD was compared to a radiation therapy con-
taining strategy (HD6 National Cancer Institute of 
Canada Clinical Trials Group and ECOG) and demon-
strated inferior outcomes [108]. Similarly the European 
H9F trial demonstrated inferior EFS, as already men-
tioned, resulting in a worsening of OS [100]. The 
Memorial Sloan Kettering Cancer Center conducted a 
randomized trial of 6 cycles of ABVD cycles ± RT in 
favorable localized and stage IIIA HL: no significant 
difference emerged, although there was once again a 
trend in favor of the CMT arm [109].

The search continues for an effective and safe method 
to treat patients with localized disease with minimal or no 
radiotherapy exposure. One approach may be to reduce 
the size of the fields using involved node RT, relying upon 
accurate pretreatment delineation of the disease. For the 
elimination of radiotherapy altogether in some patients,  
it is hoped that a response-adapted strategy may provide 
a solution, using FDG-PET evaluation to determine 
whether radiation may safely be omitted. The current tri-
als of the UK NCRI Group [110] and others in Europe 
(EORTC H10, GHSG HD-16) take this approach.

9.5 � Chemotherapy Treatment  
for Recurrent and Refractory 
Hodgkin Lymphoma

9.5.1 � Salvage Chemotherapy Regimens

A variety of agents with activity against HL have per-
mitted the development of many salvage regimens for 
use in that minority of patients whose lymphoma is not 
eradicated by first-line therapy. The preference in design-
ing these regimens is to select agents with sufficiently 
different mechanisms of action to reduce the likelihood 
of cross-resistance to the prior treatment. In the majority 
of patients, the aim of second-line therapy is to produce 
a sufficient response to proceed to high-dose treatment 
with autologous progenitor cell rescue, as this appears to 
be the only means to produce long-term remission in 
more than 50% of patients.

There is currently no accepted standard salvage che-
motherapy for HL. The regimens in common use are 
listed in Table 9.5. Many regimens in wide use contain 
cisplatin, such as DHAP (dexamethasone, cytosine ara-
binoside, and cisplatin) [111] and ESHAP (etoposide, 
methylprednisolone, cytosine arabinoside, and cisplatin) 
[112], or may use an ifosfamide–etoposide backbone 
such as ICE (ifosfamide, carboplatin, and etoposide) 
[113]. There is interest in using gemcitabine following 
promising single-agent data from its use in refractory 
disease and in vitro studies showing its ability to circum-
vent multidrug resistance (MDR) due to increased 
P-glycoprotein overexpression [114]. Cells expressing 
MDR often have increased deoxycytidine kinase activity 
and reduced deoxycytidine deaminase, allowing intracel-
lular accumulation of gemcitabine phospho-derivatives 
and thereby increasing its cytotoxicity. Combining gem-
citabine with DNA-damaging agents such as platinum 
drugs and other alkylating agents is a logical approach 

Drugs Dose (mg/m2) Route Schedule

Dexa-BEAM q. 21d
  Dexamethasone 24 mg  

daily
p.o. d1–10

  Carmustine 60 i.v. d2
  Etoposide 250 i.v. d4–7
  Cytarabine 100 bd i.v. d4–7
  Melphalan 20 i.v. d3

DHAP q. 21d
  Dexamethasone 40 mg  

daily
i.v. d1–4

  Cytarabine 2,000 bd i.v. d2
  Cisplatin 100 i.v. d1

ESHAP q. 21d
  Etoposide 40 i.v. d1–4
  Cytarabine 2,000 i.v. d5
  Cisplatin 25 i.v. d1–4
  Methylprednisolone 500 mg  

daily
i.v. d1–5

ICE q. 21d
  Ifosfamide 5,000 i.v. d2
  Carboplatin AUC 5 i.v. d2
  Etoposide 100 i.v. d1–3

GDP q. 21d
  Gemcitabine 1,000 i.v. d1 and 8
  Dexamethasone 40 mg  

daily
p.o. d1–4

  Cisplatin 75 i.v. d1

Table  9.5  Salvage regimens in common use for recurrent/
refractory HL
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for disease that has recurred after prior treatment with 
anthracycline and vinca alkaloid drugs. It should be 
noted, however, that the combination of gemcitabine 
with bleomycin, while superficially attractive for HL, 
was accompanied by severe lung toxicity and should be 
avoided [115] (Table 9.8).

The response rate to salvage regimens is generally 
high irrespective of the combination chosen, with 
between 60 and 90% overall response rates and between 
20 and 30% complete responses, depending upon the 
selection of patients. Table  9.6 gives details of the 
reported response rates and toxicity of a variety of regi-
mens reported in the literature.

9.5.2 � High-Dose Therapy

The principles of high-dose therapy for HL are similar 
to those for other chemosensitive malignancies. 
Combinations are chosen to include agents which are 
active against the lymphoma, have different mecha-
nisms of action, where possible, from the previous 
therapy, show a steep dose-response curve, and have 
hematologic toxicity as their dose-limiting characteris-
tic. The most widely used regimens are based upon 
alkylating agents and nitrosoureas, often with etopo-
side. Total body irradiation has been incorporated with 
some regimens, but is no longer widely used following 
the demonstration of increased toxicity in several 
series. Two regimens have dominated the published 
literature for high-dose therapy and autologous pro-
genitor cell rescue, CBV and BEAM [116]. Details of 
the most widely used regimens are given in Table 9.7.

The outcomes of treatment with these have been 
widely reported, with long-term remissions in 30–60% 
of cases (Table 9.8). The likelihood of durable remis-
sion can be estimated from the antecedent features of 
the lymphoma [117]. Several retrospective studies have 
identified risk factors that stratify patients based on 
disease characteristics, such as the presence of B symp-
toms, extranodal disease, and duration of remission 
from front-line chemotherapy. The 5-year event-free 
survival rate for patients with low-risk disease ranges 
from 65 to 80%, whereas EFS for patients with inter-
mediate or high-risk disease is less than 30%, with the 
majority of relapses occurring within the first 2 years 
after high-dose therapy. Even for patients with disease 
that does not enter remission with first-line therapy, 
there are some long-term remissions achieved using 

Regimen Number 
of patients

Responses (%) Grade 3/4 toxicity (%) Toxic deaths (%)

CR PR ORR Neutropenia Thrombo 
cytopenia

Vomiting

Dexa-BEAM [64] 144 27 54 81 NS NS NS 5

Mini-BEAM [63] 55 49 33 82 86 60 NS 2

ASHAP [129] 56 34 36 70 100 NS NS 0

ESHAP [112] 22 41 32 73 59 NS NS 4

ICE [113] 65 26 59 85 NS NS NS 0

DHAP [111] 102 21 68 89 88 69 26 0

GDP [130] 23 17 52 69 9 13 13 0

Table 9.6  Published results of salvage regimens used in HL

Regimen Drugs included Total dose  
administered (mg/m2)

CBV Cyclophosphamide 4,800–7,200
Carmustine 300–600
Etoposide 750–2,400

BEAM Carmustine 300
Etoposide 800–1,200
Cytarabine 1,600
Melphalan 140

BEAC Carmustine 200–300
Etoposide 600–1,200
Cytarabine 800–1,200
Cyclophosphamide 6,000

LACE Lomustine 200
Cytarabine 4,000
Cyclophosphamide 1,800
Etoposide 1,000

Table 9.7  High-dose regimens commonly used for HL
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high-dose treatment, with a retrospective study of the 
European Bone Marrow Transplant registry reporting a 
5-year PFS of 32% among 175 such cases [118].

There has been no formal comparative study to deter-
mine the best high-dose regimen, although analyses of 
transplant registries have been used and suggest a mar-
ginal advantage for BEAM over CBV. Raising the doses 
of the individual drugs within a high-dose regimen has 
not in general been effective. A study in which the drugs 
in the CBV regimen were increased yielded significant 
pulmonary toxicity when the dose of carmustine exceeded 
450 mg/m2 [119]. A similar study of increasing etoposide 
dose in the BEAM regimen resulted in higher transplant-
related mortality and gastrointestinal complications at a 
total dose of 2,400 mg/m2.

9.5.3 � New Systemic Treatments

There have been relatively few new conventional cyto-
toxic agents developed recently for HL, but both 
monoclonal antibodies and small molecule therapeu-
tics targeting specific abnormal pathways in HL have 
recently started to show some promising results.

Antibody therapies have been directed at relatively 
specific molecules such as CD30 on the surface of 
Reed-Sternberg cells, but the results with unconjugated 
anti-CD30 have been discouraging, probably because it 
targets only a small proportion of the cells within a 
mass of lymphoma [120]. Anti-CD20, given with the 
intention of targeting the infiltrating B-cells and inter-
rupting autocrine growth factor loops, has shown some 
promise in an early pilot study [121], but awaits confir-
matory data from a prospective trial. This approach 

may find more application in the treatment of nodular 
lymphocyte predominant disease, in which CD20 is 
present on the surface of the malignant cells [122]. 
Immunotoxin therapy has shown some very promising 
results, with a response rate of 86% reported using the 
anti-CD30 – monomethylauristatin E (SGN-35) for 
patients with recurrent and refractory disease [123].

Among the small molecule therapies being tested, pro-
teosome inhibitors have been disappointing in HL [124], 
whereas inhibitors of histone deacetylase (HDACi’s) have 
resulted significant responses in early phase studies, 
despite significant marrow toxicity [125]. It is not clear 
whether the principal target of HDACi’s is the malignant 
cell itself or the surrounding inflammatory infiltrate, but 
further studies using a range of more or less specific 
agents targeting different members of the HDAC family 
may yield further information.

9.6 � Conclusions

A variety of pharmacologic hypotheses have been 
tested in the course of the last 50 years, and none has 
been found entirely satisfactory for predicting the out-
comes of treatment. The superiority of ABVD over 
MOPP is established, but the place of the more inten-
sive multiagent regimens such as BEACOPP is still to 
be conclusively proven, and high-dose therapy as a 
component of initial treatment was unrewarding. There 
appears to be a potential trade-off between the inten-
sity of chemotherapy and the value of consolidation 
radiotherapy in advanced disease: it is not clear whether 
any chemotherapy is intensive enough for radiation to 
be dropped altogether, but functional imaging holds 

Regimen Number of 
patients

Status of disease EFS/FFTF (%) OS Reference

CBV 128 Relapse/refractory 25 45 Bierman et al. [119]

BEAM 280 Relapse 60 66 Brice, Marolleau et al. 1996

BEAM 139 Relapse 45 50 Sweetenham et al. [116]

BEAM 175 Primary refractory 32 36 Sweetenham et al. [118]

BEAM 86 Primary refractory 25 35 Andre, Henry-Amar et al. 1999

BEAM 76 Primary refractory 23 30 Ferme, Mounier et al. 2002

LACE 67 Relapse/refractory 64 68 Perz, Giles et al. 2007

Table 9.8  Published results of treatment with high-dose therapy and autologous progenitor cell rescue in HL
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promise for lowering the proportion of patients irradi-
ated very significantly.

As treatment has evolved, the balance between toxic-
ity and efficacy has been established, and new approaches 
using response-adapted therapy hold the promise of 
identifying the minority of patients for whom early 
intensification is a necessity, while allowing de-escala-
tion of treatment in those destined to do well. Finally, 
there are a small number of novel reagents currently 
undergoing testing against recurrent and refractory dis-
ease which appear to hold some promise.
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10.1 � Introduction

Historically, Hodgkin lymphoma (HL) was the first 
malignant disease that could be cured. In the past cen-
tury, the first successful outcomes of radiotherapy 
employing large radiation fields were reported, in par-
ticular in patients with limited disease. Even bulky 
tumors melted away during intense irradiation. One 
might hypothesize that this can be explained by the 
radiosensitivity of the few malignant cells in HL 
(Hodgkin and Reed–Sternberg [H-RS] cells) amidst 
the majority of non-malignant surrounding cells in the 
microenvironment.

Further refinement of this initial treatment approach 
was achieved through carefully designed prospective 
randomized phase III clinical trials. In this context, the 
step-by-step development of uniformly accepted stag-
ing procedures and clear definitions of stages and 
response criteria was a major achievement. This allowed 
direct comparison of study results performed in differ-
ent consortia worldwide.

Focusing on stage-adapted treatment of HL, these 
trials allowed the definition of clinical prognostic fac-
tors. These, in turn, lead to risk-adapted treatment, 
which became more refined with subsequent studies. 
In line with these advances, treatment strategies 
changed from radiotherapy only using extended field 
radiotherapy (EFRT) and later involved field radiation 
(IFRT) to combined modality treatment (CMT) and 
limited chemotherapy only.

Thanks to the long-term follow-up of thousands of 
patients treated within clinical trials over decades, sig-
nificant late effects of treatment became apparent, in 
particular secondary malignancies and damage to the 
cardiovascular and respiratory systems. Based on these 
unexpected findings, which could only be retrieved for 
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the first time in oncology due to the high cure rate and 
accurately documented long-term follow-up of HL 
patients, the ingredients of curative regimens were fur-
ther adjusted. As far as possible, non-carcinogenic 
cytostatic agents were introduced in newly developed 
chemotherapy regimens and radiation doses were fur-
ther reduced. This has lead to the current major chal-
lenges in the treatment of early stage HL: maintaining 
the very high cure rates and at the same time reducing 
the incidence of devastating late effects. To define an 
optimal balance, it is thus strongly advocated to treat 
early stage HL patients within clinical trials and not ad 
hoc according to local guidelines.

This chapter deals with recent developments in the 
treatment of stage I and II HL with favorable prognostic 
factors comprising 40% of all early stage HL patients.

10.2 � Defining Favorable Early  
Stage Disease

10.2.1 � Staging

In HL patients, prognosis is distinctly worse with each 
progressive stage of disease and the selection of appro-
priate treatment depends on accurate staging of the 
extent of disease. The Ann Arbor staging classifica-
tion was formulated in 1971 and is still the most com-
monly used staging system for HL [1]. During the 
Cotswold meeting in 1989, some modifications were 
introduced to account for new imaging techniques 
such as computerized tomography (CT) scanning. In 
addition, clinical involvement of liver and spleen were 
redefined, to formally introduce the concept of bulky 
disease and to draw the attention to the problem of 
equivocal complete remission [2]. Stage I indicates 
involvement of a single lymph node region or a single 
extranodal organ or site. In stage II disease, two or 
more lymph node regions on the same side of the dia-
phragm are involved, or there is localized involvement 
of an extranodal organ or site and of one or more 
lymph node regions on the same side of the diaphragm. 
The stage number is followed by the letter A or B indi-
cating the absence (A) or presence (B) of one or more 
of the following constitutional symptoms: (a) unex-
plained fever with temperatures above 38°C during 

the previous month, (b) drenching night sweats during 
the previous months, and (c) unexplained weight loss 
of more than 10% of body weight in the previous  
6 months. Mediastinal bulk was defined by the ratio of 
the maximum transverse tumor diameter to the inter-
nal thoracic diameter at the level of the T5-6 vertebral 
interspace. A ratio exceeding one-third was consid-
ered bulky.

For the initial staging of HL, a detailed history, 
complete physical examination, bone marrow biopsy, 
and imaging studies are generally recommended. In 
patients with stage IA or IIA disease, a bone marrow 
biopsy has a very low yield and can be omitted [2, 3]. 
Laparotomy with lymph node dissection and splenec-
tomy had been a routine staging procedure, but was 
replaced by CT scanning for the identification of nodal 
and extranodal involvement not detectable by clinical 
examination. Today, most centers perform chest radio-
graphs and CT scans of the neck, thorax, abdomen, 
and pelvis. In case of specific symptoms or physical 
signs, special investigations and imaging studies may 
be performed to confirm clinical involvement at a 
given site. Only a limited number of studies have 
directly assessed the value of positron emission 
tomography using [18F]-fluoro-2-deoxy-d-glucose 
(FDG-PET, here referred to as PET) for the initial 
staging of HL [4, 5]. The sensitivity of PET scanning 
seems to be better than the sensitivity of CT scanning 
for detecting nodal and extranodal disease. This results 
in an upstaging of disease stage in approximately 
15–20% of patients, with an impact on patient man-
agement in about 5–15% [4, 6]. However, the influ-
ence on treatment strategy varies markedly from study 
to study, so the actual impact on patient management 
and outcome remains to be shown. Moreover, care 
should be taken that patients with an excellent progno-
sis and at risk of over-treatment do not receive more 
intensive treatment solely based on the results of the 
PET scan. Also, CT detects some regions of disease 
with normal FDG uptake and, therefore, PET should 
always be combined with CT scans. Nevertheless, a 
pre-therapy PET can be useful for a more reliable inter-
pretation of post-therapy PET [7]. See Chaps. 6 and 7 
for a more comprehensive review of clinical evaluation 
and functional imaging.

About 7% of stage I–II HL patients present with 
infradiaphragmatic disease [8]. The specific features 
and treatment of stage I–II infradiaphragmatic HL 
patients are described in Chap. 12.
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10.2.2 � Prognostic Factors

The stage of the disease is not the only prognostic tool 
in HL. Several studies describing prognostic factors in 
early stage HL have been performed [9, 10]. They were 
derived from long-term follow-up of patient cohorts 
treated in a variety of phase III prospective randomized 
trials. These prognostic factors predict the likelihood of 
occult disease in the abdomen and the effectiveness of 
treatment. The prognostic significance of bulky disease 
particularly in the mediastinum has been well docu-
mented [9]. The presence of constitutional symptoms 
has always been considered one of the main prognostic 
indicators. There is also a strong correlation between 
erythrocyte sedimentation rate (ESR) and the number of 
involved lymph node regions (see Chap. 8 for prognostic 
factors). Different Lymphoma Collaborative Groups 
worldwide use varying combinations of prognostic fac-
tors to identify prognostic risk groups. These prognostic 
factors allow patients to be stratified into favorable or 
unfavorable prognostic groups. The current definitions 
of a favorable treatment group according to the different 
study groups in Europe and the United States are pre-
sented in Table  10.1. The Lymphoma Group of the 
European Organization for Research and Treatment of 
Cancer (EORTC) and the French−Belgian Groupe 
d’Etude des Lymphomes de l’Adulte (GELA) define 
clinical stage I–II patients as favorable if they present 
with the following characteristics: age <50 years and 
low ESR (<50  mm/h without and <30  mm/h with 
B-symptoms), no more than three involved lymph node 
regions, and no large mediastinal mass [11]. All these 
criteria need to be met to be “favorable.” The German 
Hodgkin Study Group (GHSG) criteria differ slightly in 
that they substituted age <50 years with no extranodal 

disease and specify no more than two involved nodal 
regions rather than £3 as in the EORTC [12]. In Canada 
and North America, it is common to define an early or 
limited stage risk group as stage I and IIA disease with-
out bulky disease (see Table 10.1).

10.3 � Radiotherapy Alone

The use of radiation therapy, pioneered at Stanford 
University in the 1960s by Henry Kaplan and Saul 
Rosenberg, offered patients with HL the first hope for 
cure. In the treatment of early stages, EFRT was con-
sidered the standard treatment modality for many 
years. With this technique, radiation was delivered not 
only to the clinically involved but also to the adjacent, 
clinically uninvolved sites. Because it was known that 
HL spreads to contiguous nodal sites, mantle field RT 
encompassed all nodal sites above the diaphragm. The 
combination of mantle field with inverted Y field and 
spleen irradiation was termed “subtotal nodal irradia-
tion” (STNI). See Chap. 9 for definitions of field size.

Significant advances in the treatment of HL were 
then derived from clinical trials. Investigators at Stanford 
demonstrated that radiation therapy alone using total 
lymphoid irradiation or STNI is adequate treatment for 
nearly all patients with pathologic stage I–II. In a series 
of 109 patients, the freedom from relapse rate at  
10 years was 77%. The likelihood of relapse after treat-
ment with irradiation alone was much higher for patients 
with extensive mediastinal disease than minimal medi-
astinal involvement [13].

The Princess Margaret Hospital in Toronto, Canada, 
conducted a retrospective study of patients with clinical 

EORTC/GELA GHSG NCIC/ECOG

CS I–II without risk factors (supradiaphragmatic) CS I–II without risk factors CS I–IIA without risk factors 
(supradiaphragmatic)

No large mediastinal mass
Age <50 years
No elevated ESRa

1–3 involved nodal regions

No large mediastinal mass
No extranodal disease
No elevated ESRa

1–2 involved nodal regions

No large mediastinal mass
Age <40 years
ESR <50 mm/h
1–3 involved nodal regions
LPHL or NS histology

Table 10.1  Definition of early-stage favorable HL

EORTC European Organization for Research and Treatment of Cancer; GELA Groupe d’Etude des Lymphomes de l’Adulte; GHSG 
German Hodgkin Study Group; NCIC National Cancer Institute of Canada; ECOG Eastern Cooperative Oncology Group; CS clini-
cal stage; ESR erythrocyte sedimentation rate; LPHL nodular lymphocyte predominant Hodgkin lymphoma; NS nodular sclerosis
aESR <50 mm/h without B symptoms or ESR <30 mm/h with B symptoms
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stage I and II treated between 1978 and 1986 to 
determine the impact of patient selection and EFRT on 
outcome. The study involved 250 patients with supra-
diaphragmatic disease and no adverse prognostic fac-
tors selected for treatment with radiation alone. Patients 
with favorable prognostic features (age <50 years, ESR 
<40 mm/h, and lymphocyte-predominance or nodular 
sclerosis histology) treated with mantle and para-aortic-
splenic irradiation had only 12.7% actuarial risk of 
relapse at 8 years [14].

Between 1964 and 1987, the EORTC performed four 
consecutive randomized clinical trials aiming to delin-
eate the subsets of patients who could be safely treated 
with RT alone [15, 16] (Table 10.2). In the EORTC H1 
trial, all 288 patients had clinical stage I or II disease 
[17]. No staging laparotomy was performed. Patients 
received mantle field RT in case of supradiaphragmatic 
disease and inverted-Y RT for subdiaphragmatic dis-
ease. Patients in complete remission were randomized 
between no further treatment and 2 years of a weekly 
vinblastine. The 15-year follow-up showed a significant 
advantage in disease-free survival for the combined 
treatment compared with RT alone (60 vs. 38%). The 
incidence of relapse in the para-aortic region was high 
in patients who received supradiaphragmatic RT only. 
However, the benefit of the combined treatment was 
more evident in patients with unfavorable characteris-
tics. The overall survival did not differ significantly 
between both arms (65 vs. 58%).

The EORTC H2 trial compared staging laparotomy 
including splenectomy followed by mantle field and 
para-aortic RT with STNI without staging laparotomy 
in 300 patients with supradiaphragmatic clinical stage 
I–II disease [16, 18]. To assess the prognostic signifi-
cance of the laparotomy findings, the results of the 
staging laparotomy did not change the treatment pol-
icy. It was found that positive laparotomy was associ-
ated with a higher relapse rates. However, the impact 
of positive laparotomy on disease-free survival was 
observed only in patients with favorable prognostic 
factors. At 12-year follow-up, the disease-free survival 
and overall survival did not differ significantly between 
the laparotomy and the no-laparotomy groups (76 vs. 
68% and 79 vs. 77%, respectively). This trial showed 
that staging laparotomy could be omitted in certain 
subsets of patients, provided STNI was given instead 
of mantle field RT. Together with data from the H1 
trial, a new set of clinical prognostic factors could be 
derived that identified groups of patients with a more 

favorable and unfavorable prognosis. This gave the 
opportunity to develop treatment regimens tailored to 
these prognostic factors, with the aim to minimize 
treatment intensity as much as possible in the favor-
able subgroups to spare them from unnecessary treat-
ment toxicity.

In the next EORTC trial (H5F), patients with favor-
able characteristics (age £40 years; ESR £70  mm/h; 
clinical stage I or stage II without mediastinal involve-
ment; and lymphocyte predominant or nodular scleros-
ing histology) underwent staging laparotomy [16, 19]. 
The laparotomy was used to select a group of patients 
with a good prognosis for whom RT alone might be 
sufficient. Patients (n = 198) with negative laparotomy 
remained in the favorable group and were randomized 
between mantle field RT and STNI. At 9-years follow-
up there was no significant difference in disease-free 
survival and overall survival between the two treat-
ment arms (69 vs. 70% and 94 vs. 91%, respectively). 
This trial showed that favorable patients with negative 
staging laparotomy could safely be treated with rela-
tively limited RT alone.

The EORTC H6F trial investigated whether staging 
laparotomy was mandatory for the identification of the 
subset of patients that could be treated by STNI and 
splenic irradiation alone [20]. The favorable subgroup 
was characterized by clinical stages I or II with a maxi-
mum of two involved areas and no bulky mediastinum 
and ESR £50 mm/h if no B-symptoms present or £ 30 
mm/h in case of B-symptoms. These patients (n = 262) 
were randomized between clinical staging plus STNI 
(mantle, spleen, and para-aortic RT) and staging laparo-
tomy plus treatment adaptation. If the laparotomy was 
negative, patients with lymphocyte predominant or nod-
ular sclerosing subtypes were treated with mantle field 
RT, and patients with mixed cellularity or lymphocyte 
depleted histology received mantle field and para-aortic 
RT (STNI). Again, no significant differences between 
the two treatment arms were found in this trial in dis-
ease-free survival and overall survival at 6-year follow-
up (80 vs. 84% and 93 vs. 89%, respectively).

Taken together, these four randomized trials demon-
strated that staging laparotomy could be safely omitted 
in patients with favorable clinical characteristics in early 
favorable HL and that these patients could be treated by 
STNI (40 Gy) with a similar outcome as obtained by 
staging laparotomy followed by mantle field RT (40 Gy). 
Another important finding was that the overall outcome 
had gradually improved over the years (Fig. 10.1).
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The total radiation dose in these EORTC trials was 
always 40 Gy. The HD4 trial of the GHSG tested the 
hypothesis that dose reduction from 40 to 30 Gy in the 
extended field would be possible without a clinically 
relevant increase in the recurrence rate [21]. All patients 
(n = 376) with pathologically staged stage I or II without 
adverse prognostic factors received 40  Gy radiation 
dose to the involved field, but were randomly assigned 
to receive either 40 or 30 Gy to the noninvolved extended 
field. The 7-year relapse-free and overall survival rates 
did not differ (78 vs. 83% and 91 vs. 96%, respectively). 
Hence, 30 Gy seems a sufficient dose for treating sub-
clinical involvement of HL with RT alone.

Radiation in mantle field technique can potentially 
cause less long-term toxicity compared with STNI. 
However, in clinically staged patients, results with man-
tle irradiation alone have been disappointing. In the 
EORTC H7-VF and H8-VF trials, 40 female patients 
were treated with mantle field RT only. The respective 
prognostic factors were stage IA, aged <40 years, nodu-
lar sclerosing or lymphocyte predominant histology, 
and ESR <50 mm/h. These patients were expected to 
have a very low risk of occult abdominal involvement 
(5%). The relapse-free survival was however lower than 
expected: a total of 23% had relapsed at 6 years [22]. 
Because of this unacceptable rate, the very favorable 
subgroup has since been treated according to the 
EORTC strategy for the favorable subgroup.

Specht et al. reported on the influence of radiation 
field size on long-term outcome in early stage disease 
in a meta-analysis of eight randomized trials evaluating 
larger vs. smaller radiation fields [23]. These trials 
included almost 2,000 patients with both favorable and 
unfavorable prognosis stage I–II disease. A definite and 
substantial reduction in the risk of treatment failure 
was demonstrated if more extensive radiotherapy was 

used. The 10-year risk of recurrence was 43% for 
patients treated with smaller-field irradiation compared 
to 31% for those treated with larger-field radiation ther-
apy. The size of reduction in risk for failure in patients 
with different stages of disease, with and without 
B-symptoms, of different ages and staged with and 
without laparotomy was remarkably similar. Although 
the additional radiotherapy prevented a substantial pro-
portion of recurrences, it did not significantly affect 
overall mortality. The lack of survival difference sug-
gests that salvage chemotherapy for relapse after initial 
radiotherapy is effective enough to minimize the impact 
of any increase in relapse on survival.

To summarize, STNI was considered standard treat-
ment for early favorable HL until the 1990s. However, 
25–30% of patients eventually relapsed with subse-
quent 10-year survival rates of only 63% [24].

10.4 � Late Treatment Effects  
and Mortality

As the number of patients surviving HL increased and 
there was longer follow-up, it became evident that their 
life expectancy did not revert completely to that of the 
age-matched general population. The higher mortality 
of HL patients is largely a result of the long-term 
effects of treatment. Important late effects comprise 
secondary malignancies, cardiovascular diseases, pul-
monary problems, gonadal dysfunction, infectious 
complications, and fatigue. The incidence of the most 
life-threatening late side effects, i.e., secondary can-
cers and cardiovascular diseases, is significantly related 
to the radiation dose and field size, choice of cytostatic 
drugs, and total amount of drugs administered.

In patients with early favorable disease, mortality 
from causes other than HL has increased over time, 
exceeding HL-related mortality after 10–15 years [25, 
26]. A large study with a median follow-up of more than 
17 years examined case-specific mortality and absolute 
excess mortality, compared to population rates, in a cohort 
of 1,261 Dutch patients [25]. These patients were younger 
than 40 years when treated between 1965 and 1987. HL 
was the most frequent cause of death (55%), followed by 
secondary malignancies (22%) and cardiovascular dis-
eases (9%). In the first 10 years following initial treat-
ment, the excess mortality rate is largely due to the 
primary disease, while after 10 years causes other than 
HL contribute most to excess mortality. The actuarial risk 
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Fig. 10.1  Disease-free survival and overall survival in consecu-
tive EORTC Lymphoma Group trials on early-stage favorable 
Hodgkin lymphoma (HL). DFS disease-free survival; OS overall 
survival
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of death is shown in Fig.  10.2. Even after 30 years of 
follow-up, there was no evidence of a decline in the rela-
tive risk of death from causes other than HL. In 30-year 
survivors, the annual excess mortality rate from all causes 
other than HL was nearly 3 per 100 patients. Solid tumors, 
especially in the digestive and respiratory tract, contrib-
uted most to this excess risk, followed by cardiovascular 
diseases [25]. Recently, the EORTC and the GELA pub-
lished their results of a study analyzing the cause-specific 
excess mortality in adult patients with respect to treat-
ment modality [27]. The study population consisted of 
4,401 patients aged 15–69 in all stages, who were treated 
between 1964 and 2000. In patients with early stage dis-
ease, the overall excess mortality was associated with age 
³40 years (p = 0.007), male gender (p < 0.001), unfavor-
able prognostic features (p < 0.001), treatment with EBVP 
(epirubicin, bleomycin, vinblastine, prednisone) plus 
IFRT (p = 0.002), and mantle field irradiation alone 
(p = 0.003). Therefore, excess mortality was linked to 
treatment modalities that were associated with poor fail-
ure-free survival resulting in a higher need for salvage 
treatment. Late treatment effects are covered in more 
detail in Chaps. 22, 23, 24, and 25.

10.5 � Combined Modality  
Treatment

With the observation of high relapse rates and fatal 
long-term effects, most study groups abandoned STNI 
and EFRT from the treatment of early stage HL. 

Studies were developed in an attempt to reduce long-
term toxicity without increasing disease-specific mor-
tality. Most randomized studies evaluated CMT in an 
attempt to define the optimal chemotherapy, number of 
cycles needed, as well as radiation field size and  
dose when combined with chemotherapy. Commonly 
used regimen and drug combinations are listed in 
Table 10.3.

10.5.1 � Radiotherapy Alone vs. CMT

The high relapse rates after treatment with radiotherapy 
alone prompted several groups to study CMT as induction 
therapy. An earlier meta-analysis of individual patient 
data showed that CMT reduced the relapse risk compared 
with radiotherapy alone, but did not improve overall sur-
vival [23]. Most of the trials included in this analysis were 
conducted between 1967 and 1988 using MOPP or 
MOPP-like regimens, which produced unacceptable 
hematologic toxicity, frequently induced secondary 
malignancies, and rendered most recipients infertile. 
These studies were therefore only of historical interest 
and will not be discussed further. Later, based mainly on 
results of studies in advanced HL, the ABVD regimen 
became the standard of care in early favorable HL. When 
compared with MOPP, ABVD had a better efficacy and 
produced less toxicity [28]. In particular, secondary leu-
kemias and infertility are less frequently observed than 
after alkylating-agent-containing regimens.

Two randomized studies, one in Europe and one in 
the United States, showed the benefit of adjuvant 
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Fig. 10.2  The actuarial risks of death from major disease cat-
egories in 1,261 Dutch HL patients. Data from Dutch database 
on Hodgkin lymphoma (reprinted from [25] with permission)

Regimen Drug combinations

ABVD Doxorubicin, vinblastine, bleomycin, 
dacarbazine

EBVP Epirubicin, bleomycin, vinblastine, 
prednisone

MOPP Mechlorethamine, vincristine, 
procarbazine, prednisone

MOPP/ABV Mechlorethamine, vincristine, 
procarbazine, prednisone, doxorubi-
cin, bleomycin, vinblastine

Stanford V Vinblastine, doxorubicin, vincristine, 
bleomycin, mechlorethamine, 
etoposide, prednisone

VBM Vinblastine, methotrexate, bleomycine

Table  10.3  Chemotherapy regimens used in early-stage 
favorable HL
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chemotherapy with a short course of ABVD or ABVD-
like chemotherapy in early favorable patients: GHSG 
HD7 trial compared EFRT alone with CMT consisting 
of two cycles ABVD followed by EFRT in 650 early 
favorable patients [12]. A significant advantage in 
freedom from treatment failure (FFTF) was seen after 
CMT, mainly related to fewer relapses as compared 
with EFRT only (3 vs. 22%). There were no differ-
ences in overall survival between treatment arms. 
Importantly, with a median follow-up of 87 months, 
CMT was not associated with significantly more acute 
or long-term toxicity. The US trial included more than 
300 patients and confirmed the benefit of adjuvant 
radiotherapy given after a short course of limited che-
motherapy in clinically staged IA and IIA patients 
[29]. The study showed that three cycles of doxorubi-
cin and vinblastine (AV) followed by STNI were well 
tolerated and gave a superior failure-free survival com-
pared with STNI alone. The conclusion from these two 
studies is that the number of relapses can be reduced 
by the addition of ABVD or ABVD-like chemotherapy 
to large radiation fields. However, these extensive radi-
ation fields can cause severe late side effects.

In a small randomized US trial, the VBM regimen 
was combined with mantle field radiotherapy and pro-
duced comparable results to STNI in clinically favor-
able stage I–II patients [30]. However, VBM was later 
abandoned due to concern of pulmonary toxicity. The 
Group Pierre-et-Marie-Curie showed that it was pos-
sible to replace the classic mantle field irradiation by a 
more limited radiotherapy to initially involved areas 
only. This novel approach termed IFRT involved the 
addition of chemotherapy to control occult disease in 
uninvolved areas [31]. IFRT reduced the irradiation of 
normal tissues, such as breast, heart, and lungs.

Therefore, several groups performed randomized 
trials comparing STNI with a combined modality 
approach in which patients received smaller radiation 
fields and combination chemotherapy. The results of a 
selection of some of the largest trials are listed in 
Table 10.4.

In the EORTC H7F trial in 333 patients with early 
favorable disease, six cycles of EBVP were followed 
by IFRT and randomly compared with STNI [32]. 
EBVP was assumed to be potentially less toxic but 
similarly effective compared to ABVD. There were 
significantly more treatment failures in the STNI arm, 
especially in non-irradiated lower abdominal and extra-
nodal areas. EBVP combined with IFRT proved to be 

effective in these favorable patients; the 10-year event-
free survival rate after EBVP and IFRT was 10% better 
than after STNI alone, whereas overall survival was 
92% in both arms. This trial demonstrated that EFRT 
could be replaced by CMT including IFRT. However, 
in early unfavorable patients, EBVP was significantly 
less efficient than MOPP/ABV [32]. Randomized 
comparisons of EBVP and ABVD have not been 
performed.

In the subsequent H8F trial by the EORTC-GELA, 
more than 500 favorable HL patients were randomized 
between STNI or CMT consisting of three cycles of 
MOPP/ABV hybrid followed by IFRT [11]. Patients in 
the CMT arm had a lower relapse rate, which resulted 
in a significantly higher event-free survival rate than 
for patients in the STNI arm (93 vs. 68% at 10 years). 
Importantly, patients in the combined modality arm 
also had a significantly higher overall survival than 
patients in the STNI arm (97 vs. 92% at 10 years) (see 
Fig. 10.3). The results of this study again demonstrated 
the superiority of CMT over EFRT alone and showed 
that IFRT is a sufficient treatment after chemotherapy 
for early favorable HL. However, due to its carcino-
genic potential MOPP/ABV was abandoned in favor 
of ABVD. Therefore, this trial cannot be used to draw 
firm conclusions regarding the number of cycles of 
ABVD required as part of CMT.

10.5.2 � Optimal Number of Cycles  
of Chemotherapy

The use of fewer cycles of ABVD could potentially 
reduce late side effects of combined-modality therapy. 
Between 1998 and 2003, the GHSG HD10 trial accrued 
more than 1,300 favorable prognosis stage I–II HL 
patients. Patients were randomized to four arms in a 
2 × 2 factorial design: two cycles of ABVD followed 
by 30  Gy IFRT; two cycles of ABVD followed by 
20 Gy IFRT; four cycles of ABVD followed by 30 Gy 
IFRT; and four cycles of ABVD followed by 20  Gy 
IFRT. This trial tested a possible reduction in the num-
ber of ABVD cycles as well as reduction of radiation 
dose when using IFRT. The final analysis of this trial 
was presented at the 2009 American Society of 
Hematology Congress: with a median follow-up of 
79–91 months, there were no significant differences in 
FFTF and overall survival between four or two cycles 
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of ABVD. In addition, there was also no difference 
between 30 and 20 Gy IFRT [33]. Importantly, there 
was also no significant difference in terms of overall 
survival, FFTF, and progression-free survival when all 
four arms were compared. The treatment arms with 
four cycles of ABVD and 30 Gy IFRT showed signifi-
cantly more acute toxicity in comparison with two 
cycles of ABVD and 20 Gy IFRT. Two cycles of ABVD 
followed by 20 Gy IFRT is thus the new GHSG stan-
dard of care for HL patients in early favorable stages.

10.5.3 � Optimal Chemotherapy 
Combination

Reduction of chemotherapy-induced toxicity is being 
pursued in the ongoing GHSG HD13 trial. This trial 
investigated whether drugs can be omitted from the 
ABVD regimen and randomized patients with early 
favorable HL to two cycles of either ABVD, AVD, ABV, 
or AV with all arms followed by 30 Gy IFRT. After the 
preliminary analysis in 2006, the ABV and AV arms 
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Fig. 10.3  Kaplan–Meier estimates of event-free 
and overall survival among 542 patients with a 
favorable prognosis in the EORTC/GELA H8F 
trial. At 10 years, event-free survival was 93% in 
the group that received MOPP-ABV-IFRT and 
68% in the STNI group (p < 0.001) (a), and 
overall survival was 97 and 92%, respectively 
(p = 0.001) (b). (reprinted from [11] with 
permission)
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were closed due to increased number of events (relapses 
and progressions). Therefore, it seems that dacarbazine 
is an important therapeutic agent in ABVD that cannot 
be deleted. Accrual for the ABVD and AVD arms were 
continued, exploring the role of bleomycin in the ABVD 
regimen (Engert 2009, personal communication).

The 12-week chemotherapy program, Stanford V, 
including radiotherapy to bulky lymphoma sites, is 
highly effective in locally extensive and advanced HL 
with 5-year freedom from progression of 89% and 
5-year overall survival of 96% [34]. This regimen com-
bines vinblastine, doxorubicin, vincristine, bleomycin, 
mechlorethamine, etoposide, and prednisone. A modi-
fied 8-week version, in which mechlorethamine was 
replaced by cyclophosphamide and the radiotherapy dose 
reduced to 20–30 Gy, is currently under study in phase II 
for stage I or IIA non-bulky HL in the United States.

10.5.4 � Optimal Radiation Dose

Apart from the choice of cytostatic agents and the number 
of courses, the question of radiation field size and dose 
has also been evaluated (for a selection of randomized tri-
als, see Table 10.5). A decline in late complications is 
expected with lower radiation doses as their incidence 
is correlated with the amount of radiation given.

Two randomized trials have investigated radiation 
doses in early favorable HL patients treated with CMT. 
In the EORTC/GELA H9F trial, 783 patients with 
stage I–II disease and favorable characteristics received 
six cycles of EBVP. Patients in complete remission 
after chemotherapy were randomized to receive stan-
dard dose IFRT (36 Gy), low-dose IFRT (20 Gy), or no 
RT at all. This trial thus evaluated the role of IFRT and 
potential differences in the radiation dose delivered. 
The experimental arm without RT was closed early 
due to an excess failure rate compared with the two RT 
arms: only 70% event-free survival at 4 years for the 
non-RT arm vs. 84 and 87% for the 20 and 36 Gy IFRT 
arms, respectively [35]. Therefore, it can be concluded 
that in favorable patients who achieve a complete 
remission after six cycles of EBVP, omission of IFRT 
leads to an unacceptable failure rate. Although no dif-
ferences in outcome were reported between the two 
radiation dose levels, follow-up is too short to draw 
definite conclusions, including those on late effects.

As discussed in Sect. 10.5.2, the GHSG HD10 trial 
compared doses of 30 and 20 Gy IFRT after two or four 
cycles of ABVD. No significant differences were 
observed between patients receiving 30 Gy IFRT and 
20  Gy IFRT in terms of overall survival (97.6 vs. 
97.5%), FFTF (93.4 vs. 92.9%) and progression-free 
survival (93.7 vs. 93.2%), respectively [33]. Therefore, 
IFRT with a dose of 20 Gy seems to be sufficient after 
two cycles of ABVD.

10.5.5 � Optimal Radiation Field Size

The rationale for reduced radiation therapy field size is 
to further improve the therapeutic ratio. Smaller radia-
tion fields should also lead to a decrease in late compli-
cations such as cardiovascular and secondary cancers 
as the amount of irradiated normal tissue was reduced. 
Several randomized trials in early unfavorable HL 
have shown that after effective chemotherapy, IFRT is 
as effective as EFRT in terms of overall survival and 
FFTF [11, 36]. However, data from randomized trials 
in patients with early favorable HL are scarce.

Bonadonna et al. reported the long-term follow-up 
of 133 patients with early HL randomly assigned to 
IFRT or STNI after four cycles of ABVD and found no 
significant differences in overall survival (94 vs. 96%) 
or freedom from progression (94 vs. 93%) at 12 years 
[37] (see Table 10.5). The limited size of the patient 
sample, however, had no adequate statistical power to 
test for non-inferiority of IFRT vs. STNI.

Is it possible to further reduce the field size beyond 
IFRT? Based on the observation that in patients treated 
with chemotherapy alone, recurrences typically occur in 
sites of initial nodal involvement, the EORTC-GELA 
group introduced the concept of involved-node radio-
therapy (INRT) [38, 39]. INRT only includes the initially 
involved lymph nodes with a small isotropic margin. 
Identifying and contouring involved lymph nodes is of 
outmost importance. Therefore, it is recommended that 
all patients have cervical and thoracic CT scans pre- and 
post-chemotherapy, preferably in the treatment position, 
and must be examined by the radiation oncologist before 
start of the chemotherapy [38, 40]. Better sparing of nor-
mal tissues such as salivary glands, heart, coronary arter-
ies, and breast in female patients, is expected with the 
use of INRT compared to IFRT (Fig.  10.4). The new 
INRT concept is applied in the current EORTC-GELA 
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Fig.  10.4  Comparison between radiation field sizes and the volume of heart irradiation using either IFRT (a and b) or INRT  
(c and d) for a mediastinal tumor mass (PTV in red color). (reprinted from [38] with permission)

H10 randomized trial for patients with early stage HL 
(see Fig. 10.5 for the trial design).

Canadian researchers reported promising results 
with INRT in a retrospective study, although the defini-
tion of INRT was not exactly the same as that of the 
EORTC-GELA Group and a greater radiation margin 
was applied [41]. In British Columbia, patients with 
limited stage HL, defined as stage IA or IIA with tumor 
bulk less than 10 cm are treated according to province-
wide guidelines consisting of combined chemotherapy 
and radiation therapy. The extent of the radiation ther-
apy field size underwent serial changes during the last 
decades, from EFRT to IFRT and eventually since 
2001 to INRT with margins from 1.5 to 5 cm. There 

were no statistically significant differences among the 
three groups for progression-free survival and over-
all survival. There were also no marginal recurrences 
in the INRT patient group [41]. Clearly, the exact 
definition of INRT is still in evolution and requires fur-
ther investigation prior to its incorporation into routine 
practice.

10.6 � Chemotherapy Alone

The potentially life-threatening late side effects of 
radiotherapy for HL patients have raised the question 
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whether those in early stage disease can be treated with 
chemotherapy alone. This question is particularly rel-
evant for patients in whom the risk of RT-induced tox-
icity is deemed less acceptable. Chemotherapy-only 
protocols have been successfully used in children and 
adolescents (see Chap. 15 on pediatric HL). However, 
few data exist on their role in adults. Table 10.6 shows 
a selection of randomized trials performed in adult 
patients with early favorable HL dealing with the issue 
of chemotherapy alone. These trials encountered a 
number of problems with design, patient accrual, as 
well as variations in the type of chemotherapy and field 
size of radiation therapy utilized.

The use of chemotherapy alone is not a new con-
cept. Two randomized trials published in the early 
1990s compared MOPP as first-line therapy in early 
stage HL with radiotherapy: a preliminary analysis of 
a small randomized US trial in laparotomy-staged 

patients suggested that MOPP alone was at least as 
effective as radiation in a subset of patients with more 
favorable prognostic features [42]. Another small trial 
from Italy performed in laparotomy-staged early 
favorable and unfavorable patients showed a very low 
overall survival at 8 years after MOPP (56%) com-
pared with 93% in the EFRT arm, whereas freedom 
from progression- and relapse-free survival were simi-
lar in both groups. In contrast to the US study, the res-
cue rate of patients who relapsed after MOPP was 
significantly lower than that observed after radiother-
apy [43]. However, the two studies are not compara-
ble, because of the distinct criteria adopted for the 
selection of patients.

The National Cancer Institute of Canada (NCI-C) 
and the Eastern Cooperative Oncology Group (ECOG) 
conducted a randomized phase III trial addressing the 
role of chemotherapy alone (ABVD) for early favorable 
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and unfavorable HL. Favorable patients had follow-
ing characteristics: age <40 years, ESR <50  mm/h, 
lymphocyte predominant or nodular sclerosing histol-
ogy, no bulky disease, and less than four nodal sites 
involved. The experimental arm consisted of four cycles 
of ABVD alone if a complete remission was achieved 
after two cycles. Otherwise, patients received six 
cycles. The standard arm was STNI with 35 Gy. Among 
the favorable-risk patients, there was no difference 
between the two arms for event-free survival, freedom 
from disease progression, and overall survival after a 
median follow-up of 4.2 years [44]. However, longer 
follow-up is needed to determine late toxicities.

Only two randomized trials comparing CMT with 
chemotherapy alone in early favorable patients have 
been published. As discussed in Sect. 10.5.4, one was 
the EORTC-GELA H9F trial in which IFRT in 36 Gy 
was compared with 20 Gy or no radiotherapy in CR 
patients after six cycles of EBVP. The chemotherapy-
only arm was prematurely closed due to an excessive 
number of relapses [35].

The Memorial Sloan-Kettering Cancer Centre ran-
domized early non-bulky HL patients between six 
cycles of ABVD alone and six cycles of ABVD plus 
36 Gy radiotherapy. Of the 76 patients randomized to 
radiotherapy, 11 received IFRT; the rest received mod-
ified EFRT. Due to the poor accrual rate, the trial was 
closed before completion and only 152 patients were 
randomized. No significant differences were observed 
between CMT and chemotherapy alone, but the sample 
size was insufficient [45].

From the abovementioned trials, it can be concluded 
that no published data are available on randomized trials 
testing the question of treatment with ABVD alone in 
comparison with the current standard treatment of 
ABVD plus IFRT in adult favorable early stage patients. 
Therefore, in these patients the use of chemotherapy 
alone outside of a clinical trial should be reserved for 
the few patients with contraindications to radiation 
therapy or those that refuse radiation therapy.

10.7 � Treatment Adaptation  
Based on PET Scan Response

PET is becoming an important tool for staging and 
response assessment in HL (see Chap. 6). Functional 
imaging with FDG-PET enables evaluation of early 

metabolic changes rather than the morphologic changes 
occurring later during treatment. Several studies using 
PET after two or three cycles of ABVD have shown 
that early metabolic changes are predictive of the final 
treatment response and progression-free survival  
[5, 46–48]. Most studies with early interim PET were 
performed in patients with advanced stages. A nega-
tive interim PET has been associated with an event-
free survival of 90% and higher, whereas a positive 
interim PET has been associated with event-free sur-
vival of only 0–13%. The negative predictive value of 
interim PET in HL is high with 94–100% rates reported 
on relatively short follow-up. However, the positive 
predictive value of interim PET has varied from 61 to 
100% [49]. This understanding has led to the use of 
PET scanning for early treatment response assessment 
as surrogate test of chemosensitivity. Given that a sub-
stantial fraction of patients with early favorable HL 
might currently be overtreated, there is potential ben-
efit in identifying patients who might be eligible for 
less intensive treatment. However, reduction of treat-
ment based on negative interim PET has not been 
proven safe yet. Likewise, no data exist to support the 
hypothesis that intensification of therapy based on a 
positive interim PET improves the clinical outcome.

Several large randomized controlled trials have 
incorporated PET response-adapted therapy into their 
designs. Three ongoing trials currently investigate the 
effect of reducing treatment intensity by omitting radio-
therapy for patients with negative interim PET. Moreover, 
in one of these trials the treatment is intensified in 
patients with a positive interim PET. The ongoing NCRI 
Lymphoma Group RAPID trial in the UK treats all 
patients with early HL with three ABVD cycles, fol-
lowed by PET restaging. PET negative patients are ran-
domized between 30 Gy IFRT or no radiotherapy, while 
PET positive patients receive a fourth ABVD cycle fol-
lowed by IFRT. The GHSG HD16 trial in early favor-
able patients compares 20 Gy IFRT after two cycles of 
ABVD with no further treatment. All PET positive 
patients will receive 20 Gy IFRT. The ongoing EORTC/
GELA/ILL (Intergruppo Italiano dei Linfomi) H10F 
trial is comparing a standard arm consisting of three 
cycles of ABVD followed by INRT with an experimen-
tal arm in which treatment is guided by early PET 
(see Fig. 10.5). Those with a negative PET after two 
cycles of ABVD receive another two cycles of ABVD 
and no radiotherapy. In contrast, patients with posi-
tive PET after two cycles of ABVD receive treatment 
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intensification with two cycles of BEACOPP escalated 
followed by INRT.

Although the prognostic value of PET is established 
for HL patients, the results of these trials must be 
awaited before interim PET scan results can safely be 
used for treatment adaptation.

10.8 � Recommendations  
and Future Directions

In most parts of the world, CMT strategies including 
two to three cycles of ABVD followed by 20–30 Gy 
IFRT is the current standard treatment for patients with 
early favorable HL. With this approach, FFTF rates of 
more than 90% and an overall survival of nearly 95% 
are reached. HL-related death is unusual and mortality 
is mainly due to late toxicity. Even strategies that pro-
vide very high freedom from recurrence may not be 
optimal, since, depending on the strategy used, treat-
ment-related mortality at 10–20 years may exceed HL 
mortality in this low risk group. Therefore, choice of a 
given strategy must not only be judged by the tumor 
control, but also weighed against acute and chronic 
morbidities. In this respect, new criteria such as quality 
of life are also becoming more important [50].

Over the last decades, several strategies have 
attempted to reduce late complications in HL patients 
by giving less chemotherapy or radiotherapy. It should 
be realized that most long-term results are not known 
yet. Therefore, it remains to be seen which strategy 
provides the best balance between treatment efficacy 
and toxicity. At present, the goal in early favorable HL 
is to maintain the excellent efficacy with as little com-
plications as possible. One of the key questions in early 
favorable HL is which patients might be safely treated 
with chemotherapy alone. Risk-adapted and response-
adapted approaches based on results of interim PET 
are being evaluated. As this is a relatively new focus, 
the optimal strategy is probably not yet defined [51].

In summary, it is clear that HL is the ultimate type 
of malignancy in which the consecutive improvement 
in outcome was achieved by carefully planned subse-
quent prospective phase III randomized clinical trials 
performed by the various lymphoma groups through-
out the world. The challenge for the next decade is to 
focus on targeted treatment, thereby preventing early 
and late toxicities due to damage of normal tissues by 

the cytostatic agents and radiation employed. In this 
respect, a variety of new developments in the treat-
ment arena are currently recognized, among others 
targeting the microenvironment in HL, developing 
and testing new antibodies which specifically target 
Reed–Sternberg cells, and exploring a number of 
small molecules interfering with specific signal path-
ways that maintain the proliferation of Hodgkin cells, 
etc. These and future strategies are all based on better 
insight into the molecular pathology of HL. Further 
intensification of translational research is therefore of 
utmost importance, to provide our patients with 
patient-tailored treatment leading to the highest pos-
sible cure rates and at the same time preventing major 
toxic side effects.

References

  1.	Carbone PP, Kaplan HS, Musshoff K, Smithers DW, Tubiana M. 
Report of the committee on Hodgkin’s disease staging clas-
sification. Cancer Res. 1971;31:1860–1.

  2.	Lister TA, Crowther D, Sutcliffe SB, Glatstein E, Canellos 
GP, Young RC, et  al. Report of a committee convened to 
discuss the evaluation and staging of patients with Hodgkin’s 
disease: Cotswolds meeting. J Clin Oncol. 1989;7: 
1630–6.

  3.	Munker R, Hasenclever D, Brosteanu O, Hiller E, Diehl V; 
German Hodgkin’s Lymphoma Study Group. Bone marrow 
involvement in Hodgkin’s disease: an analysis of 135 con-
secutive cases. J Clin Oncol. 1995;13:403–9.

  4.	Hutchings M, Eigtved AI, Specht L. FDG-PET in the clini-
cal management of HL. Crit Rev Oncol Hematol. 2004;52: 
19–32.

  5.	Hutchings M, Loft A, Hansen M, Pedersen LM, Berthelsen 
AK, Keiding S, et al. Position emission tomography with or 
without computed tomography in the primary staging of 
Hodgkin’s lymphoma. Haematologica. 2006;91:482–9.

  6.	Juweid ME (2006) Utility of positron emission tomography 
(PET) scanning in managing patients with HL. Hematology 
Am Soc Hematol Educ Program. 259–65.

  7.	Juweid ME, Stroobants S, Hoekstra OS, Mottaghy FM, 
Dietlein M, Guermazi A, et al. Use of positron emission tomo
graphy for response assessment of lymphoma: consensus of 
the Imaging Subcommittee of International Harmonization 
Project in Lymphoma. J Clin Oncol. 2007;25:571–8.

  8.	Specht L, Nissen NI. Hodgkin’s disease stages I and II  
with infradiaphragmatic presentation: a rare and prognosti-
cally unfavourable combination. Eur J Haematol. 1988;40: 
396–402.

  9.	Specht L. Prognostic factors in Hodgkin’s disease. Semin 
Radiat Oncol. 1996;6:146–61.

10.	Tubiana M, Henry-Amar M, van der Werf-Messing B, Henry J, 
Abbatucci J, Burgers M, et  al. A multivariate analysis of 
prognostic factors in early stage Hodgkin’s disease. Int J 
Radiat Oncol Biol Phys. 1985;11:23–30.



180 E. Lugtenburg and A. Hagenbeek

11.	Fermé C, Eghbali H, Meerwaldt JH, Rieux C, Bosq J, Berger 
F, et al. Chemotherapy plus involved-field radiation in early 
stage Hodgkin’s disease. N Engl J Med. 2007;357: 
1916–27.

12.	Engert A, Franklin J, Eich HT, Brillant C, Sehlen S, Cartoni C, 
et  al. Two cycles of doxorubicin, bleomycin, vinblastine, 
and dacarbazine plus extended-field radiotherapy is superior 
to radiotherapy alone in early favorable Hodgkin’s lym-
phoma: final results of the GHSG HD7 trial. J Clin Oncol. 
2007;25:3495–502.

13.	Hoppe RT, Coleman CN, Cox RS, Rosenberg SA, Kaplan 
HS. The management of stage I–II Hodgkin’s disease with 
irradiation alone or combined modality therapy: the Stanford 
experience. Blood. 1982;59:455–65.

14.	Gospodarowicz MK, Sutcliffe SB, Clark RM, Dembo AJ, 
Fitzpatrick PJ, Munro AJ, et al. Analysis of supradiaphragmatic 
clinical stage I and II Hodgkin’s disease treated with radiation 
alone. Int J Radiat Oncol Biol Phys. 1992;22:859–65.

15.	Raemaekers J, Kluin-Nelemans H, Teodorovic I, Meerwaldt C, 
Noordijk E, Thomas J, et al. The achievements of the EORTC 
Lymphoma Group. European Organisation for Research and 
Treatment of Cancer. Eur J Cancer. 2002;38 Suppl 4: 
S107–13.

16.	Tubiana M, Henry-Amar M, Carde P, Burgers JM, Hayat M, 
Van der Schueren E, et al. Toward comprehensive manage-
ment tailored to prognostic factors of patients with clinical 
stages I and II in Hodgkin’s disease. The EORTC Lymphoma 
Group controlled clinical trials: 1964-1987. Blood. 1989;73: 
47–56.

17.	Tubiana M, Henry-Amar M, Hayat M, Breur K, van der 
Werf-Messing B, Burgers M. Long-term results of the 
E.O.R.T.C. randomized study of irradiation and vinblastine 
in clinical stages I and II of Hodgkin’s disease. Eur J Cancer. 
1979;15:645–57.

18.	Tubiana M, Hayat M, Henry-Amar M, Breur K, van der 
Werf MB, Burgers M. Five-year results of the E.O.R.T.C. 
randomized study of splenectomy and spleen irradiation in 
clinical stages I and II of Hodgkin’s disease. Eur J Cancer. 
1981;17:355–63.

19.	Carde P, Burgers JM, Henry-Amar M, Hayat M, Sizoo W, 
Van der Schueren E, et al. Clinical stages I and II Hodgkin’s 
disease: a specifically tailored therapy according to prognos-
tic factors. J Clin Oncol. 1988;6:239–52.

20.	Carde P, Hagenbeek A, Hayat M, Monconduit M, Thomas J, 
Burgers MJ, et  al. Clinical staging versus laparotomy and 
combined modality with MOPP versus ABVD in early stage 
Hodgkin’s disease: the H6 twin randomized trials from the 
European Organization for Research and Treatment of 
Cancer Lymphoma Cooperative Group. J Clin Oncol. 1993; 
11:2258–72.

21.	Dühmke E, Franklin J, Pfreundschuh M, Sehlen S, Willich N, 
Ruhl U, et al. Low-dose radiation is sufficient for the nonin-
volved extended-field treatment in favorable early stage 
Hodgkin’s disease: long-term results of a randomized trial of 
radiotherapy alone. J Clin Oncol. 2001;19:2905–14.

22.	Noordijk EM, Carde P, Hagenbeek A, Mandard AM, Kluin-
Nelemans JC, Thomas J, et al. Combination of radiotherapy 
and chemotherapy is advisable in all patients with clinical 
stage I-II Hodgkin’s disease six-year results of the EORTC-
GPMC controlled clinical trials H7-VF, H7-F and H7-U. Int 
J Radiat Oncol Biol Phys. 1997;39:173.

23.	Specht L, Gray RG, Clarke MJ, Peto R; International 
Hodgkin’s Disease Collaborative Group. Influence of more 
extensive radiotherapy and adjuvant chemotherapy on long-
term outcome of early stage Hodgkin’s disease: a meta-anal-
ysis of 23 randomized trials involving 3,888 patients. J Clin 
Oncol 1998;16:830–43.

24.	Horwich A, Specht L, Ashley S. Survival analysis of patients 
with clinical stages I or II Hodgkin’s disease who have 
relapsed after initial treatment with radiotherapy alone. Eur 
J Cancer. 1997;33:848–53.

25.	Aleman BM, van den Belt-Dusebout AW, Klokman WJ, 
Van’t Veer MB, Bartelink H, van Leeuwen FE. Long-term 
cause-specific mortality of patients treated for Hodgkin’s 
disease. J Clin Oncol. 2003;21:3431–9.

26.	Ng AK, Bernardo MP, Weller E, Backstrand KH, Silver B, 
Marcus KC, et al. Long-term survival and competing causes 
of death in patients with early stage Hodgkin’s disease 
treated at age 50 or younger. J Clin Oncol. 2002;20:2101–8.

27.	Favier O, Heutte N, Stamatoullas-Bastard A, Carde P, Van’t 
Veer MB, Aleman BM, et al. Survival after HL: causes of 
death and excess mortality in patients treated in 8 consecu-
tive trials. Cancer. 2009;115:1680–91.

28.	Canellos GP, Anderson JR, Propert KJ, Nissen N, Cooper 
MR, Henderson ES, et  al. Chemotherapy of advanced 
Hodgkin’s disease with MOPP, ABVD, or MOPP alternat-
ing with ABVD. N Engl J Med. 1992;327:1478–84.

29.	Press OW, LeBlanc M, Lichter AS, Grogan TM, Unger JM, 
Wasserman TH, et al. Phase III randomized intergroup trial 
of subtotal lymphoid irradiation versus doxorubicin, vin-
blastine, and subtotal lymphoid irradiation for stage IA to 
IIA Hodgkin’s disease. J Clin Oncol. 2001;19:4238–44.

30.	Horning SJ, Hoppe RT, Mason J, Brown BW, Hancock SL, 
Baer D, et  al. Stanford-Kaiser Permanente G1 study for 
clinical stage I to IIA Hodgkin’s disease: subtotal lymphoid 
irradiation versus vinblastine, methotrexate, and bleomycin 
chemotherapy and regional irradiation. J Clin Oncol. 1997; 
15:1736–44.

31.	Zittoun R, Audebert A, Hoerni B, Bernadou A, Krulik M, 
Rojouan J, et al. Extended versus involved fields irradiation 
combined with MOPP chemotherapy in early clinical stages 
of Hodgkin’s disease. J Clin Oncol. 1985;3:207–14.

32.	Noordijk EM, Carde P, Dupouy N, Hagenbeek A, Krol AD, 
Kluin-Nelemans JC, et  al. Combined-modality therapy for 
clinical stage I or II Hodgkin’s lymphoma: long-term results 
of the European Organisation for Research and Treatment of 
Cancer H7 randomized controlled trials. J Clin Oncol. 
2006;24:3128–35.

33.	Engert A, Diehl V, Pluetschow A, Eich H, Herrmann R, 
Doerken B, et al. Two cycles of ABVD followed by involved 
field radiotherapy with 20 Gray (Gy) is the new standard of 
care in the treatment of patients with early stage HL: Final 
analysis of the randomized German Hodgkin Study Group 
(GHSG) HD10. Blood. 2009;114:716.

34.	Horning SJ, Hoppe RT, Breslin S, Bartlett NL, Brown BW, 
Rosenberg SA. Stanford V and radiotherapy for locally 
extensive and advanced Hodgkin’s disease: mature results of 
a prospective clinical trial. J Clin Oncol. 2002;20:630–7.

35.	Noordijk E, Thomas J, Ferme C, van’t Veer M, Brice P, 
Divine M, et  al. First results of the EORTC-GELA H9 
randomized trials: the H9-F trial (comparing 3 radiation 
dose levels) and the H9-U trial (comparing 3 chemotherapy 



18110  Treatment of Early Favorable Hodgkin Lymphoma

schemes) in patients with favorable or unfavorable early 
stage Hodgkin’s lymphoma (HL). J Clin Oncol. 2005; 
23:6505.

36.	Engert A, Schiller P, Josting A, Herrmann R, Koch P, Sieber 
M, et al. Involved-field radiotherapy is equally effective and 
less toxic compared with extended-field radiotherapy after 
four cycles of chemotherapy in patients with early stage 
unfavorable Hodgkin’s lymphoma: results of the HD8 trial 
of the German Hodgkin’s Lymphoma Study Group. J Clin 
Oncol. 2003;21:3601–8.

37.	Bonadonna G, Bonfante V, Viviani S, Di Russo A, Villani F, 
Valagussa P. ABVD plus subtotal nodal versus involved-
field radiotherapy in early stage Hodgkin’s disease: long-
term results. J Clin Oncol. 2004;22:2835–41.

38.	Girinsky T, van der Maazen R, Specht L, Aleman B, 
Poortmans P, Lievens Y, et  al. Involved-node radiotherapy 
(INRT) in patients with early HL: concepts and guidelines. 
Radiother Oncol. 2006;79:270–7.

39.	Shahidi M, Kamangari N, Ashley S, Cunningham D, 
Horwich A. Site of relapse after chemotherapy alone for 
stage I and II Hodgkin’s disease. Radiother Oncol. 2006; 
78:1–5.

40.	Girinsky T, Specht L, Ghalibafian M, Edeline V, Bonniaud G, 
Van Der Maazen R, et al. The conundrum of HL nodes: to be 
or not to be included in the involved node radiation fields. 
The EORTC-GELA lymphoma group guidelines. Radiother 
Oncol. 2008;88:202–10.

41.	Campbell BA, Voss N, Pickles T, Morris J, Gascoyne RD, 
Savage KJ, et al. Involved-nodal radiation therapy as a com-
ponent of combination therapy for limited-stage Hodgkin’s 
lymphoma: a question of field size. J Clin Oncol. 2008; 
26:5170–4.

42.	Longo DL, Glatstein E, Duffey PL, Young RC, Hubbard 
SM, Urba WJ, et al. Radiation therapy versus combination 
chemotherapy in the treatment of early stage Hodgkin’s dis-
ease: seven-year results of a prospective randomized trial.  
J Clin Oncol. 1991;9:906–17.

43.	Biti GP, Cimino G, Cartoni C, Magrini SM, Anselmo AP, 
Enrici RM, et al. Extended-field radiotherapy is superior to 
MOPP chemotherapy for the treatment of pathologic stage 

I-IIA Hodgkin’s disease: eight-year update of an Italian 
prospective randomized study. J Clin Oncol. 1992;10: 
378–82.

44.	Meyer RM, Gospodarowicz MK, Connors JM, Pearcey RG, 
Bezjak A, Wells WA, et  al. Randomized comparison of 
ABVD chemotherapy with a strategy that includes radiation 
therapy in patients with limited-stage Hodgkin’s lymphoma: 
National Cancer Institute of Canada Clinical Trials Group 
and the Eastern Cooperative Oncology Group. J Clin Oncol. 
2005;23:4634–42.

45.	Straus DJ, Portlock CS, Qin J, Myers J, Zelenetz AD, 
Moskowitz C, et  al. Results of a prospective randomized 
clinical trial of doxorubicin, bleomycin, vinblastine, and 
dacarbazine (ABVD) followed by radiation therapy (RT) 
versus ABVD alone for stages I, II, and IIIA nonbulky 
Hodgkin disease. Blood. 2004;104:3483–9.

46.	Gallamini A, Hutchings M, Rigacci L, Specht L, Merli F, 
Hansen M, et  al. Early interim 2-[18F]fluoro-2-deoxy-D-
glucose positron emission tomography is prognostically 
superior to international prognostic score in advanced-stage 
Hodgkin’s lymphoma: a report from a joint Italian-Danish 
study. J Clin Oncol. 2007;25:3746–52.

47.	Hutchings M, Mikhaeel NG, Fields PA, Nunan T, Timothy 
AR. Prognostic value of interim FDG-PET after two or three 
cycles of chemotherapy in HL. Ann Oncol. 2005;16: 
1160–8.

48.	Hutchings M, Loft A, Hansen M, Pedersen LM, Buhl T, 
Jurlander J, et al. FDG-PET after two cycles of chemother-
apy predicts treatment failure and progression-free survival 
in HL. Blood. 2006;107:52–9.

49.	Kasamon YL, Wahl RL. FDG PET and risk-adapted therapy 
in Hodgkin’s and non-Hodgkin’s lymphoma. Curr Opin 
Oncol. 2008;20:206–19.

50.	Heutte N, Flechtner HH, Mounier N, Mellink WA, Meerwaldt 
JH, Eghbali H, et  al. Quality of life after successful treat-
ment of early stage Hodgkin’s lymphoma: 10-year follow-
up of the EORTC-GELA H8 randomised controlled trial. 
Lancet Oncol. 2009;10:1160–70.

51.	Brepoels L, Stroobants S. PET scanning and prognosis in 
Hodgkin’s lymphoma. Curr Opin Oncol. 2008;20:509–16.



183A. Engert and S.J. Horning (eds.), Hodgkin Lymphoma,�  
DOI: 10.1007/978-3-642-12780-9_11, © Springer-Verlag Berlin Heidelberg 2011

11.1 � Why Early Unfavorable?

The Ann Arbor staging system with the Cotswolds mod-
ifications [1] is still being used worldwide in the staging 
of patients with HL. In the past, patients with limited 
stage I/II disease were treated with extended field radio-
therapy (RT) whereas those with more advanced stages 
III or IV received multi-agent chemotherapy. Up to the 
nineties of the twentieth century, staging laparotomy 
was performed to more reliably identify patients with 
disease truly limited to one side of the diaphragm. The 
successful introduction of chemotherapy in advanced 
stages, its potential to eradicate occult disease, relapse 
rates of up to 30% after extended field RT alone, and 
the increasing awareness of serious long-term toxicity 
after extended field RT promoted the development of 
combined modality treatment approaches. Combined 
modality has the evident advantage of combining two 
efficacious treatment modalities. It is given as combina-
tion of a fixed number of chemotherapy cycles followed 
by a certain dose and extent of RT. As a result, the extent 
of both RT as well as chemotherapy could be reduced in 
the combined treatment design as compared to adminis-
tering single treatment modalities. However, even in 
stages I/II, the extent of disease varies substantially 
requiring a risk-adapted treatment. In many early-stage 
patients, mediastinal bulky disease is present, which 
has been demonstrated as prognostically unfavorable. 
Other poor prognostic clinical factors include higher 
age, increased number of involved nodes, and elevated 
erythrocyte sedimentation rate (ESR), accompanied by 
B-symptoms. Though slight differences in definition 
exist between major cooperative groups, CS I/II HL 
patients in Europe are generally divided into an early 
favorable and an early unfavorable (intermediate) sub-
group. In contrast, patients in North America presenting 
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with adverse factors (mainly the presence of bulky dis-
ease) are treated like stage III–IV disease and are not 
included in clinical trials for CS I/II disease. At present, 
progression-free survival rates of 85–90% are common 
for patients with unfavorable CS I/II disease treated with 
a combined modality approach.

11.2 � Prognostic Factors

The factors used by the European Organisation for 
Research and Treatment of Cancer (EORTC) Lymphoma 
Group, the German Hodgkin Study Group (GHSG), the 
National Cancer Institute of Canada (NCIC), and the 
Eastern Cooperative Oncology group (ECOG) are 
shown in Table 11.1 [1, 2]. We have to bear in mind that 
these risk factors and the resulting prognostic groups 
were originally defined in the context of treatment 
with extended field RT. In a combined modality set-
ting the differences in prognosis between favorable 
and unfavorable disease are likely to be smaller. 
Moreover, in more recent series the treatment had 
already been tailored according to the prognostic 
groups. Thus, one would have anticipated that these 
prognostic factors today have less independent prog-
nostic significance. However, there is one large recent 
randomized trial that included a joint experimental 
treatment arm for both favorable and unfavorable 
subgroups, thus possibly reflecting the current impact 
of predictive factors. In this trial, EORTC H7 [3], the 
unfavorable subset of patients was randomized 
between six cycles of EBVP (epirubicin, bleomycin, 

vinblastine, prednisone), a combination presumed to be 
less toxic and equally effective to ABVD [4], and six 
cycles of MOPP/ABV (mechlorethamine, vincristine, 
procarbazine, prednisone, adriamycin, bleomycin, vin-
blastine, and dacarbazine), both followed by 30–36 Gy 
involved field RT (IF-RT). After a median follow-up of 
9 years, patients treated with EBVP had a significantly 
higher rate of tumor progression and relapse than those 
treated with MOPP/ABV resulting in a significantly 
inferior 10-year event-free survival (EFS) of 68 vs. 88% 
(p < 0.001). The favorable subset of patients was ran-
domized between six cycles of EBVP followed by IF-RT 
and subtotal nodal irradiation (STNI), considered stan-
dard treatment at the time of initiation of the trial. Those 
treated with EBVP had a superior 10-year EFS com-
pared to patients treated with STNI alone: 88 vs. 78% 
(p = 0.01). While the less toxic EBVP regimen produced 
superior results in the favorable subset of patients, the 
poor results in the unfavorable patients reflect the neces-
sity for a more potent and intense treatment for this sub-
group. Thus, the clinical relevance of the prognostic 
factors appeared to be maintained. Indirect evidence for 
the impact of discriminating between favorable and 
unfavorable early stages can be found in two other trials 
including patients with adverse prognostic factors, 
though differently defined. In a trial performed by the 
Grupo Argentino de Tratamiento de la Leucemia Aguda 
(GATLA), the less intense AOPE (adriamycin, vincris-
tine, prednisone, and etoposide) proved inferior to CVPP 
(cyclophosphamide, vincristine, procarbazine, predni-
sone) [5]. The Southwestern Oncology Group trial 9051 
tested a less toxic combination of etoposide, vinblastine, 
and adriamycin (EVA) followed by STNI and found an 

EORTC GHSG NCIC/ECOG

Risk factors (a) Large mediastinal mass
(b) Age ³50 years
(c) �ESR ³50 without B-symptoms  

or ³30 with B-symptoms
(d) ³4 nodal areas

(a) Large mediastinal mass
(b) Extranodal disease
(c) �ESR ³50 without B-symptoms  

or ³30 with B-symptoms
(d) ³3 nodal areas

(a) �Histology other  
than LP/NS

(b) Age ³40 years
(c) ESR ³50
(d) ³4 nodal areas

Favorable CS I–II (supradiaphragmatic)  
without risk factors

CS I–II without risk factors CS I–II without risk factors

Unfavorable CS I–II (supradiaphragmatic)  
with ³1 risk factors

CS I or CS IIA  
with ³1 risk factors
CS IIB with (c) or (d) but  
without (a) and (b)

CS I–II with ³ risk factors

Table 11.1  Definition of favorable and unfavorable (intermediate) early stage Hodgkin lymphoma

EORTC European Organisation for Research and Treatment of Cancer; GHSG German Hodgkin Study Group; NCIC National 
Cancer Institute of Canada; ECOG Eastern Cooperative Oncology group; ESR erythrocyte sedimentation rate; LP lymphocyte pre-
dominance; NS nodular sclerosis; CS clinical stage
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unacceptably high relapse rate mainly in non-irradiated 
areas indicating the inferiority of the chemotherapy [6].

11.3 � Chemotherapy Regimens

After the initial Bonadonna report on ABVD [7] and 
the randomized trial on ABVD vs. MOPP vs. MOPP/
ABVD in advanced disease [8], the NCIC/ECOG 
Intergroup trial on ABVD vs. MOPP/ABV hybrid set 
the stage for ABVD as standard chemotherapy due to 
equal efficacy but less toxicity as compared with 
MOPP/ABV [9]. In an attempt to reduce toxicity even 
further, the GOELAMS (Groupe Ouest-Est d’Étude 
des Leucémies et Autres Maladies du Sang) included 
both early favorable and unfavorable patients in their 
H90-NM study [10]. A total of 386 patients were ran-
domized between ABVDm (ABVD plus methylpred-
nisolone) and the potentially less toxic EBVMm, 
followed by extended field RT in responding patients. 
The ABVDm arm proved to be superior to the EBVMm 
treatment in terms of complete remission rates and 
FFS. Very similar to the conclusions of the EORTC H7 
trial, these results highlight the need for sufficiently 
effective chemotherapy. Notwithstanding concerns on 
toxicity of chemotherapy and a reluctance to apply 
more intense treatment in CS I/II disease, one could 
argue that a 10–15% failure rate in the unfavorable sub-
set of patients is too high and warrants improvement. In 
this respect, the trials summarized in Table  11.2 are 

important. Both the EORTC H9U and the GHSG 
HD11 studies failed to show a significant PFS advan-
tage for more intensive treatment comparing four 
cycles of BEACOPP baseline with four cycles of con-
ventional ABVD [11, 12]. The GHSG follow-up trial 
for early unfavorable patients, HD14, compared four 
cycles of ABVD with two cycles of BEACOPP esca-
lated followed by two cycles of ABVD (“2 + 2”). The 
decision for this combination was in part based on the 
higher effective dose (ED) model calculations [6, 13]. 
Here, four cycles of ABVD given over 16 weeks have 
an ED of 15 as compared with 15.2 for four cycles of 
BEACOPP baseline given over 12 weeks. In contrast, 
the “2 + 2” variant has an ED of 17.3. In both treatment 
arms of the HD14 study, additional IF-RT with 30 Gy 
was given. The third pre-planned interim analysis of 
this trial demonstrated a significantly better PFS for 
the more intensive “2 + 2” arm: PFS at 3 years was 
97% with “2 + 2” treatment compared with 91% after 
ABVD (p < 0.0017) [14]. While an absolute improve-
ment in PFS of only 6% appears rather modest at first 
glance and one can argue about clinical relevance, the 
results show that even an upfront intensification with 
only two cycles of BEACOPP escalated indeed improves 
outcome in this group of patients. It corroborates the 
claim for a start of treatment with the most effective 
regimen to prevent the development of early chemore-
sistance, but it remains to be seen whether this gain in 
PFS outbalances the putative increased toxicity, e.g., 
infertility and secondary malignancies. Similar con-
siderations should also be applied in appreciating 

ref reference; PFS progression-free survival; OS overall survival; EORTC European Organisation for Research and Treatment  
of Cancer; GELA Groupe d’Etude des Lymphomes de l’Adulte; EFS event-free survival; IF-RT involved field radiotherapy; n.s. 
statistically not significant; GHSG German Hodgkin Study Group

Trial (ref) Treatment Number of 
patients included

PFS (years) OS (years) Remarks

EORTC/GELA  
H9U [12]

ABVDx6 + IF-RT 30–36 Gy
ABVDx4 + IF-RT 30–36 Gy
BEACOPPx4 + IF-RT 30–36 Gy

276
277
255

91% (4)
87% (4)
90% (4)

95% (4)
94% (4)
93% (4)

Not final analysis
EFS instead of PFS
n.s.

GHSG HD11 [11] ABVDx4 + IF-RT 30 Gy
ABVDx4 + IF-RT 20 Gy
BEACOPPx4 + IF-RT 30 Gy
BEACOPPx4 + IF-RT 20 Gy

356
347
341
351

87% (5)
82% (5)
88% (5)
87% (5)

94% (5)
94% (5)
95% (5)
95% (5)

Final analysis
n.s.

GHSG HD14 [14] ABVDx4 + IF-RT 30 Gy
BEACOPPesc.x2 + ABVD 
x2 + IF-RT 30 Gy

91% (3)
96% (3)

p < 0.01

Intergroup USA ABVDx6 + IF-RT 36 Gy
Stanford V + IF-RT 36 Gy

Ongoing

Table 11.2  Randomized clinical trials in unfavorable CS I/II disease on ABVD vs. alternative chemotherapy regimens
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whether the 12-week intense chemotherapy regimen 
Stanford V, with its mainly alkylating-agent-induced 
toxicity, can improve treatment outcome as compared 
with ABVD. This question is being addressed in the 
ongoing US Intergroup study. Based on current data, 
ABVD still appears to be the standard chemotherapy. 
However, the more intense BEACOPP escalated based 
“2 × 2” design reports superior PFS suggesting that is 
indeed possible to improve efficacy in this group of 
patients.

11.4 � Number of Cycles  
of Chemotherapy

Only a few randomized trials have addressed the issue 
of number of cycles required. These studies show that 
four cycles of conventional chemotherapy are suffi-
cient in a combined modality setting. In the EORTC/
GELA H8U study, MOPP/ABV hybrid was used as 
standard chemotherapy regimen; four or six cycles fol-
lowed by IF-RT were compared [15]. The EFS at 7 
years did not differ significantly with rates of 86 and 
84%, respectively. In the more recent EORTC/GELA 
H9U trial, 533 patients were randomized between four 

and six cycles of ABVD followed by IF-RT [12]. The 
interim analysis showed an EFS of 87 and 91% at 4 
years, which was not significantly different. While 
some cooperative groups consider early unfavorable 
CS I/II disease as advanced stage and treat accordingly 
with six cycles of chemotherapy, a number of four 
cycles in a combined modality setting is currently con-
sidered standard treatment.

11.5 � Extent and Dose of RT

A number of randomized trials focused on the compari-
son of extended- and IF-RT in combined modality 
approaches (Table 11.3) [16, 17]. The important gen-
eral conclusion from these trials was that extended field 
RT was not needed in combined modality treatment and 
was associated with more long-term adverse effects. 
Thus, IF-RT became standard of care in this setting.

In the era of extended field RT as single modality, 
the standard dose of RT was 36 Gy, often followed by 
a boost of 4–6  Gy to residual disease and/or initial 
bulky sites. When combined with chemotherapy, both, 
the field size and the RT dose could be reduced. In the 
GHSG HD11 trial, four cycles of ABVD or four cycles 

ref reference; PFS progression-free survival; OS overall survival; GHSG German Hodgkin Study Group; EF-RT extended field 
radiotherapy; IF-RT involved field radiotherapy; n.s. statistically not significant; EORTC European Organisation for Research and 
Treatment of Cancer; GELA Groupe d’Etudes des Lymphomes de l’Adulte; STNI subtotal nodal irradiation; EFS event-free 
survival

Trial (ref) Treatment Number of 
patients included

PFS (years) OS (years) Remarks

Extent of RT

GHSG HD8 [16] COPP/ABVDx2 + EF-RT 30–40 Gy
COPP/ABVDx2 + IF-RT 30–40 Gy

532
532

85% (5)
84% (5)

90% (5)
92% (5)

n.s.

Milan [27] ABVDx4 + EF-RT
ABVDx4 + IF-RT

65
68

96%
93%

100%
96%

n.s.

EORTC/GELA  
H8U [15]

MOPP/ABVx6 + IF-RT 36–40 Gy
MOPP/ABVx4 + IF-RT 36–40 Gy
MOPP/ABVx4 + STNI 36–40 Gy

336
333
327

84% (7)
86% (7)
86% (7)

89% (7)
90% (7)
90% (7)

EFS instead of PFS
n.s.

Anselmo et al. [17] ABVDx4 + EF-RT
ABVDx4 + IF-RT

102
107

94% (5)
91% (5)

97% (5)
96% (5)

n.s.

Dose of RT

GHSG HD11 [11] ABVDx4 + IF-RT 30 Gy
ABVDx4 + IF-RT 20 Gy
BEACOPPx4 + IF-RT 30 Gy
BEACOPPx4 + IF-RT 20 Gy

343
339
332
337

88% (5)
83% (5)
89% (5)
89% (5)

95% (5)
95% (5)
96% (5)
97% (5)

Final analysis
PFS p = 0.03, OS n.s.

Table 11.3  Randomized trials on extent and dose of RT, combined with ABVD(-like) chemotherapy
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of BEACOPP baseline were followed by IF-RT, either 
a 30 or 20 Gy dose. The final analysis showed no sig-
nificant difference in PFS between the 30 and 20 Gy 
treatment arms for those patients receiving BEACOPP 
baseline. In contrast, those treated with four cycles of 
ABVD and 20 Gy IF-RT had a poorer tumor control as 
compared to those receiving 30 Gy IF-RT (p = 0.048) 
[11]. In the EORTC/GELA H9F trial randomizing 
between a dose of 36 and 20 Gy of IF-RT after EBVP 
chemotherapy, no differences in PFS were seen in the 
interim analysis, but this trial included only favorable 
stage I/II disease [12]. Thus the dose of IF-RT needed 
in the combined modality treatment of early unfavor-
able HL depends on the efficacy of the preceding 
chemotherapy.

11.6 � Chemotherapy Alone

Several randomized trials performed in patients with 
advanced stages indicated that RT can be omitted with-
out compromising outcome, providing a robust CR 
was achieved with six to eight cycles of chemotherapy 
such as MOP/BAP, MOPP/ABV hybrid, or BEACOPP 

escalated [18, 19]. Positron emission tomography 
(PET) holds the promise of predicting more accurately 
which remission is robust and if residual masses will 
benefit from additional RT [20]. Conflicting data came 
out of a study from India [21]. Here, six cycles of 
ABVD were followed for patients in CR by IF-RT or 
no RT in a randomized fashion. Though patients who 
received RT had a significantly better PFS than those 
who did not, this study included many early stages, 
pediatric patients, and used suboptimal imaging meth-
ods. These data suggest that after an adequate number 
of cycles of effective chemotherapy and good response, 
additional RT will not further improve the outcome in 
patients with advanced stage disease. The question 
therefore arose whether RT can also be omitted in unfa-
vorable early stages. Table 11.4 summarizes the results 
of the most relevant trials, all having their limitations. 
In the GATLA study [22], a nonstandard chemotherapy 
was used; other studies included pediatric patients or all 
stages of disease, used divergent definitions of unfavor-
able prognostic features, or had not enough statistical 
power to detect clinically significant differences in PFS 
between RT and non-RT arms. The NCIC/ECOG study 
on early stages is probably the most relevant at present 
though bulky disease as unfavorable prognostic factor 

Trial (ref) Treatment Number of 
patients 
included

PFS (years) OS Remarks

GATLA [22] CVPPx3 + IF-RT 
30 Gy + CVPPx3
CVPPx6

44
66

75% (7)
34% (7)

84%
66%

PFS p = 0.001; OS n.s.

Aviles [28] ABVDx6 + IF-RT 30 Gy
ABVDx6

76% (11)
48% (11)

88%
59%

PFS and OS p < 0.01; only  
bulky IA and IIA

CCG children [29] COPP/ABVx4-6 + IF-RT 21 Gy
COPP/ABVx4-6 (only CR 
randomized for RT or no RT)

501 93% (3)
85% (3)

n.s. PFS p = 0.02; all stages  
(68% CS I/II); only children

Tata Memorial 
Hospital [21]

ABVDx6 + IF-RT 30Gy
ABVDx6 (only CR randomized 
for RT or no RT)

179 88% (8)
76% (8)

100%
89%

PFS p = 0.01; OS p = 0.002; all 
stages (55% CS I/II) and children 
(50%) included

MSKCC [30] ABVDx6 + IF-RT or EF-RT
ABVDx6

76
76

86% (5)
81% (5)

97%
90%

n.s.; non-bulky CS IB, IIB, IIIA; 
only powered for differences 
in PFS >20%

NCIC/ECOG [23] ABVDx2 + STNI 35 Gy
ABVDx4-6 no RT

139
137

95% (5)
88% (5)

92% (5)
95% (5)

PFS p = 0.004
OS n.s.; B-symptoms and bulky 
disease excluded

Table 11.4  Randomized clinical trials in unfavorable CS I/II disease on combined modality treatment vs. chemotherapy alone

ref reference; PFS progression-free survival; OS overall survival; GATLA Gruppo Argentino Tratamiento de la Leucemia Aguda; 
IF-RT involved field radiotherapy; n.s. statistically not significant; CCG Children’s Cancer study Group; MSKCC Memorial Sloan 
Kettering Cancer Center; EF-RT extended field radiotherapy; NCIC National Cancer Institute of Canada; ECOG Eastern Cooperative 
Oncology Group; STNI subtotal nodal irradiation



188 J.M.M. Raemaekers and A. Engert

was an exclusion criterion for entry into the study: this 
study failed to show a survival benefit for adding RT to 
ABVD in the early unfavorable cohort of patients, not-
withstanding a significant advantage in PFS for those 
who received the outdated large-field RT [23]. Thus, 
the question on the role of RT in early unfavorable 
stages disease cannot yet be answered unequivocally. 
Until there is generally accepted evidence that RT can 
really be omitted in unfavorable stages I/II without 
jeopardizing the long-term outcome, combined modal-
ity treatment remains the preferred treatment approach 
for patients with unfavorable CS I/II disease.

11.7 � Special Situations

11.7.1 � Bulky Mediastinal Tumor

The presence of a bulky mediastinal tumor, defined as 
a mediastinum/thorax ratio of ³0.35, is one of the most 
prominent negative prognostic factors in HL patients 
with CS I/II disease. Some groups treat these patients 
according to protocols for advanced disease. Upon 
treatment, the nodular sclerosing histology is associ-
ated with inherent slow regression particularly of bulky 
mediastinal tumors. When evaluated by conventional 
CT scans, a reliable and reproducible interpretation of 
response after chemotherapy is often difficult. In case 
of post-chemotherapy residual masses with uncertain 
dignity, investigators may easily conclude a partial 
remission and advocate additional RT. That would pos-
sibly not be wrong from a tumor control point of view; 
however, mediastinal radiation fields are typically asso-
ciated with severe adverse long-term effects such as 
secondary malignancies (e.g., breast and bronchus car-
cinoma) and early cardiovascular events (see Chaps. 22 
and 23 for more details). There are no randomized data 
specifically addressing the need for RT in patients with 
bulky mediastinal disease based on modern imaging 
techniques. Although being a single-arm study on a 
fixed combined modality approach, the experience 
with Stanford V chemotherapy followed by IF-RT pro-
vides the most appropriate data in this respect, includ-
ing response evaluation with FDG-PET [24]. Patients 
with a persistent positive FDG-PET scan after Stanford 
V had a significantly higher relapse rate even after 
additional IF-RT when compared to those patients with 

a negative FDG-PET scan post-chemotherapy who also 
received RT as planned.
In future studies, patients who really need additional 
RT and those who will not benefit might be better iden-
tified by FDG-PET-based response evaluation. This 
would hopefully secure optimal tumor control and 
spare subgroups of patients already cured by chemo-
therapy alone from long-term RT-induced toxicity. For 
the time being, however, combined modality treatment 
remains the standard treatment for patients with CS I/
II disease with bulky mediastinal disease.

11.7.2 � Concomitant Disease

For patients who cannot tolerate chemotherapy or for 
whom chemotherapy is contraindicated due to con-
comitant disease, large-field RT at doses of 36–40 Gy 
is still an alternative treatment option. However, 
patients with unfavorable CS I/II disease have a relapse 
rate of more than 40% after RT alone and will probably 
also experience considerable toxicity from large-field 
RT. Thus a balance on an individual basis between 
tumor control and avoidance of serious toxicity has to 
be found.

11.8 � Future

The most important challenge is the identification of 
patients who are adequately treated with ABVD alone, 
those who need combined modality treatment, and 
those who need intensified chemotherapy such as 
BEACOPP escalated. The recent data from the GHSG 
HD14 study show that more intense chemotherapy sig-
nificantly improves tumor control. On the other hand, 
in these patients with localized disease, we also aim at 
minimizing early and late toxicity of treatment. New 
clinical prognostic factors are unlikely to allow for 
selecting patients needing more or less intensive treat-
ment. Biomarkers could become useful but at present 
no individual marker or set of markers has been suf-
ficiently reliable. New functional imaging techniques 
will very likely become valid tools to identify subsets 
of patients requiring different treatment approaches 
early in the course of treatment (see Chap. 7). The 
currently ongoing EORTC/GELA/IIL (Intergruppo 
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Italiano di Linfomi) H10 trial is pivotal in this respect. 
In this trial, the standard combined modality approach 
with four cycles of ABVD followed by involved node 
RT is randomly being compared to an early FDG-PET 
scan directed approach: if the FDG-PET scan is nega-
tive after two cycles of ABVD, treatment continues 
with chemotherapy alone up to a total of six cycles, 
whereas in case of persistent FDG-PET positivity after 
two cycles of ABVD, treatment continues with two 
cycles of BEACOPP escalated followed by involved 
node RT [25].

In the meantime, new RT techniques will further 
evolve and especially the reduction of the involved 
field to the involved node principle in the combined 
modality treatment setting could reduce toxicity while 
maintaining the high efficacy [26] (see Chap. 9). The 
involved node principle has already been incorporated 
in the abovementioned EORTC/GELA/IIL H10 trial 
and will be randomly compared with IF-RT in the 
ongoing GHSG HD17 trial for unfavorable CS I/II 
disease.
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12.1 � From MOPP to MOPP/ 
ABVD to ABVD

Before the introduction of combination chemotherapy, 
more than 95% of patients with advanced HL succumbed 
to their disease within 5 years. Thus, remission rates in 
excess of 50% achieved with MOPP (mechlorethamine, 
vincristine, procarbazine, and prednisone) were a major 
breakthrough in oncology [1, 2]. MOPP was success-
fully introduced almost 40 years ago and used for many 
years for advanced stage disease, resulting in long-term 
remission of nearly 50% [1, 3]. It was then replaced by 
ABVD (adriamycin, bleomycin, vinblastine, and dacar-
bazine), after a series of large multicenter trials had 
investigated ABVD vs. alternating MOPP/ABVD or 
MOPP alone [3–5].

Bonadonna et al. were the first to report on the rel-
evance of ABVD and anthracyclines for the treatment 
of advanced stage HL [3]. Patients were randomly 
assigned to receive either MOPP or MOPP alternated 
monthly with ABVD. All 88 evaluable patients had not 
received chemotherapy and 25 had had a relapse after 
primary irradiation. The complete remission (CR) rate 
with MOPP/ABVD was 88.9%, and with MOPP alone 
74.4%. The 8-year results reported that MOPP/ABVD 
was superior to MOPP in terms of freedom from pro-
gression (FFP) (64.6 vs. 35.9%; p < 0.005), relapse-free 
survival (RFS) (72.6 vs. 45.1%; p < 0.01), and overall 
survival (OS) (83.9 vs. 63.9%; p < 0.06). This study 
impressively showed the benefit of ABVD in terms of 
efficacy when added to MOPP (Table 12.1).

Also ABVD alone when compared to MOPP gave 
superior results, favoring ABVD. Santoro et al investi-
gated 3xMOPP+RT+3xMOPP vs. 3xABVD+RT+3x 
ABVD. In this trial, the 7-year results indicated that 
ABVD was superior to MOPP in terms of FFP (80.8 
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vs. 62.8%; p < 0.002), RFS (87.7 vs. 77.2%; p = 0.06), 
and most importantly OS (77.4 vs. 67.9%; p = 0.03) [5]. 
Another US trial also tested six to eight cycles of ABVD 
against six to eight cycles of MOPP or MOPP alternat-
ing with ABVD for 12 cycles [6]. Of 361 eligible 
patients, 123 received MOPP, 123 received MOPP 
alternating with ABVD, and 115 received ABVD alone. 
The overall response rate was 93%, with a CR rate of 
77%: MOPP 67%, ABVD 82%, and MOPP-ABVD 
83% (p = 0.006 for the comparison of MOPP with the 
other two doxorubicin-containing regimens). The rates 
of failure-free survival at 5 years were 50% for MOPP, 
61% for ABVD, and 65% for MOPP-ABVD. OS at 5 
years was 66% for MOPP, 73% for ABVD, and 75% 
for MOPP-ABVD (p = 0.28 for the comparison of 
MOPP with the doxorubicin regimens). MOPP was 
associated with more severe hematologic toxicity. Since 
ABVD was equally effective and less toxic than MOPP-
ABVD, this trial supported the use of ABVD alone as 
first-line therapy for advanced stage HL.

Finally, a large American intergroup trial (n = 856) 
tested ABVD vs. MOPP/ABV hybrid. The rates of CR 
(76 vs. 80%, p = 0.16), failure-free survival at 5 years 
(63 vs. 66%, p = 0.42), and OS at 5 years (82 vs. 81%, 
p = 0.82) were similar for ABVD and MOPP/ABV, 
respectively [4]. However, clinically significant acute 
pulmonary and hematologic toxicity were more com-
mon with MOPP/ABV (p = 0.06 and 0.001, respec-
tively). More therapy-associated fatal outcomes were 
reported for the hybrid regimen (ABVD = 9, MOPP/
ABV = 15, p = 0.057). Also, secondary malignancies 
occurred more often with MOPP/ABV, without reach-
ing statistical significance. Out of 13 patients develop-
ing MDS or acute leukemia, 11 were initially treated 
with MOPP/ABV, and only two with ABVD. Both 
subsequently received MOPP-containing regimens and 
radiotherapy before developing leukemia (p = 0.011) 
[4]. Therefore, it was concluded from this study that 
ABVD and MOPP/ABV hybrid are equally effective 
therapies for HL, but due to significant less toxicity, 

GHSG German Hodgkin Study Group; RT radiotherapy; FFS failure-free survival; FFP freedom from progression;  EFS event-free 
survival; OS overall survival; FU follow-up; FFTF freedom from treatment failure

Trial and references Publication 
year

Therapy regimen Number 
of patients

Outcome FU and comments

Bonadonna [3] 1986 A. �MOPP/ABVD  
alternating

B. MOPP

43

45

64.6% (FFP); 83.9% (OS)

35.9% (FFP); 63.9% (OS)

FU 8 years

Santoro [5] 1987 A. 3xMOPP-RT-3xMOPP
B. 3xABVD-RT-3xABVD

114
118

62.8% (FFP); 77.4% (OS)
80.8% (FFP); 67.9% (OS)

FU 7 years
(Sub)-total nodal  
irradiation in all  
patients

US Intergroup [4] 2003 A. ABVD (six cycles)
B. �MOPP/ABV hybrid  

(six cycles)

433
419

63% (FFS); 82% (OS)
66% (EFS); 81% (OS)

FU 5 years; MDS  
and sAML only in  
MOPP treated  
patients

Viviani [7] 1996 A. MOPP/ABVD alternating
B. MOPP/ABVD hybrid

211
204

67% (FFP); 74% (OS)
69% (FFP); 72% (OS)

FU 10 years

Connors [8] 1997 A. �MOPP/ABVD hybrid  
(eight cycles)

B. �MOPP/ABVD alternating  
(eight cycles)

Radiotherapy after cycle  
six for PR

252

248

71% (FFS); 81% (OS)

67% (FFS); 83% (OS)

FU 5 years

GHSG HD6 [9] 2003 A. �COPP/ABV/IMEP  
(hybrid 4x)

B. �COPP/ABVD  
(alternating 4x)

223

245

54% (FFTF); 73% (OS)

56% (FFTF); 73% (OS)

FU 7 years

Table 12.1  MOPP/ABVD in randomized trials
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ABVD should be considered the standard regimen for 
treatment of advanced stage HL.

This conclusion is supported by the fact that the 
alkylating agents within the MOPP regimen led to 
more severe toxicity in most studies. The comparative 
iatrogenic morbidity showed that irreversible gonadal 
dysfunction as well as acute leukemia occurred only in 
patients subjected to MOPP [5].

Also, the evaluation of rapidly alternating and non-
cross-resistant regimens was not successful. Alternating 
MOPP/ABVD was tested against the MOPP/ABV 
hybrid regimen, alternating COPP/ABV/IMEP against 
the COPP/ABVD hybrid, and alternating MOPP/
ABVD against the MOPP/ABVD hybrid, all without 
improving patient outcome [7–9].

Taken together, ABVD has become widely accepted 
as the standard regimen for advanced stage HL. A 
major advantage of this regimen is its tolerability. 
ABVD is a safe outpatient treatment without the need 
for close white blood cell monitoring and can be 
administered also in developing countries [10]. One 
has to keep in mind, though, that a long-term follow-
up report of 123 patients treated with ABVD for 
advanced HL revealed a failure-free survival of only 
47% and an OS of 59% after 14.1 years [11]. Since 
40% mortality among young patients suffering from a 
curable malignancy is unacceptably high, many alter-
native approaches have been developed to improve 
these results.

12.2 � Fourth-Generation Regimens

12.2.1  Hybrid and Alternating Regimens

Up-front ABVD has been further tested vs. the Stanford 
V regimen (see below) and the MOPP/EBV/CAD 
schedule in an Italian cooperative study, and vs. alter-
nating or hybrid multidrug regimens such as ChlVPP/
PABlOE and ChlVPP/EVA in a UK study [12, 13].

The Italian cooperative study was a multicenter, pro-
spective, randomized clinical trial investigating two che-
motherapy regimens (i.e., Stanford V: doxorubicin, 
vinblastine, mechlorethamine, vincristine, bleomycin, 
etoposide, and prednisone; and MOPPEBVCAD: 
mechlorethamine, vincristine, procarbazine, prednisone, 
epidoxorubicin, bleomycin, vinblastine, lomustine, 

doxorubicin, and vindesine), which were compared to 
ABVD [12]. Radiotherapy was limited to less than and 
equal to two sites of either previous bulky or partially 
remitting disease. The CR rates for ABVD, Stanford 
V, and MOPPEBVCAD were 89, 76, and 94%, respec-
tively; 5-year failure-free survival and progression-free 
survival (PFS) rates were 78, 54, 81%, and 85, 73, and 
94%, respectively (p < 0.01 for comparison of Stanford 
V with the other two regimens). Corresponding 5-year 
OS rates were 90, 82, and 89% for ABVD, Stanford 
V, and MOPPEBVCAD, respectively. Stanford V was 
more myelotoxic than ABVD but less myelotoxic com-
pared with MOPPEBVCAD. The authors concluded that 
ABVD still is the standard treatment when combined 
with optional, limited irradiation. The reported failure-
free survival for ABVD is high compared to other stud-
ies. This might be in part explained by the fact that stage 
IIB patients without additional risk factors were enrolled 
into this study, resulting in a relatively high percentage 
of good prognosis patients according to the international 
prognostic score (IPS) (35%).

The UK study compared ABVD with two multi-
drug regimens, that is, alternating chlorambucil, vin-
blastine, procarbazine, and prednisolone (ChlVPP) 
with prednisolone, doxorubicin, bleomycin, vincris-
tine, and etoposide (PABIOE), or hybrid ChlVPP/
etoposide, vincristine, and doxorubicin (EVA) [13]. 
Radiotherapy was planned for incomplete response or 
initial bulky disease. At 52 months median follow-up, 
the primary objective EFS at 3 years was 75% (95% 
CI, 71–79%) for ABVD and 75% (95% CI, 70–79%) 
for multidrug regimens (hazard ratio (HR) = 1.05; 95% 
CI, 0.8–1.37). The 3-year OS rates were 90% (95% CI, 
87–93%) in patients allocated to ABVD and 88% 
(95% CI, 84–91%) in patients allocated to multidrug 
regimens (HR = 1.22; 95% CI, 0.84–1.77). Patients 
receiving multidrug regimens experienced more grade 
3/4 side effects including infection, mucositis, and 
neuropathy. To conclude, in the absence of a signifi-
cant difference in EFS or OS between ABVD and mul-
tidrug regimens, ABVD remained the standard 
treatment of advanced HL. It should be mentioned that 
this study reported a better EFS and OS for ABVD 
than other trials. This is explained by the fact that this 
trial included patients with stage I/II disease that had 
systemic symptoms, multiple sites of involvement, or 
bulky disease. Looking at stage III and IV patients 
only, the 5-year EFS and OS was 65 and 82%, respec-
tively, and thus clearly lower.
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Taken together, in both trials hybrid regimens did 
not show any superiority over ABVD. 

The Manchester group followed a different 
approach. They developed the hybrid ChlVPP/EVA to 
enhance the outcome of MOPP [14]. Patients in the 
hybrid arm of this trial had a higher CR rate (68.1 vs. 
55.3%) and a lower failure rate (2.4 vs. 12.5%). With a 
median follow-up period for survivors of 4.5 years 
(range 0–9), actuarial 5-year PFS for all cases was 
80% in the hybrid arm and 66% in the MOPP arm 
(p = 0.005) with a trend towards better OS. ChlVPP/
EVA had, therefore, been adopted as standard first-line 
therapy in this group. This regimen was then tested 
against VAPEC-B, an abbreviated 11-week chemo-
therapy program. After 5 years, event-free survival and 
OS were significantly better with ChlVPP/EVA than 
with VAPEC-B (EFS: 78 vs. 58%; OS: 89 vs. 79%) 
[15]. Later on, ChlVPP/EVA was tested against ABVD 
and did not show superiority, so ABVD remained the 
gold standard [13].

12.2.2 � Stanford V

Stanford V was developed as a short-duration, reduced-
toxicity program, and was applied weekly over 12 
weeks. Consolidating radiotherapy to sites of initial 
disease was employed [16]. Unfortunately, data were 
generated in a single-center setting with a very limited 
number of patients. 142 patients with stage III or IV or 
locally extensive mediastinal stage I or II HL received 
Stanford V chemotherapy for 12 weeks followed by 
36-Gy RT to initial sites of bulky (³5 cm) or macro-
scopic splenic disease. With a median follow-up of 5.4 
years, the 5-year FFP was 89% and the OS was 96%. 
However, FFP was significantly inferior among patients 
with an IPS 3 and higher (94 vs. 75%, p = 0.0001). One 
hundred and twenty nine of 142 patients (91%) received 
additional radiotherapy. A prospectively random-
ized  multicenter comparison of Stanford V with 
MOPPEBVCAD and ABVD showed that this regimen 
was inferior in terms of response rate (76 vs. 89 and 
94%) and PFS (73 vs. 85 and 94%) in a multicenter 
setting [12]. These conflicting results might be par-
tially explained by the use of less radiotherapy in the 
randomized setting and the better treatment quality in 
single-center studies. Furthermore, in a large inter-
group trial including all US cooperative study groups, 

Stanford V was compared to ABVD±RT [17]. In this 
multicenter, prospective, randomized controlled trial, 
weekly alternating Stanford V was compared to the 
standard twice-weekly ABVD regimen. Patients had 
stage IIB, III, or IV disease, or stage I to IIA disease 
with bulky disease or other adverse features. 
Radiotherapy was administered in both arms to sites of 
previous bulk (>5 cm) and to splenic deposits, although 
this was omitted in the latter part of the trial for patients 
achieving CR in the ABVD arm. Five hundred patients 
received protocol treatment, and radiotherapy was 
administered to 73% in the Stanford V arm and to 53% 
in the ABVD arm. The overall response rates after 
completion of all treatment were 91% for Stanford V 
and 92% for ABVD. During a median follow-up of 4.3 
years, there was no difference in the projected 5-year 
PFS and OS rates (76 and 90%, respectively, for 
ABVD; 74 and 92%, respectively, for Stanford V). 
Thus, in this large, randomized trial, Stanford V was 
not superior to standard ABVD when given in combi-
nation with radiotherapy. However, 20% more patients 
had to be irradiated in the Stanford V arm and the 
5-year PFS was about 15% lower than reported in the 
single-center setting. This inferiority in terms of PFS is 
in the magnitude seen in the Intergruppo Italiano 
Linfomi [12]. Finally, a large US intergroup (E2496) 
study comparing Stanford V to ABVD has been fully 
recruited and results will be available soon. To sum-
marize, the compelling single-center phase II data 
could not be confirmed in multicenter randomized tri-
als so far.

12.2.3 � BEACOPP Escalated

The BEACOPP regimen (bleomycin, etoposide, adri-
amycin, cyclophosphamide, vincristine, procarbazine, 
and prednisone) has been introduced by the German 
Hodgkin Study Group (GHSG) in its baseline and 
dose-escalated variants, with a substantial increase of 
dose density and dose intensity compared to ABVD 
and hybrid regimens. Although some indications for a 
role of dose intensity were available in the early 1990s, 
no prospective randomized trial had been undertaken. 
In order to obtain an impression of the shape of the 
essential dose−response characteristic, Hasenclever 
et al. developed a novel statistical model to analyze a 
set of data in which dose variations had been used. The 
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model took tumor growth and chemotherapy effects 
into account and was applied to correlate tumor con-
trol in relation to treatment intensity. It was fitted to 
the data of 706 patients who had received COPP/
ABVD-like regimens and revealed considerable het-
erogeneity in chemosensitivity, but showed a positive 
slope for dose−response relationship. The model was 
used to simulate the effect of dose escalation and 
changes of schedule and architecture of the COPP/
ABVD regimen. On the basis of such simulations the 
model predicted that shortening cycle intervals from 4 
to 3 weeks should lead to small benefits (about 3% in 
5-year tumor control rates), but a moderate average 
dose escalation by 30% of a standard chemotherapy 
would lead to a potential benefit in the range of 
10–15% in tumor control at 5 years. On the basis of 
this theoretical model, the BEACOPP scheme was 
designed. G-CSF was introduced to compensate for 
the myelotoxic effects. In a phase II study, the optimal 
dosage of the BEACOPP baseline and BEACOPP 
escalated regimen were determined [18]. The subse-
quent HD9 trial of the GHSG found the predicted 
dose−response curve to be correct. In this trial, COPP/
ABVD, BEACOPP baseline, and BEACOPP escalated 
were compared. Results from 1,195 randomized 
patients showed a clear superiority of BEACOPP esca-
lated over BEACOPP baseline and COPP/ABVD at 5 
years [19]. The follow-up data at 10 years confirmed 
these results: with a median follow-up of 112 months, 
the FFTF and OS rates were 64 and 75% in the COPP/
ABVD group, 70 and 80% in the BEACOPP baseline 
group, and 82 and 86% in the BEACOPP escalated 
group, respectively [20]. The 10-year update of the 
HD9 study did not only confirm a significant improve-
ment in long-term FFTF and OS for BEACOPP esca-
lated, but also showed that this advantage is particularly 
evident in the subset of intermediate prognosis patients, 
as defined by the IPS (2–3). Importantly, this is the 
largest subset of patients (IPS 0–1: 28%, IPS 2–3: 
38%, IPS 4–7: 13%) [20].

However, toxicity of this more aggressive approach 
remained a concern. The subsequent GHSG HD12 
trial thus aimed at de-escalating chemo- and radiother-
apy by comparing four courses of BEACOPP escalated 
with four courses of escalated and four courses of 
baseline BEACOPP (“4 + 4”) [21]. Furthermore, in the 
HD12 trial, the role of radiotherapy was tested by a 
second randomization between consolidating radia-
tion  to initial bulky and residual disease and no 

radiotherapy. At 5 years, OS was 91%, FFTF 85.5%, 
and PFS 86.2%. However, there was no statistical dif-
ference between 8xBEACOPP escalated and the 4 + 4 
arm in all outcome parameters. There was also no sig-
nificant difference between the RT or no-RT arms in 
this study, with the caveat that a high number of high-
risk patients (~10%) received RT based on the blinded 
panel decision. Since some subgroup analyses in the 
HD12 trial are pending, the GHSG still considers eight 
cycles of BEACOPP escalated as standard of care for 
advanced stage HL patients (Table 12.2).

12.3 � What Is the Standard  
Treatment Today?

ABVD is widely accepted as gold standard for the 
treatment of advanced stage HL. As pointed out above, 
the only long-term follow-up report of 123 patients 
treated with ABVD for advanced HL revealed a fail-
ure-free survival of 47% and an OS of 59% after 14.1 
years [11]. Since supportive care and salvage therapy 
have been improved over the last decades, the outcome 
might be slightly better today; however, in the trials 
reported so far, 5-year progression-free survival is 
between 60 (in most studies) and 75% (in few studies) 
with only about half of the relapsed patients surviving 
[4–6, 12, 13, 17]. Therefore, ABVD is certainly a good 
regimen – but not good enough.

Two different strategies are commonly being used 
today:

1.	 Starting with the less toxic ABVD regimen and 
accepting a RFS of 60–70% at 5 years trying to sal-
vage relapsing patients with high-dose chemother-
apy (HDCT) and autologous stem cell transplantation 
(ASCT) (including substantial toxicities for patients 
undergoing this procedure) [4, 6].

2.	 Starting with the aggressive BEACOPP escalated 
regimen (FFTF at 5 years 87%) in order to cure as 
many patients as possible with the first-line therapy 
accepting an excess of toxicity for those patients 
who could have been cured with a less intensive 
therapy [20]. These opposing treatment strategies 
have been discussed very intensively in the past, 
leading to a series of large international ongoing tri-
als. These will, hopefully, provide evidence in the 
near future regarding which strategy is more benefi-
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cial for the cohort of HL patients in question, short- 
and long-term.

Since so far no mature results of these trials are avail-
able, only an indirect comparison is possible. Taking 
the 5-year relapse rate of about 30–40% for ABVD 
into account, the pivotal question is, obviously, how 
many of these relapsing patients can be rescued. With 
regard to this issue, the results from two randomized 
studies comparing conventional chemotherapy and 
HDCT followed by ASCT are not too encouraging. In 
the BNLI trial, patients were treated with conventional-
dose mini-Beam (carmustine, etoposide, cytarabine, 
and melphalan) or high-dose BEAM with ASCT; the 
actuarial 3-year event-free survival was significantly 
better in patients who received high-dose therapy (53 
vs. 10%), but still rather low [22]. In the HDR1 study 
conducted by the GHSG in cooperation with the 
EBMT, patients were randomly assigned to four 
courses of mini-Beam plus dexamethasone (dexa-
mini-Beam) or two courses of dexa-mini-Beam fol-
lowed by BEAM and ASCT: the final analysis showed 
that FFP was significantly higher in the BEAM + ASCT 
group (55 vs. 34%) [23]. The HDR2 follow-up study 
tried to improve these results by introducing a new 
induction regimen (dexamethasone, high-dose cytara-
bine, and cisplatinum) [24]. With a median follow-up 
of 30 months (range 3–61 months), freedom from sec-
ond failure (FF2F) and OS were 59 and 78% for all 
patients, respectively. FF2F and OS for patients with 
early relapse were 62 and 81%, for late relapse 65 
and  81%; for progressive disease 41 and 48%, 
respectively.

To summarize these data, about a half of all relaps-
ing HL patients might be salvaged by ASCT. With a 
5-year relapse rate of 30–40%, one would expect to 
have an OS of around 80–85% for ABVD. This is 
exactly the number that was found in most prospec-
tively randomized trials [4–6, 13]. Those trials report-
ing a better OS had included early-stage patients [12, 
17]. The corresponding number for BEACOPP esca-
lated is 91%, as confirmed in two large randomized 
studies [19, 21]. Thus, there is strong indirect evidence 
that the number needed to treat (NNT) with BEACOPP 
escalated to safe one life in patients with advanced 
stage HL compared to ABVD is 10–15. Of course, a 
direct comparison delivers a better level of evidence. 
Fortunately, and trials investigating this important 
question are underway.

12.3.1 � ABVD vs. BEACOPP

Three studies have been initiated comparing these two 
approaches in a prospective randomized setting. So far, 
only one trial has undergone final analysis. Immature 
data have been reported for the second, and no data are 
available for the third. The final results of the HD2000 
trial showed a significant superiority of BEACOPP over 
ABVD in terms of FFP but not for OS [25]. At 5 years, 
the FFP rate was 68% for ABVD and 81% for BEACOPP 
(4 escalated + 2 baseline, “4 + 2”); the OS was 84% for 
ABVD and 92% for BEACOPP, respectively. However, 
the lack of significance is likely due to the low power of 
this study that enrolled 307 patients in three different 
treatment arms. In the IIL-GITIL-Michelangelo study, 
ABVD (six to eight courses) or BEACOPP given in 
4 + 4 fashion plus pre-planned high-dose salvage pro-
duced a comparable 3-year outcome [26]. BEACOPP 
up-front showed a superior 3-year FFP (87 vs. 71%, 
p < 0.04). Finally, a large intergroup trial organized by 
the EORTC is currently ongoing (#20012). In this trial, 
ABVD is compared to BEACOPP 4 + 4; results are 
pending (Table 12.3).

To summarize, the difference in FFTF at 3–5 years 
is around 15% resulting in an OS difference of once a 
sufficient median observation time (5 years) is reached. 
Thus, the described indirect evidence of 8% a clini-
cally meaningful superiority of BEACOPP escalated 
over ABVD in terms of OS is strongly supported by 
the existing data set.

12.4 � Outcome Prediction

12.4.1 � The International  
Prognostic Score

Overall, it would be preferable to treat each advanced 
stage patient according to his/her individual risk pro-
file in order to better balance efficacy and toxicity. 
Accordingly, some current concepts also include prog-
nostic factors into the treatment plan by using the IPS 
for risk stratification [27].

The score was derived from 5,141 patients who 
had been treated with a COPP/ABVD-like regimen 
with or without radiotherapy. The end point was FFP 
of disease. Seven factors had similar independent 
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prognostic effects: serum albumin of less than 4 g/dL, 
hemoglobin level of less than 10.5  g/dL, male sex, 
age of 45 years or older, stage IV disease (according 
to the Ann Arbor classification), leukocytosis (white-
cell count of at least 15,000/mm3), and lymphocy-
topenia (lymphocyte count of less than 600/mm3, or 
less than 8% of the white-cell count, or both). The 
IPS is currently being used for a risk-adapted therapy 
in an Israelian phase II study (NCT00392314). 
Patients in good prognostic advanced stages (IPS 
0–2) are treated with ABVD, and patients with an IPS 
³3 receive BEACOPP escalated induction therapy. 
This strategy is supported by the excellent outcome 
of IPS 0–2 patients after ABVD or BEACOPP. 
However, a distinct group of patients at very high risk 
cannot be identified on the basis of routinely docu-
mented demographics and clinical characteristics as 
used in the IPS.

12.4.2 � Positron Emission  
Tomography

The IPS is more and more being challenged by response-
adapted risk evaluation. It has been demonstrated for 
HL patients that response to chemotherapy has an 
impact on the final treatment outcome [28, 29]. However, 

response as measured by computed tomography (CT) 
scan might occur with some delay in advanced HL. This 
is likely due to the fibrotic tissue infiltrating lymph nodes 
in this disease, which often results in residual masses 
remaining several months after therapy, especially in 
cases of bulky disease. For example, in the GHSG HD15 
trial, 311 of 817 patients (38%) showed residual disease 
>2.5  cm as determined by CT after the completion of 
chemotherapy [30]. However, 79% (n = 245) of these 
patients at the same time had a negative FDG-PET scan. 
These patients did not receive any additional radiotherapy 
and, with a rather short median observation time of 18 
months, their outcome was not inferior compared to 
patients reaching a CR after chemotherapy. These data 
indicate, at least, that the biologic response determined 
by FDG-PET is superior to the morphologic response 
in terms of its negative predictive value. PET is dis-
cussed in detail elsewhere in this book (see Chap. 6); 
nevertheless, the work by Gallamini et  al. must be 
mentioned in this context. They were able to show that 
the early PET response (after two cycles of ABVD) 
overshadows the prognostic value of the IPS and thus 
is an important tool for planning risk-adapted treat-
ment in advanced HL [31, 32].

Therefore, current concepts include early response 
evaluation, guided by FDG-PET, into treatment strate-
gies and will hopefully define a new standard of care in 
which each patient receives as much therapy as 
needed.

EORTC European Organisation for Research and Treatment of Cancer; FFP freedom from progression; PFS progression-free 
survival; OS overall survival; FU follow-up

Trial and  
references

Publication 
year

Therapy regimen Numbers  
of patients

Outcome FU and comments

Gruppo Italiano  
per lo Studio dei 
Linfomi [25]

2009 A. ABVD (six cycles)
B. BEACOPP (4 esc + 4 base)
C. COPPEBVCAD (six cycles)

103
102
102

61% (PFS); 84% (OS)
81% (PFS); 92% (OS)
78% (PFS); 91% (OS)

FU 5 years
Significant reduction  
of progressive 
disease in the 
BEACOPP arm

Michelangelo,  
GITIL and IIL 
cooperative  
groups [26]

2008 A. ABVD (six cycles)
B. �BEACOPP  

(4 esc + 4 base)
30 Gy of radiotherapy  
to sites of initial bulky  
disease or of residual mass

166
155

71% (FFP); 91% (OS)
87% (FFP); 90% (OS)

FU 3 years

EORTC 20012 A. ABVD  
(eight cycles)
B. BEACOPP  
(4 esc + 4 base)

550

Table 12.3  ABVD vs. BEACOPP
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12.5 � Current Concepts:  
Response-Adapted Therapy

12.5.1 � De-escalating BEACOPP

The HD15 trial of the GHSG was the first large trial to 
investigate the negative predictive value of PET in 
advanced HL, which was used to guide therapy after 
completion of chemotherapy. Patients were randomized 
between eight courses of BEACOPP escalated, six 
courses of BEACOPP escalated, or eight courses of 
BEACOPP-14 (a time-intensified variant of BEACOPP 
baseline) [33]. As described above, additional radiother-
apy was applied only to residual lesions >2.5 cm positive 
by PET, and a high negative predictive value for progres-
sion or early relapse was found (NPV = 94%). Encouraged 
by these results and by reports from other studies, the 
GHSG decided to test a PET-guided strategy in the cur-
rent HD18 trial [32, 34]. In this study, PET is used to 
assess the early response after two cycles of BEACOPP 
escalated and, in case of negativity, therapy is reduced to 
a total of four cycles (and compared to the standard of 
eight cycles). This is a de-escalating approach based on 
the excellent negative predictive value of PET in HL. 
First results from the Israeli group have recently been 
published and support this approach [35]. Patients with 
advanced stage HL and an IPS ³3 received two initial 
cycles of BEACOPP escalated and were then evaluated 
by PET/CT scan. In case of PET negativity, they were 
treated by four cycles of ABVD. After a median follow-
up of 48 months, PFS and OS at 4 years were 78 and 
95%, respectively. Though the PFS of 78% in this trial 
published by Avigdor et  al. looks disappointing at the 
first glance, this is within the expected range. In the HD9 
trial, FFTF for patients in the unfavorable risk group (IPS 
4–7) was 82% at 5 years. However, looking at the PET 
results, the 4-year PFS for early PET-negative patients 
(n = 31) and early PET-positive patients (n = 13) was 87 
and 53%, respectively (p = 0.01). Though the absolute 
patient number is small, these data suggest that a de-
escalating approach in early PET-negative patients after 
two cycles of BEACOPP escalated might be feasible.

12.5.2 � Escalating ABVD

Several groups follow the alternative approach of esca-
lating treatment in patients not responding to two 

cycles of ABVD as defined by PET positivity. These 
patients have a very poor outcome with ABVD or 
ABVD-like therapy. The 2-year PFS is reported as low 
as 6% [36]. So far, only very preliminary data are 
available from ongoing trials. However, first results of 
the GITIL (Gruppo Italiano Terapie Innovative nei 
Linfomi) trial were published in 2009 [37]. In this trial, 
PET-positive patients receive two cycles of ABVD 
followed by eight cycles of BEACOPP (4 + 4). Out of 
164 enrolled patients, 24 (15%) were PET-2-positive 
and 136 PET-2-negative, respectively. The two cohorts 
of patients were well matched in terms of prognostic 
factors and the IPS ³3 was equally frequent in both 
arms (29 and 28%, p = 0.95). Of the 24 PET-positive 
patients, 15 (62%) were in continuous CR (CCR) after 
BEACOPP and 9 progressed; the mean duration of CR 
for the responding patients was 18 months (11–37). 
127/136 PET-negative patients (93.5%) were in CCR 
after standard ABVD and nine progressed or relapsed. 
The 2-year PFS of PET-positive patients was 56% only 
and 93% for the PET-negative patients, respectively.

These data can be compared with those published 
by Dann et  al. who used two cycles of BEACOPP 
baseline as induction and increased the dose to 
BEACOPP escalated in PET-positive cases. In this 
study, the 5-year PFS was 85% for these high-risk 
patients, accounting for a difference of almost 30% as 
compared to the induction with ABVD. A possible 
explanation for this observation is the longer duration 
(8 vs. 6 weeks for 2x ABVD vs. 2x BEACOPP) and a 
lower dose intensity in the first 2 months, which are 
possibly most relevant for long-term outcome, allow-
ing the Hodgkin and Reed–Sternberg cells to develop 
chemoresistance. This hypothesis was developed many 
years ago and was termed the “Kairos principle,” refer-
ring to the god of the right moment in the ancient 
Greek mythology. Another observation supports this 
hypothesis: the most relevant improvement when using 
BEACOPP escalated occurs in the early treatment 
phase with the reduction of the number of patients suf-
fering from progressive disease compared to ABVD 
(difference around 8%) [25]. However, also other 
cooperative groups are studying the ABVD escalation 
approach and mature results have to be awaited.

The SWOG is currently conducting a study 
(NCT00822120) in which treatment intensification in 
PET-positive patients after two cycles of ABVD using 
six cycles of BEACOPP escalated is being evaluated. 
The design of a cooperative trial including UK-NCRI, 
Italian, and Nordic centers is very similar. In this study, 
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PET-positive patients receive two cycles of ABVD fol-
lowed by four to six cycles of dose dense BACOPP-14 
or four to six cycles of BEACOPP escalated. The IIL 
(Italian Lymphoma Intergroup) increases the chemo-
therapy intensity in case of a positive PET scan after 
two cycles of ABVD using the IGEV regimen (ifosf-
amide, gemcitabine, vinorelbine) followed by HDCT 
and ASCT (NCT00784537). A similar approach in the 
“pre-PET era” randomized patients with unfavorable 
HL (defined as the presence of two poor risk factors 
consisting of high serum LDH, large mediastinal mass, 
greater than one extranodal site, low hematocrit, or 
inguinal involvement) who achieved a CR or PR after 
four courses of ABVD chemotherapy to either ASCT or 
four cycles of conventional chemotherapy [38]. ASCT 
was not superior to conventional dose therapy in terms 
of PFS or OS. However, early PET-positive patients rep-
resent a very poor-prognosis group and might have a 
greater benefit from this very aggressive strategy than a 
patient population selected by two baseline risk factors.

To summarize, the early PET-guided escalation 
approach after ABVD induction is currently being 
investigated in several studies, one of which has been 
presented as interim analysis so far. In this analysis, 
the PFS at 2 years was poor with only 56%. Though 
this is better than in a historical control with patients 
treated with ABVD only, it is much worse than the 
PFS for PET-positive patients after two cycles 
BEACOPP baseline induction, as discussed earlier 
[34, 37]. So far, these data support the Kairos hypoth-
esis, which favors an early escalation and thus an 
aggressive induction therapy. However, more mature 
results of the ongoing trials must consolidate this 
hypothesis before final conclusions can be drawn.

12.6 � The Role of Radiotherapy

The role of consolidating radiotherapy for advanced 
HL depends on the efficacy of the prior chemotherapy. 
After MOPP or MOPP-like regimen, there might be a 
potential advantage of IFRT as detected by a meta-
analysis of 16 randomized studies, whereas this advan-
tage is not evident after ABVD or ABVD-like regimens 
[39, 40]. A randomized EORTC study demonstrated 
that consolidation with IFRT did not improve the out-
come in CR patients after six to eight courses of alter-
nating MOPP and ABV, but potentially improved the 

outcome of PR patients [41]. A randomized GELA 
trial showed that consolidation with IFRT after doxo-
rubicin-induced CR was not superior to two additional 
cycles of chemotherapy [42]. The GHSG HD12 study 
randomized consolidating radiotherapy to residual dis-
ease vs. observation only and showed a noninferiority 
of the observation arm [21]. Unfortunately, the study 
was biased by the central review. Experts in this panel 
were blinded to the randomization result and recom-
mend radiotherapy independent of randomization in 
patients deemed at high risk of relapse without addi-
tional radiotherapy. On the basis of the expert panel 
recommendation almost 10% of patients were irradi-
ated who had originally been randomized to the obser-
vation arm. These patients obviously represent a 
high-risk group which might need consolidative ther-
apy, e.g., IFRT or possibly HDCT + SCT, as has been 
shown also in the HD15 trial, where around 15–20% 
were PET-positive after induction chemotherapy and 
received IFRT. In addition, so far unpublished data 
from the HD12 trial indicate a benefit of radiotherapy 
to residual disease >1.5 cm in terms of PFS.

To conclude, in patients achieving a CR with chemo-
therapy, consolidating radiotherapy does not seem to 
improve the overall results.  However, FDG-PET scan 
might be helpful to identify patients with residual dis-
ease and the need for consolidating therapy [30]. 
Whether or not radiotherapy will suffice to rescue these 
15–20% high-risk patients still needs to be determined.

12.7 � Summary

Advanced stage HL has become a curable disease for 
the majority of patients. First-line treatment with six to 
eight cycles of ABVD is the widely accepted standard. 
However, the more aggressive BEACOPP escalated 
regimen induces a clinically relevant superior PFS, 
which translates into an improved OS in indirect com-
parisons. Ongoing well-designed prospectively ran-
domized studies are currently evaluating these two 
approaches and valid results will be available in the 
near future. It might well be, though, that in the mean-
time the early PET response-adapted design of the lat-
est study generation will render this question obsolete. 
Scientific interest is currently focused on the questions 
whether (1) two cycles of the less toxic regimen ABVD 
should be escalated to the more aggressive BEACOPP 
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schedule in case of PET-2 positivity, or (2) if after an 
aggressive induction therapy with two cycles of 
BEACOPP further treatment can be de-escalated. Both 
approaches promise to find the best balance between 
toxicity and efficacy for the benefit of each individual 
patient. Unfortunately, these different approaches are 
not tested against each other within a single random-
ized trial and, therefore, the current debate on the stan-
dard treatment of advanced stage HL will continue to 
keep us excited.
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13.1 � Introduction

Depending on stage and risk factor profile, up to 95% 
of patients diagnosed with Hodgkin lymphoma (HL) at 
first presentation reach complete remission (CR) after 
the initial standard treatment including radiotherapy, 
combination chemotherapy, or combined modality 
treatment. Patients who relapse after first CR can 
achieve a second CR with salvage treatment including 
radiotherapy for localised relapse in previously non-
irradiated areas, conventional salvage chemotherapy, 
or high-dose chemotherapy (HDCT) followed by stem 
cell transplantation (SCT) [1].

13.2 � Prognostic Factors  
in Relapsed and Refractory 
Hodgkin Lymphoma

The length of remission to first-line chemotherapy has 
a marked effect on the ability of patients to respond to 
subsequent salvage treatment [2]. In 1992, the National 
Cancer Institute (NCI) updated these findings with the 
long-term follow-up of patients who had relapsed after 
polychemotherapy [3]. Derived primarily from investi-
gations involving failures after treatment with mechlo-
rethamine, vincristine, procarbazine, and prednisone 
(MOPP) and its variants, these conclusions were also 
relevant for other chemotherapy regimens. On this 
basis, chemotherapy failures can be divided into three 
subgroups:
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Primary progressive HL – these are patients who •	
never achieved a CR
Early relapse – relapse within 12 months of CR•	
Late relapse – relapse after CR lasting more than  •	
12 months

Virtually no patient with primary progressive disease 
survives more than 8 years when treated with con-
ventional chemotherapy. In contrast, the projected 
20-year survival for patients with early relapse or late 
relapse in earlier studies was 11 and 22%, respec-
tively [3].

13.3 � Primary Progressive  
Hodgkin Lymphoma

Patients with primary progressive disease, defined as 
progression during induction treatment or within 90 
days after the end of treatment, have a particularly 
poor prognosis. Conventional salvage regimens have 
given disappointing results in the vast majority of 
patients: response to salvage treatment is low and the 
duration of response is usually short. The 8-year over-
all survival (OS) ranges between 0 and 8% [3, 4].

The German Hodgkin Study Group (GHSG) retro-
spectively analysed 206 patients with primary pro-
gressive HL to determine outcomes after salvage 
therapy and to identify prognostic factors [5]. The 
5-year freedom from second failure (FF2F) and OS 
for all patients was 17 and 26%. As reported from 
transplant centres, the 5-year FF2F and OS for patients 
treated with HDCT was 42 and 48%, respectively, but 
only 33% of all patients were treated with HDCT. The 
low percentage of patients actually receiving HDCT 
was due to rapidly progressing fatal disease or life-
threatening severe toxicity after salvage therapy. 
Other reasons not to proceed to HDCT were insuf-
ficient stem cell harvest, poor performance status, 
and advanced age. In multivariate analysis, Karnofsky 
performance score at progress (p < 0.0001), age 
(p = 0.019), and attaining at least a temporary remis-
sion to first-line chemotherapy (p = 0.0003) were sig-
nificant prognostic factors for survival. Patients with 
none of these risk factors had a 5-year OS of 55% 
compared with 0% for patients with all three of these 
unfavourable prognostic factors.

13.4 � Prognostic Factors in Relapsed 
Hodgkin Lymphoma

The overall prognosis is bad for patients relapsing after 
first-line chemotherapy when treated with conven-
tional chemotherapy. At present, HDCT followed by 
autologous stem cell transplant (ASCT) is the treat-
ment of choice for patients with relapsed HL after first-
line polychemotherapy. The results reported with 
HDCT in patients with late relapse were better than 
those reported in most series of conventional chemo-
therapy. However, the use of HDCT in late relapses has 
been an area of controversy because patients with late 
relapse have satisfactory second CR rates when treated 
with conventional chemotherapy and OS ranges from 
40 to 55%. As far as randomised clinical trials are con-
cerned, HDR-1 performed by the GHSG showed 
improved FFTF after HDCT compared with conven-
tional chemotherapy in patients with late relapse [6].

Many prognostic factors have been described for 
patients relapsing after first-line chemotherapy. These 
include age, sex, histology, site of relapse, stage at 
relapse, bulky disease, B-symptoms, performance sta-
tus, and extranodal relapse. The impact of these factors 
is difficult to assess due to confounding factors such as 
small numbers of patients and inclusion of primary pro-
gressive HL. In addition, multivariate analyses were 
often not performed [7–9].

Brice et al. reported one of the largest studies evaluat-
ing prognostic factors in relapsed HL. One-hundred and 
eighty-seven patients who relapsed after a first CR were 
included. At first relapse, treatment was conventional 
(chemo- and/or radiotherapy) in 44% and HDCT fol-
lowed by ASCT in 56%. By multivariate analysis, two 
prognostic factors were identified to correlate with both 
FF2F and OS. These factors were the initial duration of 
first remission (i.e. <12 months or >12 months; p < 0.0001) 
and stage at relapse (I–II vs. III–IV; p = 0.0013). FF2F was 
62 and 32%; OS 44 and 87%, respectively, according to 
the presence of zero or two parameters. Laboratory data 
were not available for this retrospective analysis [10].

The GHSG also performed a retrospective analysis 
including 422 relapsed patients. The analysis of prognos-
tic factors suggests that the prognosis of a patient with 
relapsed HL can be estimated according to several risk 
factors. The most relevant factors were combined into a 
prognostic score (Table 13.1). This score included dura-
tion of first remission, stage at relapse, and the presence 
or absence of anaemia at relapse. Early recurrence within 
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3–12 months after the end of primary treatment, relapse 
stage III or IV, and haemoglobin <10.5 g/dL in female or 
<12 g/dL in male patients contributed to a score with val-
ues 0–3 in order of worsening prognosis [11]. This prog-
nostic score allowed to distinguish between different 
prognostic groups. The actuarial 4-year FF2F and OS for 
patients relapsing after chemotherapy with three unfa-
vourable factors was 17 and 27%, respectively. In con-
trast, patients with none of the unfavourable factors had 
FF2F and OS at 4 years of 48 and 83%, respectively. In 
addition, the prognostic score was also predictive for 
other patient groups such as those relapsing after radio-
therapy, for patients relapsing after chemotherapy who 
were treated with conventional treatment or HDCT fol-
lowed by ASCT, and for patients under 60 years having a 
Karnofsky performance status ³90%. These were the 
major candidate groups for dose intensification. This 
prognostic score used clinical characteristics that can be 
easily collected at the time of relapse separating groups 
of patients with clearly different outcomes.

The prognostic factors identified may be useful in tai-
loring treatment for subgroups of patients, defining 
homogenous cohorts for prospective randomised trials, 
and identifying more precisely patients with poor-risk 
relapse who should be treated with innovative approaches.

13.5 � Treatment Strategies

Patients who relapse following radiation therapy only 
for localised HL achieve satisfactory results with 
combination chemotherapy and are not considered 
candidates for HDCT and ASCT. The survival of 
patients relapsing after radiotherapy-treated early-stage 
disease is at least equal to that of advanced-stage patients 
initially treated with chemotherapy. OS and disease-free 
survival (DFS) range from 57 to 71% [12, 13].

Salvage radiotherapy has been used in patients with 
relapsed HL and has resulted in long-term PFS ranging 
between 25 and 35% especially in localised relapse 
without B-symptoms [43, 44]. Conventional salvage 
chemotherapy is now being used to reduce tumour bur-
den prior to HDCT and ASCT. Several regimens have 
been published (Table 13.2). However, so far no ran-
domised trial compared different conventional salvage 
chemotherapy regimens.

HDCT followed by ASCT has been shown to pro-
duce 30–65% long-term DFS in selected patients with 
refractory or relapsed HL [14–17]. In addition, the 
reduction of early transplant-related mortality ranging 
from 10 to 25% in earlier studies to less than 5% in 
more recent studies led to the widespread acceptance 

Table 13.1  Prognostic score in relapsed Hodgkin disease 
evaluated in 422 patients Josting et al. [11]

Factor Groups with 
4-year OS (%) 

Duration of  
first remission

Early relapse vs.
Late relapse

47
73

Stage at relapse Stage III/IV vs.
Stage I/II

46
77

Hemoglobin F < 10.5 g/dl;  
M < 12.0 g/dl
vs.
F > 10.5 g/dl;  
M > 12.0 g/dl

40

72

Table 13.2  Response rates (RR) and treatment related mortality (TRM) of selected conventional salvage chemotherapy regimens 
in patients with relapsed/refractory HL

Regimen n RR (%) 
Overall

 
Relapse

 
Progress

TRM 
(%)

Author

DHAP 102 88 92 65 0 Josting et al, Ann Oncol 2002

IGEV 91 81 93 61 0 Santorro, Ann Oncol 2007

ICE 65 88 n.e. n.e. 2 Moschkowitz, Blood 2001

ASHAP 57 70 85 51 0 Rodriguez, Blood 1999

Dexa-BEAM 55 60 70 52 4 Pfreundschuh, JCO, 1994

Mini-BEAM 44 74 85 52 0 Linch, Lancet 1993

GDP 23 70 n.e. n.e. 0 Baetz, Ann Oncol 1993

ESHAP 22 73 73 0 5 Aparicio, Ann Oncol 1999
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of HDCT and ASCT. Although results of HDCT have 
generally been better than those observed after con-
ventional dose salvage therapy, the validity of these 
results has been questioned due to the lack of ran-
domised trials. The most compelling evidence for the 
superiority of HDCT and ASCT in relapsed HL comes 
from two reports: one was conducted by the British 
National Lymphoma Investigation (BNLI) and the 
other by the GHSG together with the EBMT (European 
Group for Blood and Marrow Transplantation). In the 
BNLI trial, patients with relapsed or refractory HL 
were treated with a combination of carmustine (BCNU), 
etoposide, cytarabine, and melphalan at a conventional-
dose level (mini-BEAM) or a high-dose level (BEAM) 
that was supported by autologous bone-marrow trans-
plantation [18]. The actuarial 3-year event-free survival 
(EFS) was significantly better in patients who received 
HDCT (53 vs. 10%). The second randomised multi-
center trial in this setting was performed by the GHSG/
EBMT to determine the benefit of HDCT in relapsed 
HL. Patients who relapsed after polychemotherapy 
were randomly assigned to four cycles of Dexa-BEAM 
(dexamethasone, BCNU, etoposide, Ara-C, and mel-
phalan) or two cycles of Dexa-BEAM followed by 
HDCT (BEAM) and ABMT/PBSCT. The final analy-
sis of 144 evaluable patients revealed that for 117 
patients in PR or CR after two cycles of chemotherapy, 
FFTF in the HDCT group was 55% compared with 
34% for patients receiving additional two cycles of 
conventional dose chemotherapy. OS was not signifi-
cantly different [6].

A potential alternative to the commonly used multi-
agent HDCT regimens was sequential HDCT. This 
approach had increasingly been employed in the treat-
ment of solid tumours as well as in haematologic and 
lymphoproliferative malignancies. Initial results from 
phase I/II studies indicated that this approach was safe 
and effective [19–24]. In accordance with the Norton–
Simon hypothesis [25], few non-cross-resistant agents 
were given after initial cytoreduction at short time 
intervals. In general, the transplantation of PBSC and 
the use of growth factors allowed the application of the 
putatively most effective drugs at highest possible 
doses and intervals of 1–3 weeks. Sequential HDCT 
thereby enabled the highest possible dosing over a 
minimum period of time (dose intensification).

In 1997, a multicenter phase II trial with a high-
dose sequential chemotherapy program and a final 
myeloablative course evaluated feasibility and efficacy 

of this novel regimen in patients with relapsed HL 
[26]. Eligibility criteria included patients aged 18–60 
years, histologically proven relapsed or primary pro-
gressive HL, second relapse with no prior HDCT, and 
ECOG performance status 0–1. The treatment program 
consisted of two cycles of DHAP (dexamethasone, 
ara-C, cisplatin) in the first phase in order to reduce 
tumour burden before HDCT. Patients with PR or CR 
after two cycles of DHAP received sequential HDCT 
consisting of cyclophosphamide 4  g/m2 i.v.; metho-
trexate 8 g/m2 i.v. plus vincristine 1.4 mg/m2 i.v.; and 
etoposide 2  g/m2 i.v. The final myeloablative course 
was BEAM followed by PBSCT with at least 2 × 106 
CD34+ cells/kg. At the final evaluation, 102 patients 
were available for analysis. Of these patients, 10 had 
multiple relapses, 16 progressive disease, 20 early 
relapse, and 44 late relapse. At 18 months of median 
follow-up (range 3–31 months) results were as fol-
lows: response rate (RR) after DHAP 87% (23% CR, 
64% PR) and RR at final evaluation 77% (68% CR, 
9% PR). Toxicity was tolerable with no treatment-
related deaths. FFTF and OS for patients with early 
relapse were 64 and 87% for early relapse; 68 and 81% 
for late relapse; 30 and 58% for patients with progres-
sive disease as well as 55 and 88% for patients with 
multiple relapse [26].

Based on these challenging results, the GHSG, 
EORTC, GEL/TAMO, and EBMT started a prospec-
tive randomised study in 2001 to compare the effec-
tiveness of a standard HDCT regimen (BEAM) with a 
sequential HDCT after initial cytoreduction using two 
cycles of DHAP. Patients with histologically confirmed 
early or late relapsed HL, and patients in second relapse 
with no prior HDCT fulfilling the entry criteria received 
two cycles of dexamethasone and high-dose cytarabine 
and cisplatin (DHAP) followed by G-CSF. Patients 
achieving NC, PR, or CR after DHAP were centrally 
randomised to receive either BEAM followed by 
PBSCT (arm A of the study) or high-dose cyclophos-
phamide, followed by high-dose MTX plus vincristine, 
followed by high-dose etoposide and a final myeloab-
lative course with BEAM (arm B of the study).

A total of 284 patients with relapsed HL were 
included in this largest randomised trial performed  
in this setting so far; 241 patients were randomised 
after DHAP. The median follow-up was 42 months. 
There were no major differences in patient charac-
teristics between the arms with most of the patients 
in late first relapse (CR >12 months). The intensified 
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experimental arm showed significantly longer mean 
treatment duration, more frequent WHO Grade IV 
toxicity before BEAM and more frequent protocol 
violations (p < 0.05). Mortality was nearly identical in 
both arms (20 and 18%) and there were no differences 
in terms of FFTF, PFS, and OS. The respective 3-year-
rates for the standard arm and the intensified arm were 
FFTF 71 vs. 65%, PFS 72 vs. 67%, and OS 87 vs. 
80%. Patients with Ann Arbor stage IV, early or mul-
tiple relapse, and anaemia had a significantly higher 
risk of recurrence (all single bivariate p < 0.05, com-
bined p < 0.001). In conclusion, both regimens tested 
showed equally favourable results in outcome and sur-
vival. Since further intensification did not improve 
results, two cycles of conventional chemotherapy 
(DHAP) followed by HDCT (BEAM) and autologous 
stem cell transplantation are the current standard of 
care for patients with relapsed HL.

Table  13.3 summarizes the results of the three 
randomized trials performed so far in patients with 
relapsed HL.

13.6 � Allogeneic Transplantation  
After Reduced Conditioning  
in Hodgkin Lymphoma

Allogeneic transplantation (alloSCT) has clear advan-
tages when compared with autologous transplantation: 
donor marrow cells unaffected by malignancy are used 
thus avoiding the risk of infusing occult tumour cells 
which may contribute to relapse in treated patients. In 
addition, donor lymphoid cells can potentially mediate 
a graft-versus-lymphoma effect. Generally, donor 
availability and age constraints have limited a broader 
application of alloBMT in HL. Moreover, alloBMT is 
associated with a high treatment-related mortality of up 

to 75% in patients with induction failure, which casts 
doubt on the feasibility of this approach in HL [27–30]. 
In most cases, allogeneic transplantation from HLA-
identical siblings or matched unrelated donors is not 
recommended for patients with HL. The reduced relapse 
rate associated with a potential graft-versus-tumour 
effect is offset by lethal graft-versus-host toxicity.

Nevertheless, patients with induction failure or 
relapsed patients with additional risk factors face a poor 
prognosis after HDCT and ASCT. Therefore, the role of 
alloBMT should be further evaluated within clinical tri-
als in these patients. To reduce treatment-related mortal-
ity associated with allografting, allogeneic stem cell 
transplant combined with nonmyeloablative therapy have 
been assessed. As described in detail in Chap. 19,  
several groups recently updated their findings with non-
myeloablative conditioning regimens [31–33].

13.7 � Future Directions

Alternative strategies have been developed to improve 
the outcome of relapsed or resistant HL. These 
approaches include new cytostatic drugs and biologi-
cal agents with proven efficacy in preclinical models 
as well as the use of new imaging techniques to better 
predict the outcome (Chap. 6).

One of the promising new cytostatic drugs is the 
vinca alkaloid vinorelbine, which has demonstrated 
activity in HL patients pretreated with vincristine or vin-
blastine [34]. The use of vinorelbine in first- and second-
line treatment is under investigation. The pyrimidine 
analogue gemcitabine represents a new mechanism of 
action − a “self-potentiating” effect leads to an enhanced 
accumulation and prolonged retention of gemcitabine in 
the malignant cell. The results of gemcitabine in 
advanced relapsed HL are promising, with an overall RR 
of up to 53% in relapsed patients [35].

Table 13.3  Results of randomized trials in patients with relapsed/refractory Hodgkin lymphoma

Design n Results p TRM Author

2 x DHAP + BEAM vs.
2 x DHAP + HDSCT + BEAM

284 72% vs.
67% (3y-PFS)

n.s. 2% vs.
2%

Josting et al, in press

4 x Dexa-BEAM vs.
2 x Dexa Beam + Beam

161 34% vs.
55% (3y-FFTF)

0.019 14% vs.
10%

Schmitz et al, Lancet, 2002

Mini-Beam vs.
BEAM

40 10% vs.
53% (3y-EFS)

0.025 5 vs.
9

Linch et al, Lancet, 1993
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Although some clinical efficacy has been demon-
strated in clinical trials with immunotoxins (IT), none of 
the currently available IT seems to be suited for a clini-
cal phase III study [36, 37]. Bispecific monoclonal anti-
bodies (BiMoab) such as CD30 × CD64 or CD16 × CD30 
constructs and the monoclonal anti-CD20 antibody 
rituximab were clinically evaluated and are undergoing 
further clinical development [38–40]. The use of recom-
binant DNA technology for site-directed modifications 
and the development of humanised ITs might optimise 
their efficacy [41, 42]. To this end, the auristatin-linked 
anti-CD30 monoclonal antibody construct SGN35 has 
given promising data in phase I and phase II trials [43, 
44]. An array of other biological response modifiers 
such as lenalidomide, bevacizumab, different histone 
deacetylase inhibitors, and other small molecules are 
currently being investigated in preclinical models and 
early clinical studies [45]. In the future, combining stan-
dard chemo-/radiotherapy with biological agents might 
result in the elimination of residual tumour cells and 
subsequently more relapse-free long-term survivors.

Several groups have evaluated the use of early 
2-[fluorine-18]fluoro-2-deoxy-d-glucose positron emis-
sion tomography (FDG-PET) prior to HDCT and ASCT 
to predict outcome. Preliminary results suggest that a 
positive PET prior to HDCT might indicate a poorer 
outcome PET. Whether patients with positive PET 
should be considered candidates for more intensive or 
investigational approaches warrants further controlled 
studies [46].
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14.1 � Introduction

14.1.1 � Comparison of Pediatric/
Adolescent vs. Adult HL

A comparison of the demographics of clinical presen-
tations of PHL compared with adult HL is presented in 
Table 14.1. The first of the bimodal incidence peaks in 
Hodgkin lymphoma (HL) occurs in teenagers and 
young adults (15–25 year age group). HL represents 
less than 5% of malignancies in children under the age 
of 15 years. In contrast, it represents 16–20% of malig-
nancies in adolescents making it the most common 
malignancy of this age group.

Childhood HL is biologically indistinguishable 
from HL of young and middle aged adults other than 
the relative incidence of specific disease histologies. 
Mixed cellularity (MC) and nodular lymphocyte pre-
dominant (nLP) HL are the common forms of HL in 
the preadolescent child; adolescents and young adults 
are most frequently (85%) afflicted with nodular scle-
rosing (NS) HL [1]. Only a third of children will have 
advanced disease; approximately 25% will have B 
symptoms. The incidence of HL with adverse features 
increases with age. Although there were no discern-
able differences in clinical presentation, response to 
therapy, or long-term outcome noted for adolescents 
(16–21 years) vs. young adults (22–45 years) treated 
similarly for HL [2], the treatment of children/adoles-
cents and adults has diverged over the years.
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14.1.2 � Classical Pediatric Hodgkin 
Lymphoma (PHL)

14.1.2.1 � Overall Strategies

The adverse consequences of therapy have driven the 
pediatric treatment paradigm of care. Clinical trials for 
pediatric and adolescent HL have been designed to both 
reduce long-term organ injury and to increase efficacy. 
Pediatric oncologists responded first to developmental 
issues in the young child, and later to the long-term treat-
ment consequences in all young survivors in the design 
of treatment approaches. Recognition of musculoskele-
tal hypoplasia in young children with HL treated with 
high-dose radiation (shortened sitting height, thin necks, 
narrow shoulders and chest [3–6] precipitated the devel-
opment of pediatric-specific regimens for HL. Combined-
modality treatments, even for low stage disease, allowed 
for the reduction of radiation dose [7] and field size, thus 
sparing normal structures (Fig. 14.1). This strategy for 
care was extended to older children and adolescents 
when hypothyroidism [8, 9], secondary cancers, and val-
vular and atherosclerotic heart disease [10, 11] were also 
found to be attributable to high-dose radiation.

Low dose radiation of 15–25 Gy has been the stan-
dard in childhood and adolescent HL for decades. This 
reduced the potential for long term risk without 
adversely impacting event free survival. A convergence 
of treatment approaches may be emerging as recent 
adult trials have begun to address these issues and 
reduce radiation doses. With overall survival over 90%, 
the quality of survival becomes paramount.

Early response to therapy was recognized [12, 13] 
as highly predictive of outcome. In Europe and the US, 
response-based, risk-adapted approach to treating HL 
[14] allows therapy to be tailored to each individual, 
within the context of clinical trials. Dose-dense regi-
mens used are similar to those used by adult groups 
[15, 16], but the pediatric algorithms use the enhanced 
efficacy to support reduction of therapy.

14.1.2.2 � Low-Risk (Early Favorable) Disease

Although there have been differing definitions of low-
risk disease (Table 14.2), risk adapted approaches aim to 
define a cohort of patients that is curable with minimal 

Childhood HL AYA HL Adult HL

Age range (years) £14 15–35 ³35

Prevalence of HL cases (%) 10–12 50.00

Gender
  Male:female 2–3:1 1:1–1.3:1

Histology
  Nodular sclerosis (%) 40–45 65–80
  Mixed cellularity (%) 30–45 10–25
  Lymphocyte depleted (%) 0–3 1–5
  LPHL (%) 8–20 2–8

EBV associated 27–54%
Risk factors: male, younger age,  
mixed cellularity histology,  
economically disadvantaged countries

20–25% 34.00–40%

Other risk factors Lower SES
Increasing family size

Higher SES
Smaller family size
Early birth order

Stage at presentation 30–35% with Stage III or IV disease
25% with B symptoms

40% with Stage III or IV disease
30–40% with B symptoms

Relative survival rates at 5 years 94% (<20 years) 90% (<50 years)

Table 14.1  Demographic and clinical characteristics at presentation of pediatric HL (modfied from [71, 72])

AYA, adolescents and young adults; IPS, International Prognostic Score; SES, socioeconomic status
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Fig. 14.1  CT-based planning images depicting a historic mantle 
RT, compared to standard involved-field radiation treatment 
(IFRT), and involved node RT (INRT) for a patient with stage I 
disease involving the mediastinum. The postchemotherapy volume 

of initially involved paratracheal nodes is depicted in dark red and 
the cardiac silhouette is also evident. (c) Demonstration of the 
reduction in dose to breast, lung, heart, and thyroid for the female 
patient shown in (a). (From Hodgson et al. [70])

RF, refractory fever

Study group Risk features (RF) Low risk Intermediate/early  
unfavorable risk

High risk

Pediatric

Children’s Oncology  
Group [14, 73]

IA/IIA no bulk  
or extranodal  
extension

IA bulk or “E” extension
IB
IIA bulk or “E” extension
IIB
IIIA
IVA

IIIB, IVB

German Multicenter 
Studies (Pediatric)  
[32, 74]

IA/B
IIA

IIB
IIIEA
IIIB

IIEB
IIIEA/B
IIIB
IVA/B

St. Jude/Stanford/ 
Dana-Farber 
[28, 38, 68, 75]

Categorized as favorable or 
unfavorable risk by IPS

IA/IIA no bulk IA bulk
IB
IIA bulk
IIB
III
IV

Children’s Cancer  
Group [32, 63]

Hilar lymphadenopathy
>4 sites nodal disease
Bulky disease

IA/B without RFs
IIA without RFs

IA/B with RFs
IIA with RFs
IIB
IIIA/B

V

Table 14.2  Risk groups employed by selected pediatric study groups (modified from [71, 72])
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therapy. Treatment group allocation, risk stratification, 
and response assessment varies according to each study 
group (Table 14.2) but all treatment groups define low-
risk based on stage and bulky disease. Patients with nLP 
HL are increasingly being treated on specific low-dose 
regimens separate from those used for the treatment of 
classical HL.

In the decade following the introduction of MOPP, 
secondary leukemia and sterility emerged as signifi-
cant concerns [17–20]. During the 1980s, alkylator 
exposure and leukemia risk was reduced by alternating 
MOPP and ABVD [21, 22]. The goal was to avoid 
reaching thresholds of toxicity for any specific agent. 
The Pediatric Oncology Group (POG) compared four 
cycles of MOPP/ABVD plus 25.5 Gy to six cycles of 
chemotherapy alone without detecting differences in 
efficacy [12]. However, the profound sensitivity of tes-
tes to procarbazine continued to cause sterility in boys, 
even with only two cycles of procarbazine-containing 
chemotherapy [23]. Although early attempts to avoid 
procarbazine were unsuccessful [24], more recent reg-
imens have achieved this goal.

ABVD is used routinely in adults [25], but is not 
standard of care in children with early favorable HL. 
Successful regimens have been devised by the German 
Paediatric Oncology Hodgkin’s Group (GPOH) [26] 
using OEPA (vincristine, etoposide, prednisone, and 
doxorubicin) in males (see Table 14.3), by the French 
Society of Pediatric Oncology [27] using EBVP 
(etoposide, bleomycin, vincristine, prednisone), by 
Donaldson et al. [28] using VAMP (vincristine, doxo-
rubicin, methotrexate, and prednisone) and by the 
Pediatric Oncology Group (POG) using ABVE (doxo-
rubicin, bleomycin, vincristine, etoposide)[29]. With 
these approaches, EFS of 88–92% can be achieved 
without significant radiation or alkylator toxicity. 
Patients treated on these newer regimens receive less 
than 200 mg/m2 of doxorubicin plus or minus 20–25 Gy 
of involved field radiation.

The traditional approach of most pediatric HL treat-
ment groups has been to use combined-modality ther-
apy. Currently, these study groups are involved in 
evaluating methods to define low-risk patients who 
may be cured without radiotherapy, i.e., with chemo-
therapy alone. However, patients with early-stage HL 
treated with chemotherapy alone most frequently 
relapse in the initially involved lymph node(s) [30]. 
Therefore, an effort has also been made to reduce fur-
ther the size of the radiation field size by including 

only the initially involved lymph node(s) − so called 
involved node radiation (INRT) [31].

Nachman et. al. showed an increased relapse rate in 
patients who did not receive radiation despite achiev-
ing CR at the end of chemotherapy [32]. Late-response 
evaluation may not have identified the optimal cohort 
for reduction of radiation. Early response may better 
define the profoundly chemotherapy-sensitive patient 
who does not need radiation. Based on the excellent 
outcomes of low-risk HL patients achieving CR after 
two cycles of chemotherapy [12], HD-95 trial [26, 33], 
three groups (COG, the St. Jude/DFCI/Stanford con-
sortium, and the EuroNet PHL group) are examining 
early response criteria to determine who does or does 
not require radiation postchemotherapy.

The prognostic importance of early chemotherapy 
response rather than end-of-chemotherapy response has 
led to the use of early response assessment (after 6–9 
weeks) to titrate individual therapy and dense regimens 
to maximize the early response rates. The most recent 
COG study (AHOD0431) evaluated whether early 
assessment by PET after one cycle is a predictor of 
recurrence [Keller et al. 2009, Personal Communication]. 
The current EuroNet PHL-C1 classical HL trial is eval-
uating PET activity after two intensive cycles of OEPA 
(cumulative dose of anthracycline is 160 mg/m2) to pre-
dict who does not require radiotherapy [34]. All such 
reductions in treatment may increase the risk of relapse; 
hence adverse outcomes such as the need for high-dose 
salvage therapy (e.g., stem cell transplant or high-dose 
radiation) must be closely monitored.

14.1.2.3 � High-Risk (Advanced,  
Unfavorable) Disease

For children with advanced-stage disease, improving 
efficacy while limiting long-term toxicity is even more 
challenging. The approach in pediatric HL has been to 
increase the number of agents so as to limit cumulative 
doses of individual agents. Regimens used in the 
1980–1990s alternated MOPP/ABVD [22, 35] or used 
the hybrid COPP/ABV [32] to avoid the cumulative 
doses of doxorubicin (300–400 mg/m2) and bleomycin 
(120–160 mg/m2) associated with six to eight cycles of 
the four-drug ABVD regimen [21, 25].

Minimalistic dose regimens in combined-modality 
protocols, such as VEPA (Table 14.4) that eliminated 
traditional alkylating agents, were not successful and 
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resulted in a 70 and 49% 5-year EFS for Stage III and 
IV HD, respectively [36].

It has been known for decades that outcome in HL 
is optimized by dose intensity. Only recently has this 
knowledge been considered a clue to improving out-
come [37–39]. ABVE-PC was developed by the COG 
(by adding prednisolone and cyclophosphamide to 
ABVE) for the treatment of advanced HL and dose 
density was increased by the use of 3-week cycles [14]. 
This regimen is similar to dose-dense regimens such as 
Stanford V and BEACOPP, developed simultaneously 
in the adult groups [15, 16]. BEACOPP and escalated 
BEACOPP are dose-intensive regimens with improved 
efficacy compared to COPP/ABVD. Instead of further 
cumulative dose escalation, the COG and EuroNet PHL 
take advantage of dose-dense delivery to limit cumula-
tive cytotoxic therapy. Such dose-intensive regimens 
also limit the cumulative dose of agents delivered to 
the early responders.

ABVE-PC is the backbone for all new COG trials. 
This dose-dense approach allows for the elimination of 
procarbazine and the limitation of the doxorubicin and 
etoposide dose. The first such study (POG 9425) 
resulted in 5-year EFS of 84% and 5-year overall sur-
vival (OS) of 95% for advanced HL. Early responders 
(after three cycles of ABVE-PC) on this study pro-
ceeded directly to receive 21 Gy regional RT. Others 
received two more cycles (total five ABVE-PC in 15 
weeks) prior to 21 Gy RT.

Low-dose, involved field radiation remains a sig-
nificant modality of therapy in high-risk disease. The 
multicenter trial GPOH-HD 95 used OPPA/COPP for 
girls and OEPA/COPP for boys with radiation dose 
determined by end of chemotherapy response. For the 
intermediate- and higher-risk groups (TG2 and TG4), 
outcome was significantly better for those receiving 
radiation therapy (TG2:0.78 vs. 0.92; TG 2 +3:0.79 vs. 
0.91) [26]. The Children’s Cancer Group also noted 
improved outcome for patients treated with radiation, 
despite CR at the end of chemotherapy [32]. Kelly 
et al. [40] reported excellent results using a modified 
approach to BEACOPP that reduced doses of chemo-
therapy for girls and for boys with a rapid response. 
Nonetheless, this regimen is not being used currently 
because cumulative doses of chemotherapy remain 
high. Current trials in both the COG and in Europe are 
addressing early response directed approaches to limit 
need for radiation.

14.1.2.4 � Future Considerations in Classical 
Pediatric and Adolescent HL

Progress has been made in the treatment of children with 
HL with all stages of disease and risk factors, but several 
issues remain to be resolved. Response to chemotherapy 
may define both the total amount of chemotherapy 
required, and the need for radiotherapy (RT). For early 
stage patients, the balance between chemotherapy dose 
and radiation exposure continues to be explored. 
Restriction of RT to initially involved lymph nodes 
(involved node irradiation) rather than chains (or regions) 
of nodes may affect the balance of risk. For high-risk dis-
ease, dose-dense chemotherapy improves efficacy and 
supports tailoring of therapy to the patient’s response. RT 
is clearly effective in enhancing the local control of PHL, 
but has a dose-dependent toxicity profile favoring a lim-
ited volume/dose approach. Ongoing studies are needed 
to assess the role of RT for initial bulk disease, to residual 
postchemotherapy disease (particularly if it is PET nega-
tive), and to involved organs. Carefully designed and 
sequential evidence-based studies are needed to continue 
to improve efficacy while limiting toxicity.

14.1.3 � Lymphocyte-Predominant  
HL (LPHL)

An indolent, more NHL-like disease, LPHL was rec-
ognized in the early 1990s as a clinico-pathologically 
distinct form of HL [41]. Unlike classical HL, LPHL is 
a CD20-positive lymphoma that is not associated with 
EBV genomic integration. The most common form of 
LPHL is the nodular variant (hence LPHL); the diffuse 
form represents approximately 20% of cases. In chil-
dren, LPHL can represent 10–20% of HL [1] vs. 3–8% 
in adults [42]; it is rarely reported in adolescents. There 
is a distinct male predominance (ratio 2–3:1) with 
nearly 90% of pediatric patients having early stage dis-
ease (IA/ IIA). Peripheral lymphadenopathy is the 
most common presentation, occasionally having been 
present for months or years. The natural history of 
LPHL can be quite indolent.

Adults with early stage LPHL are usually treated with 
involved field radiotherapy. Children have received stan-
dard pediatric HL therapy, often with combined-modality 
chemoradiotherapy [43]. Children with fully resected 
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early stage nLPHD have been cured without the need for 
any chemoradiotherapy [44–46], but the specific situa-
tions in which this strategy is appropriate have not been 
well defined. On-going studies in Europe and the United 
States intend to determine this. Salvage therapy is effec-
tive for late or even multiple relapses if they are of early 
stage [47]. Unfortunately, there appears to be a predilec-
tion (in about 5% of cases) for transformation to NHL 
[48], including diffuse large B cell lymphoma (DLBCL). 
The clonal origin of the NHL is the same as the original 
LP [49], suggesting that this event represents transforma-
tion rather than a therapy-induced second malignancy. 
Risk factors for transformation are unknown and inci-
dence rates in children appear very low.

European and US cooperative groups have ongoing 
trials that are evaluating minimal therapy for LPHL. 
The EuroNet PHL-L1 trial is investigating surgery 
alone for resectable IA disease and low-dose chemo-
therapy for unresectable or IIA early stage disease 
(using conventional and FDG-PET imaging). The 
COG AHODO3P1 LP trial is studying a surgical 
approach only for those with a single resected node. 
Both groups use limited chemotherapy for others with 
IA/IIA disease (EuroNetPHL-LI: CVP (cyclophosph-
amide, vinblastine, and prednisolone) vs. COG’s: dox-
orubicin, vincristine, prednisone, cyclophosphamide).

Low-dose RT is used for those with PR in the COG 
trial. Final results are needed to determine the accept-
ability of surgical approaches and the efficacy of the 
different regimens.

Rituximab has been studied in adults for use in this 
CD20-positive tumor [50]. Although responses are doc-
umented, no evidence is available that confirms benefit 
in a curative regimen. The pediatric community would 
need to carefully consider the safety of using Rituximab, 
particularly the impact on immune status/memory in 
young children, before integrating this agent into regi-
mens for children with a highly curable disease.

14.1.4 � Recurrence, Relapse,  
and Salvage in PHL

14.1.4.1 � Introduction

Relapsed and refractory classical Hodgkin Lymphoma 
(HL) remains a clinical and therapeutic challenge. 

Approximately 10% of patients with early stage, and 
up to 30% with advanced stage disease, relapse after 
first-line chemotherapy. Cure can still be achieved in 
patients with recurrent disease but there is no uniform 
approach to salvage therapy. No pediatric trials have 
compared standard dose chemotherapy regimens to 
high-dose chemotherapy followed by autologous stem 
cell transplantation HDCT/ASCT. Radiotherapy has 
an important role in salvage, but must be individual-
ized based on previous radiation exposure, in or out 
field recurrence, stage at recurrence, and the toxicities 
of total treatment burden.

14.1.4.2 � Standard Dose Salvage  
Chemotherapy Regimens

After recurrence is noted, the first step is reinduction 
with a salvage regimen. There is no “best” chemother-
apy regimen at salvage, and there are no randomized 
studies comparing standard dose chemotherapy regi-
mens. The choice of regimen should take account of 
primary therapy, use of non-cross-resistant drugs, and 
cumulative drug toxicities. The aim of salvage therapy 
is to obtain cytoreduction and to demonstrate chemo-
sensitivity. It also facilitates collection of peripheral 
stem cells for ASCT. Salvage regimes can be divided 
into intensive conventional regimens1 (mini-BEAM), 
cisplatin based regimens2 (ESHAP, DHAP (ESHAP, 
DHAP, APPE, DECAL)), ifosfamide based regimens3 

(EPIC, IEP, ICE, IV), or others4 (GV, IGEV). The 
COG uses IV as its standard regimen because of effi-
cacy and with the intent of avoiding etoposide-induced 
secondary malignancy after stem cell transplantation 
[51]. The decision to continue salvage therapy with RT 
for consolidation vs. use of high-dose chemotherapy 
and stem cell transplantation is based on assessment of 
predictive factors.

1Mini-BEAM; BCNU, etoposide, cytarabine, melphalan
2�ESHAP, etoposide, methylprednisolone, cytarabine, cisplatin; 
DHAP, dexamethasone, cytarabine, cisplatin; APPE, cytarabine, 
cisplatin, prednisone, etoposide; DECAL, cytarabine, cisplatin, 
prednisone, etoposide, asparaginase

3�EPIC, etoposide, vincristine epirubicin, prednisolone; IEP, 
ifosfamide, etoposide, prednisolone; ICE, ifosfamide, carboplatin, 
etoposide; IV, ifosfamide, vinorelbine

4�GV, gemcitabine, vinorelbine; IGEV, ifosfamide, gemcitabine, 
vinorelbine, prednisolone
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14.1.4.3 � Prognostic Factors at Relapse  
in Pediatric HL: Standard Dose 
Chemoradiotherapy vs.  
High-Dose Chemotherapy/ 
Stem Cell Transplantation

Prognostic factors at relapse may be used to allocate 
patients to a risk stratified salvage approach. Response 
to retrieval chemotherapy is particularly relevant in 
determining likelihood of curative intent. FDG PET 
CT is increasingly used for response assessment.

Early relapse and primary progressive disease is 
associated with lower OS and EFS in pediatric studies 
[52–54]. Chemosensitivity to standard dose chemo-
therapy and disease status at transplantation is also 
predictive of outcome. In one study, 5-year FFS was 
35% for patients with chemosensitive disease vs. 9% 
with chemoresistant disease [52]. Another group found 
68% OS and 59% FFS at 5 years in chemosensitive 
patients vs. 18 and 0% in chemoresistant patients [53]. 
Several particularly adverse factors have been noted. 
Chemoresistant patients had 5-year FFS of 0% with 
HDCT/ASCT [53]. Adolescents with B symptoms at 
recurrence had poor OS even after HDCT/ASCT (11 
year OS 27% with B disease vs. 60% without) [55]. No 
difference in OS or FFS between age subgroups or in 
comparison with adult cohorts is reported by several 
studies [52, 53, 56].

The largest pediatric review of outcome after recur-
rent/refractory HL defined prognostic factors [57] in 
176 pediatric patients diagnosed with HL and treated 
on the DAL/GPOH studies over a 17-year period. 
HDCT/ASCT was used only in a subgroup (30%) with 
an unfavorable prognosis. The 10-year DFS and OS 
were 62 and 75%, respectively. Length of time between 
primary therapy and disease recurrence was the stron-
gest prognostic factor with DFS of 41, 55, and 86% for 
those with refractory disease, early relapse, and late 
relapse, respectively. Stage IV, extranodal disease, and 
female gender were associated with lower OS. This 
study showed that salvage can be risk adapted.

14.1.4.4 � High-Dose Chemotherapy and 
Autologous Stem Cell Transplant

Patients with limited stage, late relapse, and chemother-
apy-responsive disease are usually salvaged with stan-
dard dose chemotherapy plus RT. The COG protocols 

have studied HDCT/ASCT and immunomodulatory 
therapy in all patients except the lowest risk group (late 
relapse without bulky disease or B symptom in those 
initially treated for IA/IIA disease with minimal sys-
temic therapy) [58]. In Europe, HDCT/ASCT has a rec-
ognized role in salvage for those with higher risk 
features, primary progressive HL and poor response to 
reinduction. Intermediate-risk patients who achieve a 
complete FDG-PET defined response after two cycles 
of SDCT receive more chemotherapy plus RT.

There are no studies that define the most effective 
HDCT; BEAM and CVB (cyclophosphamide, etopo-
side, carmustine) are commonly used. TBI-containing 
regimens confer no benefit and are associated with 
increased toxicity and late effects. Transplant-related 
mortality is down to 0–2% in some series. A higher 
TRM rate has been associated with history of atopy, 
thoracic irradiation, multiple chemotherapy regimens, 
and multiple relapses.

Series with HDCT/ASCT in pediatric and adoles-
cent patients are small and report EFS rates of 31–67% 
[52, 53, 56, 59]; outcome for children is similar to 
adults with HDCT/ASCT [52, 56]. Studies that evalu-
ate survival benefit rather than event-free survival after 
disease recurrence often rely on transplant after second 
or later recurrence to achieve good OS [53, 60]. Patients 
with primary progressive disease and those resistant to 
salvage regimens remain a huge challenge. SDCT with 
radiotherapy will not afford a chance of cure, but even 
HDCT/ASCT is inadequate therapy for most such 
patients. New approaches to such patients such as use 
of allogeneic SCT or immunomodulatory therapy may 
prove beneficial [58].

Long-term follow-up is required post-HDCT for 
detection of late relapse and development of second 
cancers, which have been reported at a rate of 5–10% 
at 5 years and substantially higher at 20 years or more 
in some series. Thirty-eight percent of deaths occurred 
4–12 years after ASCT; 85% of relapses occur within 
2 years of ASCT [54].

14.1.4.5 � High-Dose Chemotherapy and 
Allogeneic Stem Cell Transplantation

Allogeneic transplantation is not recommended as the 
initial transplant approach [61] due to high nonrelapse 
mortality (NRM) rate, mainly caused by graft vs. host 
disease and infection. Reduced intensity conditioning 
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(RIC) ameliorates the NRM while maintaining theo-
retical graft vs. lymphoma effect. Allogeneic-SCT 
may be an option for relapse post-HDCT/ASCT and 
for patients with refractory advanced stage HL and 
chemoresistant disease at salvage.

Children and adolescents allografted for HL had an 
OS of 45% and PFS of 30% at 5 years [62]. All were 
heavily pretreated, almost half with HDCT/ASCT. 
Those with chemosensitive disease and good perfor-
mance status achieved 3-year OS of 83% and PFS of 
60%. NRM was 21 ± 4% in both the RIC and myeloab-
lative conditioning groups. RIC was associated with a 
significantly higher relapse risk compared to myeloab-
lative conditioning. Graft vs. host disease did not affect 
relapse rate.

Although studies based on “registry” data are useful, 
prospective trials are required to gain a better understand-
ing of the role of allogeneic transplantation. The indica-
tions, optimal time point, conditioning regimen, and 
GVHD prophylaxis all still need to be better defined.

14.1.5 � Late Effects

Long-term adverse sequelae of greatest concern in 
children treated for HL (particularly with regimens 
including high-dose radiation) include impairment of 
muscle and bone development [3] and injury to the 
lungs [63], heart [10, 64], thyroid gland [8, 9], and 
reproductive organs [65]. Cardiovascular dysfunction, 
pulmonary fibrosis, and secondary malignancies sig-
nificantly compromise the quality and length of life in 
survivors [66].

14.1.5.1 � Cardiac Toxicities

High-dose (>3 Gy) radiation to the mediastinum has 
been associated with significant long-term effects in 
patients with HL. Stanford investigators reported that 
the actuarial risk of developing cardiac disease neces-
sitating pericardectomy was 4% at 17 years in a series 
of long-term survivors of childhood HL who had 
received high-dose radiation [11]. Screening echocar-
diogram, exercise stress test, and resting and 24-h 
ECG identified numerous clinically significant cardiac 
abnormalities in HL patients who had mediastinal irra-

diation at a median age of 16.5 years (range, 6.4– 
25 years). Significant valvular defects were detected in 
42%, autonomic dysfunction in 57%, persistent tachy-
cardia in 31%, and reduced hemodynamic response to 
exercise in 27% of patients [67]. With the introduction 
of techniques that reduce the radiation dosage to the 
heart, the rates of radiation-associated cardiac injury 
have declined dramatically.

Mediastinal irradiation given for HL may further 
predispose patients with PHL to anthracycline-related 
myocardiopathy [11, 68]. Cardiac dysfunction after 
anthracycline therapy itself can be noted, with the 
highest risk in those receiving high cumulative doses or 
in [11, 68] young children who may be affected by an 
adverse effect on cardiac myocyte growth. Fortunately, 
most pHL patients are adolescents and current pHL 
regimens doses are significantly lower than those used 
in adult ABVD regimens.

14.1.5.2 � Pulmonary Toxicities

Chronic pneumonitis and pulmonary fibrosis should 
be rare in the current era of treatment for primary HL 
(Fig.  14.1). Predisposing therapies include thoracic 
radiation and bleomycin chemotherapy [63, 64]. The 
bleomycin in ABVD can cause both acute pulmonary 
compromise and late pulmonary fibrosis and can be 
augmented by the fibrosis that can be associated with 
pulmonary radiation. Asymptomatic pulmonary dys-
function that improves over time has been observed 
after contemporary combined-modality treatment.

14.1.5.3 � Thyroid Toxicities

Thyroid sequelae are common after RT for PHL. 
Hypothyroidism, hyperthyroidism, thyroid nodules, and 
thyroid cancer have been observed in long-term survi-
vors [8, 9]. Of these, hypothyroidism, particularly com-
pensated hypothyroidism, defined as thyroid-stimulating 
hormone (TSH) elevation in the presence of a normal 
thyroxine (T4) level, is the most common thyroid abnor-
mality. Risk factors for hypothyroidism include younger 
age at trea tment and higher cumulative radiation dos-
age. As many as 78% of patients treated with radiation 
dosages greater than 26  Gy demonstrate thyroid dys-
function, as indicated by elevated TSH levels [8].
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14.1.5.4 � Secondary Malignancies

The overall cumulative risk of developing a subsequent 
malignancy after treatment for PHL has been reported 
to range from 7 to 10% at 15 years from diagnosis and 
rises to 16–28% by 20 years (Table 14.5) [69]; these 
data are based on patients treated in earlier decades. 
The most common secondary malignacies historically 
included both secondary acute myeloid leukemia 
(MDS/secondary AML) and solid tumors. However, 
leukemias are now infrequent due to changes in che-
motherapy. Female breast cancer is a particular con-
cern but is likely to be less common with current 
radiation doses and techniques, since it is associated 
with RT fields that include breast tissue (especially 
mantle fields), and higher radiation doses (Fig. 14.1)

14.1.6 � Summary/Future Directions

Tremendous strides have been made in treating children 
with HL, both in terms of cure and reduction of toxicity. 
Devising new strategies to treat children with HL is 
problematic because of the overall success of current 
treatment regimens. However, grouping patients into 
different risk categories, using response-based therapy 
and newer imaging techniques, allows investigators to 
construct protocols intended to diminish therapy-induced 

toxicity for patients with favorable prognoses. These pro-
tocols also aim to improve efficacy of treatment for 
patients with intermediate and unfavorable prognoses. 
Unfortunately, the ability to conduct clinical trials, where 
the difference in survival between treatment arms is likely 
to be small, is compromised by the large patient numbers 
required to detect such differences. If a reduction in treat-
ment toxicity is the intended goal of a new regimen, then 
many years of follow-up are necessary to prove efficacy. 
For patients with refractory, or multiply relapsed, disease, 
phase II studies, investigating the use of monoclonal anti-
CD30 antibodies, HDAC, and mTOR inhibitors in chil-
dren are being planned internationally. The importance of 
investigators working together throughout the world to 
share data, and new treatment approaches, in order to 
cure children with HL safely, is clear.
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15.1 � Introduction

Lymphocyte-predominant Hodgkin lymphoma (LPHL) 
was first described in 1944 by Jackson and Parker as 
nodular paragranuloma [1]. Other synonyms used were 
lymphocytic predominant Hodgkin disease, lympho-
cytic and histiocytic (L&H) predominant Hodgkin 
disease, nodular lymphocyte-predominant Hodgkin 
disease, and nodular LPHL [2–5]. This term has 
become the one that is currently being used. LPHL 
represents 5% of all HL cases and is a rare disease with 
an estimated incidence of 1.5 per million [6]. LPHL 
differs from classical Hodgkin lymphoma in patho-
logical and clinical characteristics.

This chapter describes pathological and clinical 
characteristics, differential diagnosis, risk factors, and 
treatment of LPHL.

15.2 � Pathology of LPHL

LPHL has a number of distinctive pathologic character-
istics. The main feature is a malignant cell population 
that was originally termed L&H. These cells were 
reclassified in the WHO 2008 classification as LP cells [5]. 
LP cells carry one large single folded or polylobated 
vesiculated nucleus (Table 15.1). In contrast to H–RS 
cells, the number of nucleoli in LPHL is increased. 
These features have resulted in the more descriptive 
term “popcorn cells” [7]. In rare cases, however, LP 
cells can resemble classical or laguna-type Hodgkin 
and Reed–Sternberg (H–RS) cells.

H–RS tumor cells of classical Hodgkin lymphoma 
appeared to be derived from germinal center (GC) 
B- cells that normally would have undergone apoptosis. 
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In contrast, LP cells originate from GC B-cells that 
were positively selected. Single-cell polymerase 
chain reaction assays demonstrated that LP cells typi-
cally contain rearranged immunoglobulin (Ig) genes 
and variably express immunoglobulin mRNA [8–11]. 
The Ig heavy chain can show evidence of somatic 
hypermutation in line with the germinal center origin 
of LP cells, which express G-chain in most cases. 
Different chromosomal abnormalities in up to two-
third of LPHL cases have been described [12]. 
Although some genetic lesions were identified, little 
is known on the pathogenesis of LP cells in LPHL 
(Chap. 3). Constitutive activity of NF-kB, the JAK/
STAT pathway, and the BCL-6 transcription factors 
appear to be involved. Mutations in the genes coding 
for the NF-kB regulating factors IkBa and A20 are 
uncommon [13].

LP cells are embedded in a nodular or follicular 
background that is dominated by small B-lymphocytes. 
More diffuse growth pattern can also be observed. A 
follicular infiltrate by follicular dendritic cells is 

usually present forming meshworks in the nodules. 
There was some controversy as to the existence of both 
a more nodular and a diffuse subtype. However, since 
the diffuse subtype was reported in less than 1% of all 
diagnoses and at least a partial nodular pattern is 
required for the diagnosis of LPHL, it remains contro-
versial whether purely diffuse cases really exist. For 
simplicity, we refer to LPHL.

Immunophenotyping is usually needed to establish 
the correct diagnosis of LPHL. LP cells present a 
B-cell phenotype expressing CD20, CD75, and fre-
quently CD79a. In contrast to H–RS cells, LP cells are 
negative for CD15, CD30, and EBV. Occasionally a 
weak positivity for CD30 can be observed in LPHL but 
these cells are typically non-neoplastic extrafollicular 
immunoblasts. B-cell transcription factors such as 
BOB.1 and OCT-2 are usually positive; BCL-6 and the 
activation-induced cystidine deaminase (AID) are 
expressed. In smaller lesions, B-cells dominate the 
background where histiocytes and T-cells are more 
prominent during the evolution of LPHL. This can 
result in LPHL cases becoming very difficult to distin-
guish from T-cell-rich B-cell lymphoma (TCRBCL). 
Figure 15.1 shows typical LPHL and classical Hodgkin 
lymphoma histology, and Fig. 15.2 immunostaining of 
CD20. The main characteristics of LPHL and classical 
Hodgkin lymphoma are shown in Table 15.1.

15.3 � Differential Diagnosis

The discrimination of LPHL from classical Hodgkin 
lymphoma or other related lymphoma is difficult. A 
consortium of European and American expert patholo-
gists evaluating 426 cases that had initially been clas-
sified as LPHL highlighted this problem [6]. Using 
classical morphology and immunohistochemistry, 51% 
of cases were confirmed as LPHL, 27% were reclassi-
fied as lymphocyte-rich classical Hodgkin lymphoma 
(LRcHL), and 5% as classical Hodgkin lymphoma. 
The remaining 17% of cases were identified as non-
Hodgkin lymphoma (3%); reactive lesions (3%) or 
were not assessable (11%). These findings underscore 
the need for immunohistochemistry and expert pathol-
ogy review particularly for the diagnosis of LPHL.

Classical Hodgkin 
lymphoma

LPHL

Pattern Diffuse, 
interfollicular, 
nodular

Nodular, at least  
in part

Tumor cells Diagnostic RS cells; 
mononuclear or 
lacunar cells

LP or “popcorn” cells

Background Lymphocytes, 
histiocytes, 
eosinophils,  
plasma cells

Lymphocytes, 
histiocytes

Fibrosis Common Rare

CD15 + −

CD30 + −

CD20 ± +

CD79 − +

EBV + (~50%) −

Table  15.1  Characteristics of classical Hodgkin lymphoma  
and LPHL (histology and immunophenotype)

EBV Epstein–Barr virus; LPHL lymphocyte-predominant 
Hodgkin lymphoma
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a bFig. 15.1  HE-stained tumor 
sections showing LPHL (a) 
and lymphocyte-rich classical 
Hodgkin lymphoma (b)

CD20

a b

Fig. 15.2  CD20 immunos-
taining of LPHL (a) and 
classical Hodgkin  
lymphoma (b)
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15.4 � LPHL and T-Cell-Rich  
B-cell lymphoma

TCRBCL is a variant of diffuse large B-cell lymphoma 
in which malignant B-cells are surrounded by non-
malignant T-cells [14]. TCRBCL comprises less than 
5% of all diffuse large B-cell lymphoma. Earlier stud-
ies had described striking similarities between LPHL 
and TCRBCL in terms of histology. In the latest WHO 
classification, TCRBCL was characterized by a “lim-
ited number of scattered, large, atypical B-cells embed-
ded in a background of abundant T-cells and frequently 
histiocytes” [5]. Median age at presentation is in 
the 40s with a male predominance. The majority of 
TCRBCL patients presents with advanced disease and 
often shows involvement of spleen, liver, and bone 
marrow. Although they are distinct tumors, there are 
morphological and biological similarities between 
LPHL and TCRBCL, which can make the differential 
diagnosis difficult. The most reliable morphological 
differences are seen between the tumor cells. In LPHL, 
most malignanT-cells are LP cells with their character-
istic popcorn appearance. H–RS cells are extremely 
rare. The neoplastic cells in TCRBCL resemble centro-
blasts or immunoblasts and rarely appear as LP cells. A 
follicular environment is retained in LPHL as docu-
mented by the presence of meshworks of follicular den-
dritic cells, which are absent in TCRBCL [14]. Small 
B-cells are abundant in LPHL but rare in TCRBCL. 
T-cells in LPHL are mainly CD4+, CD7+ rosette-form-
ing follicular cells [15], whereas CD8+ cytotoxic T-cells 
and histiocytes dominate in TCRBCL, and T-cell 
rosettes are rarely seen [16]. CD79A and Bcl-2 are more 
frequently expressed in TCRBCL than in LPHL [17]. 
The transcription factor PU.1, which is associated dur-
ing early B-cell differentiation, is expressed in LPHL 
but absent in TCRBCL [18].

Recent reports show that LPHL will eventually 
transform into large B-cell lymphoma even 15–20 years 
after the initial diagnosis [19]. TCRBCL is the most 
common histology of transformed LPHL cases [20]. 
Similarly, there are many examples showing that LPHL 
is clonally related to TCRBCL [21, 22]. Comparative 
genetic studies revealed numerous genomic imbalances 
with only a few overlapping genetic abnormalities in 
both entities. Thus, the genetic link between LPHL and 
TCRBCL might be among these recurrent chromo-
somal abnormalities.

15.5 � Lymphocyte-Rich Classical 
Hodgkin Lymphoma

LRcHL was introduced as a new subtype of classical 
Hodgkin lymphoma in the REAL classification [3] 
and later confirmed by the WHO [4, 5]. This is also a 
rare entity representing less than 5% of all Hodgkin 
lymphoma cases. In tissues involved, few H–RS cells 
on a background of small mature lymphocytes charac-
terize LRcHL. There are both nodular and diffuse 
growth patterns. LRcHL can be difficult to differenti-
ate from LPHL with conventional staining (Fig. 15.1). 
Exact diagnosis often requires immunohistochemis-
try. Here, the malignanT-cells in LRcHL display the 
typical immunophenotype of classical Hodgkin lym-
phoma (CD30+CD15+CD20−). In contrast, LP cells are 
CD30−CD15−CD20+.

Analyses conducted by the GHSG comprising 
2,750 patients with biopsy-proven HL reported an 
average age of 38 years for LRcHL patients and 40 
years for LPHL patients, which contrasts with 33 years 
average for other classical Hodgkin lymphoma patients. 
Similar to LPHL, LRcHL patients usually present with 
early stages of disease and treatment outcome is excel-
lent. For a group of 100 LRcHL patients identified in a 
recent retrospective analysis, there was 100% overall 
response to treatment. The event-free survival and the 
overall survival rates were 97% at 32 months [23]. 
Only three patients died; all deaths were due to treat-
ment-related toxicities. Similar differences in clinical 
parameters between LRcHL and classical Hodgkin 
lymphoma were observed by the European Task Force [6]. 
Thus, very similar to LPHL, special emphasis should 
be taken to reduce toxicity in this entity.

15.6 � Transformation  
to Non-Hodgkin Lymphoma

In a comprehensive individual patient data analysis by 
the “International database on Hodgkin’s Disease” 
(IDHD), a significantly higher risk for secondary NHL 
in LPHL patients was described [24]. The risk was 
increased by a factor of 1.8 for LPHL patients as com-
pared with classical Hodgkin lymphoma. Higher inci-
dence of secondary non-Hodgkin lymphoma after 
primary diagnosis of LPHL was also reported from 
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other studies [6]. In the ETFL database, there were 6 of 
219 patients with secondary NHL at a median follow-
up of 6.8 years. This compares with 0.9% of secondary 
NHL in the IDHD database comprising 12,411 HL 
patients. Based on these studies, LPHL patients seem 
to have a two- to threefold higher risk of secondary 
NHL as compared to other Hodgkin patients. However, 
these findings were not confirmed in the GHSG data-
base [25]. Given the natural history of LPHL eventu-
ally transforming to TCRBCL and the lack of reference 
pathology review in some of these studies, this issue 
requires longer follow-up for a final answer.

15.7 � Clinical Characteristics

The most comprehensive clinical data derive from the 
European Task Force on Lymphoma (ETFL) analysis 
[6]. In this study, patient data from 17 European and 
American centers were included and a total of 219 
patients with histology-confirmed LPHL were evalu-
ated. Here, a median age of 35 years for both LPHL 
and classical Hodgkin lymphoma patients was 
described. A comprehensive analysis performed by 
the GHSG compared 394 reference pathology-con-
firmed LPHL cases with 7,904 classical HL patients 
from their database describing an average age of 37 
years for LPHL patients and 33 years for classical 
Hodgkin lymphoma [26]. Seventy percent in the 
EFTL and 73% in the GHSG analysis were male 
patients (Table 15.2).

In the EFTL analysis, 53% of all LPHL patients 
were in stage I, 28% in stage II, 14% in stage III, and 
6% in stage IV. In addition, 24% of patients had purely 
infradiaphragmatic disease, 7% presented with medi-
astinal mass, 13% bulky disease, and 8% spleen 
involvement. B symptoms were present in 10% of 
patients. In the GHSG analysis, 63% of LPHL patients 
were in early favorable stages, 16% in early unfavor-
able and 21% in advanced stages, in contrast to 22, 39, 
and 39% of classical Hodgkin lymphoma patients, 
respectively. Compared with classical Hodgkin lym-
phoma patients, fewer LPHL patients had B symptoms 
(9 vs. 40%) three or more nodal areas involved (28 vs. 
55%), elevated ESR (4 vs. 45%), mediastinal bulky 
disease (31 vs. 55%), extranodal involvement (6 vs. 
14%), or elevated lactate dehydrogenase (16 vs. 32%) 
(Table 15.2).

The relevant prognostic risk factors of classical 
Hodgkin lymphoma such as large mediastinal mass or 
bulky disease are rare in LPHL. Also infrequent is extra-
nodal disease with 6% of patients having spleen involve-
ment, 3% liver, 1% lung and bone marrow, respectively. 
Involvement of peripheral lymph nodes however is com-
mon and includes inguinal and cervical areas. In the 
GHSG analysis, negative prognostic factors for tumor 
control (FFTF) were advanced stage (p = 0.0092), hemo-
globin less than 10.5 g/dL (p = 0.0171), and lymphopenia 
(<8% of white cell count; p = 0.01). Hemoglobin <10.5 g/
dL (p = 0.0014), age older than 45 years (p = 0.0125) and 
advanced stage (p = 0.0153) were negative prognostic 
factors for overall survival (Table 15.3).

15.8 � Treatment of Early Favorable LPHL

In early favorable stages, LPHL patients have an excel-
lent prognosis with an overall survival of close to 100% 
in IA staged patients. There are different approaches in 

Patient characteristics LPHL 
(n = 394)

cHL 
(n = 7,904)

Median age (years) 37 33

Female (%) 25 44

Male (%) 75 56

Early favorable (%) 63 22

Early unfavorable (%) 16 39

Advanced (%) 21 39

B symptoms (%) 9 40

Three nodal areas (%) 28 55

Mediastinal bulk (%)a 31 55

Elevated ESR (%) 4 45

Extranodal involve- 
ment (%)

6 14

Serum LDH >ULN (%) 16 32

Table  15.2  Characteristics of LPHL and classical Hodgkin 
lymphoma patients, Nogova et al. [25]

LPHL lymphocyte-predominant Hodgkin lymphoma; cHL clas-
sical Hodgkin lymphoma; ESR erythrocyte sedimentation rate; 
LDH lactate dehydrogenase; ULN upper limit of normal
aBulk one third of maximum thoracic diameter; information pro-
vided in 3,335 of 8,298 patients
ESR 50 mm/h without B symptoms and 30 mm/h with B symptoms
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these patients including a watch and wait strategy, 
radiotherapy in small (IFRT) or large field technique 
(EFRT), multiagent chemotherapy, combined modal-
ity treatment and, more recently, monoclonal anti-
CD20 antibodies.

The treatment of LPHL patients in early stages is 
clearly aimed at inducing as little acute and late toxic-
ity as possible. Particularly in children with LPHL, 
treatment strategies focus on avoiding long-term side 
effects including secondary malignancies, infertility, 
growth retardation, hypothyroidism, and damage of heart 
and lung. In an attempt to postpone treatment, a watch 
and wait strategy after diagnostic lymphadenectomy was 
compared in smaller series of patients [27, 28]. In one 
study of 27 pediatric patients, 13 underwent lymph-
adenectomy only, 10 were treated with combined 
modality, one patient had IFRT and three patients che-
motherapy only. At a median follow-up of 70 months, 
the overall survival for all 27 patients was 100% with 
an event-free survival of 69%. The event-free survival 
in the watch and wait group was 42% compared with 
90% of those having additional treatment. Patients 

with residual lymphoma after the diagnostic operation 
clearly had inferior EFS when receiving no further 
treatment. Thus, watch and wait has to be regarded 
experimental and should not be routinely recom-
mended in clinical practice. More studies are needed 
such as the one currently conducted by the EORTC. 
Here, stage IA LPHL patients with infradiaphragmatic 
stage IA are followed by watch and wait after com-
plete tumor resection.

An American group of pediatric oncologists 
reported 15 children and adolescents at a median age 
of 11 years with localized LPHL [28]. Patients received 
a selected therapy: those with stage I disease that were 
disease-free after the diagnostic biopsy were carefully 
followed without further treatment. Patients with stage 
I or II who had incomplete resection were treated with 
brief chemotherapy consisting of vincristine, doxoru-
bicin, cyclophosphamide, and prednisone. All these 
patients reached complete remission; one patient in 
stage II relapsed six years after the initial diagnosis.

For most LPHL patients in early favorable stages, 
radiotherapy is the mainstay of treatment. There are 
two retrospective analyses including a smaller series of 
36 stage I/IIA patients that were either treated with 
IFRT or a modified localized radiation with an event-
free survival of 95% and overall survival of 100% after 
5 years [29]. A larger Australian series analyzed 208 
stage I/II patients treated with radiotherapy in mantle 
field technique or reverted Y. In this group of patients, 
the progression-free survival was 82% with an overall 
survival of 83% at a median follow-up of 8.8 years. 
The authors conclude that a reduction of field size in 
this group of patients is feasible and safe and suggested 
radiotherapy alone as treatment of choice for early-
stage LPHL [30]. In their studies, the GHSG treated a 
total of 131 stage IA LHPL patients with different 
treatment modalities including EFRT (45 patients), 
IFRT (45 patients) and combined modality treatment 
(41 patients) [31]. Median follow-up was 78 months 
for the EF-treated group, 40 months for those with 
IFRT and 17 months for combined modality treatment. 
Overall 99% patients reached a complete remission. 
As shown in Fig. 15.3, there was no difference in terms 
of FFTF between these different treatments. Although 
longer follow-up is required for a more comprehensive 
picture, the efficacy and tolerability of IFRT has 
resulted in this treatment modality being recommended 
by the GHSG for patients with stage IA LPHL. The 
EORTC has also adopted IFRT as standard of care of 

Risk factor LPHL cHL

Male sex 0.7556 <0.0001

Age 45 years 0.0125 <0.0001

Advanced stage 0.0153 0.6858

Albumin <4 g/dL 0.6730 0.6759

Hemoglobin  
<10.5 g/dL

0.0014 0.0112

Leukocytes 
>15,000/L

0.1244 0.0209

Lymphopenia 0.9946 0.1608

Serum LDH >ULN 0.2353 0.0471

Three nodal areas 0.1205 <0.0001

Elevated ESRa 0.0894 0.0010

Extranodal  
involvement

0.5794 <0.0001

Table 15.3  Multivariate analysis for OS including international 
prognostic score and follicular lymphoma international 
prognostic index modified according to the GHSG risk factors

Note, lymphopenia <8% of white blood count
OS overall survival; GHSG German Hodgkin Study Group; 
LPHL lymphocyte-predominant Hodgkin lymphoma; cHL clas-
sical Hodgkin lymphoma; LDH lactate dehydrogenase; ULN 
upper limit of normal; ESR erythrocyte sedimentation rate
aESR 50  mm/h without B symptoms and 30  mm/h with  
B-symptoms
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stage IA LPHL [32]. Similarly, the guidelines panel of 
the US National Cancer Center Network (NCCN) rec-
ommends small field radiotherapy as treatment of 
choice for stage IA LPHL [33]. A French group ana-
lyzed 500 patients with Hodgkin lymphoma including 
42 LPHL, 144 classical Hodgkin Lymphoma without 
mediastinal involvement and 314 patients with medi-
astinal involvement. The mortality rates after 15 years 
were similarly low in those LPHL and classical 
Hodgkin lymphoma patients without mediastinal 
involvement. They reported an excellent prognosis 
after brief antracylin-based chemotherapy followed by 
EFRT [34]. More recently, long-term follow-up of 113 
patients with stage I/II LPHL treated between 1970 
and 2005 was reported [35]. The overall survival and 
progression-free survival were similar among patients 
who received limited-field, regional-field, or extended-
field radiation therapy. The 10-year progression-free 
survival was 85% for patients with stage I, and 61% 
for patients with stage II disease, with an overall sur-
vival of 94 and 97%, respectively.

15.9 � Treatment of Early Unfavorable 
and Advanced Stages

The treatment of LPHL patients with early unfavorable 
(intermediate) and advanced stage LPHL is usually 
identical to the treatment of classical Hodgkin lym-
phoma. This is based on larger analyses performed by 

several groups. The GHSG analysis including 394 
LPHL patients and 7,904 classical Hodgkin lymphoma 
patients reported that 91% of patients in early favor-
able, 86% in early unfavorable and 79% in advanced 
stages reached CR [26]. This compares with rates of 
86, 83 and 75% in classical Hodgkin lymphoma 
patients. There were only 0.3% of LPHL patients with 
progressive disease as compared with 3.7% of classi-
cal Hodgkin lymphoma patients. Although the overall 
relapse rate was very similar (LPHL 8.1 vs. 7.9% clas-
sical Hodgkin lymphoma) early relapses were more 
frequent in patients with classical Hodgkin lymphoma 
(3.2 vs. 0.8%). The tumor control at a median follow-
up of 41 months for patients with early unfavorable 
and advanced stage LPHL was 88% with an overall 
survival of 96% as compared with 82 and 92% for 
classical Hodgkin lymphoma. Similar data were 
reported by the EFTL [6]. Here, 96% of patients with 
advanced stage LPHL reached CR. The FFTF for 
LPHL patients was 95% at a median follow-up of 8 
years as compared with 74% for classical Hodgkin 
lymphoma patients. Overall survival was 89% in both 
groups. Figure 15.4 shows FFTF and overall survival 
of LPHL and classical Hodgkin lymphoma patients; 
FFTF of LPHL patients according to clinical stage is 
shown in Fig. 15.5.

Because LPHL shares clinical and immunopheno-
typic featured with indolent B-cell NHL, the M.D. 
Anderson Cancer Center group is currently piloting 
the use of R-CHOP, a regimen commonly used for the 
treatment of patients with NHL, in patients with 
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advanced stage LPHL [36]. Whether this approach 
will be more effective than regimens that are tradition-
ally used for the treatment of patients with classical 
HL will require a randomized study through interna-
tional cooperation.

15.10 � Treatment of Relapsed LPHL

If possible, LPHL patients with suspected relapse 
should undergo a renewed biopsy since the transfor-
mation into a more aggressive non-Hodgkin lymphoma 

should be excluded. In the ETFL study, 14% of LPHL 
relapses were identified as classical Hodgkin lym-
phoma and 10% as non-Hodgkin lymphoma. Patients 
with LPHL showed a tendency to more favorable sur-
vival after relapse as compared with classical Hodgkin 
Lymphoma patients (p = 0.05). This however has to be 
handled with care since more LPHL patients had been 
in early stages at primary diagnosis and were treated 
with less intensive first-line treatment [6, 26, 35, 36]. 
Surprisingly, there were no differences in the progno-
sis of relapses between LPHL and classical Hodgkin 
lymphoma patients treated in three GHSG study gen-
erations. The relapse rate was very similar for LPHL 
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patients (8.1%) and classical Hodgkin lymphoma 
patients (7.9%).

Due to the restricted number of LPHL patients, pro-
spectively randomized trials are not available and will 
be difficult to conduct. Although patients with early 
unfavorable and advanced stage LPHL have a slightly 
better prognosis as compared with classical Hodgkin 
lymphoma patients, the current standard treatment rec-
ommendation is identical to those for classical Hodgkin 
lymphoma.

With the advent of the anti-CD20 monoclonal anti-
body rituximab and the efficacy combined with excel-
lent tolerability observed in clinical trials with other 
lymphoma entities, this antibody was subsequently 
evaluated in phase II studies in patients with relapsed 
or refractory LPHL. This was based on the fact that in 
LPHL not only the reactive background usually stains 
strongly for CD20 but, importantly, also the malignant 
LP cells are CD20 positive (Fig. 15.2a). In a study con-
ducted by the GHSG, 14 patients were treated with 
weekly rituximab at doses of 375 mg/m2 for 4 weeks [37]. 
The overall response rate was 86%; eight patients 
achieved CR and 4 patients PR. At a short median fol-
low-up of 12 months, 9 patients were in remission. An 
up-date on this study with 21 patients included, of 
whom 15 had reconfirmed LPHL, reported an overall 
response rate of 94% [25]. With a median follow-up of 
63 months, the median time to progression was 33 
months, with the median overall survival not reached 
(Fig.  15.6). Similar results were reported in 22 less 
intensively or previously untreated patients from 
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Stanford [38]. In their study, the response rate was 
100% with 9/22 complete remissions (41%). However, 
9/22 patients had relapsed at a median follow-up of  
13 months with two of five patients transformed to large 
cell Hodgkin lymphoma. On the basis of high efficacy 
and excellent tolerability, rituximab was evaluated in 30 
previously untreated stage IA patients that did not have 
additional risk factors. The results of this study will be 
available shortly. Another treatment option for LPHL is 
the more recently described fully human anti-CD20 
monoclonal antibody Ofatumumab that is currently 
undergoing clinical trials in this disease [39].

Due to the rare LPHL cases, the role of autologous 
stem cell transplant in the treatment of patients with 
relapsed LPHL remains undefined. In a recent retro-
spective study, 28 patients with relapsed LPHL who 
underwent ASCT were reported. The 5-year event-free 
survival was 69%, and the overall survival was 76% [40]. 
Thus, ASCT may be considered for selected patients 
with relapsed LPHL, especially at the time of histo-
logic transformation.
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16.1 � Introduction

Hodgkin lymphoma (HL) is the fourth most frequent 
cancer diagnosis among pregnant females and the most 
common hematologic malignancy complicating preg-
nancy [1]. The estimated incidence of HL ranges from 
1:1,000 to 1:3,000 deliveries. Between 0.5 and 1.0% of 
cases of HL present coincident with pregnancy, which 
leads to the problem of optimally managing the lym-
phoma while giving the developing fetus the best 
chance of reaching term fully intact. Essentially, two 
patients need to be managed: one with lymphoma and 
the other without but affected by the toxicity of any 
treatments. The potentially life-threatening nature of 
HL diagnosis induces fear and anxiety in the pregnant 
patient and therapeutic decisions must be made in a 
complex milieu mixing the religious, ethical, psycho-
logical, social and cultural beliefs, and attitudes of the 
patient, her family, and her physicians. When HL is 
diagnosed during pregnancy, much of the discussion 
requires that the advising clinician balance provision 
of expertise and knowledge about treatment options 
and prognosis with respect for ethical principles, com-
passion, and acceptance of patient autonomy.

Fortunately, when HL is discovered during preg-
nancy, it is almost always possible to control the lym-
phoma and allow the pregnancy to go to full term. A 
multidisciplinary team composed of a hemato-oncolo-
gist knowledgeable in the treatment of HL, an obstetri-
cian experienced in the management of high-risk 
pregnancy, a pediatrician/neonatologist familiar with 
hematologic problems in the neonate, and a nurse 
coordinator must work together closely to plan the 
overall management (Table  16.1 and 16.2). High-
quality clinical evidence identifying the best approach 
to management of coincident HL and pregnancy is 
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limited. Decision making must therefore be guided by 
a judicious mix of careful clinical judgment, the expe-
rience of involved team members, knowledge of the 
usual natural history of HL, and consideration of the 
patient’s personal beliefs and desires [2–4].

16.2 � Diagnostic Algorithm for HL 
Staging During Pregnancy

When planning the diagnostic evaluation of HL in a 
pregnant patient, one has to balance the need for accu-
rate disease assessment with the need to minimize the 
use of invasive procedures. The histopathologic diag-
nosis of HL should be based on tissue examination 
obtained by excisional or incisional tissue biopsy. Fine 

Obstetrician Often makes the diagnosis, referral to heme/onc
Provides experience in high-risk pregnancies (prenatal care in patients with active 
malignancy)
Makes primary decisions regarding pregnancy
Counsels the patient if pregnancy termination is recommended by the team
Establishes the timing and method of delivery
Administers antenatal steroids if appropriate
Counsels about effective postpartum contraception methods for a minimum of 2 years 
after conclusion of HL treatment (greatest risk of relapse)

Hematologist/medical oncologist Plans the diagnostic work-up and staging methods to minimize the adverse  
effects on fetus
Coordinates with other team members to establish plan of care
Administers the chemotherapy if deemed necessary
Provides supportive care for patients treated with chemotherapy to keep Hgb³10 g/dL 
and platelet count ³30 × 109/L
Reviews safety of medications used for supportive care during pregnancy
Coordinates delivery planning and chemotherapy administration to ensure that platelet 
count is ³50 × 109/L at the time of delivery
Provides oncology follow-up after delivery to complete appropriate staging and 
treatments
Provides oncologic follow-up to monitor for relapse

Neonatologist Relies on prior experience in high-risk pregnancies
Provides expertise in management of childhood hematologic disorders
Examines placenta and arranges histopathologic evaluation for presence of metastasis
Coordinates postnatal care of the newborn
Registers the newborn in central registry of children born to pregnant  
mothers with HL
Counsels about breastfeeding
Schedules long-term follow-up of newborn

Nurse coordinator Coordinates communication among the specialists
Encourages close communication with the patient
Provides emotional support to the patient and family

Table 16.1  Characteristics of the multidisciplinary team for treatment of a pregnant patient with concomitant HL

Diagnosis, natural history of HL, curability, and prognosis

Staging and prognostic significance

Lack of evidence that HL by itself has an adverse effect on 
pregnancy or fetus

Option of terminating pregnancy for patients with early 
gestation

Treatment choices

Chemotherapy agents and associated side-effects and risks 
(vinblastine, ABVD) for mother and fetus

Expected outcomes

Need for multidisciplinary team to manage the patient

Discussions regarding patients preference, values, and ethical 
considerations

Table  16.2  Counseling the pregnant patient with coincident 
HL – points of discussion
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needle aspiration is inadequate in most cases. The ini-
tial evaluation should include a complete history and 
physical examination with careful documentation of 
B-symptoms (Table 16.3). Thorough palpation of all 
node-bearing areas should be performed. Standard 
laboratory tests should include hemoglobin, complete 
differential white blood cell count, platelet count, 
erythrocyte sedimentation rate, liver and renal function 
assessment, and lactate dehydrogenase. It is important 
to recall that pregnancy can affect the results of some 
of these tests (e.g., ESR, alkaline phosphatase) compli-
cating interpretation.

In contrast to the imaging assessment of the usual 
patient with HL, which is designed to comprehensively 
characterize all sites of disease, the guiding principle 
in the pregnant patient is to restrict radiologic staging 
to the minimum necessary to identify disease that seri-
ously threatens the immediate well-being of mother or 
child. Limiting radiation exposure to the fetus is criti-
cal, especially during early stages of gestation. 
Computed tomography (CT) and positron emission 
tomography (PET) scans should be avoided. A single 
postero-anterior radiograph of the chest, with proper 
shielding, should be obtained to characterize the extent 
of mediastinal and pulmonary disease. Abdominal 
ultrasonography can identify the extent and size of ret-
roperitoneal nodal disease with sufficient detail for 
proper management [3]. Magnetic resonance imaging 
(MRI) without use of gadolinium can also be used and 
is, at least theoretically, free of potential toxicity to the 
fetus [5]; however, the amount of detail provided in 
excess of what can be found with ultrasonography is 

unnecessary and the safety of the intensive magnetic 
fields required is not fully established.

Additional specific assessments can be helpful. 
Bone marrow biopsy is recommended for patients with 
B symptoms or abnormalities found in peripheral 
blood such as anemia, thrombocytopenia, or leucope-
nia (Table 16.3). Patients with upper cervical lymph-
adenopathy should undergo focused otolaryngologic 
examination. Echocardiography may be used to assess 
left ventricular function if chemotherapy is planned. 
Other tests should only be performed if decisions 
regarding immediate management would be influ-
enced. The goal of clinical and radiologic staging is to 
provide guidance about disease aggressiveness, to 
explain specific symptoms such as cough or pain, and 
to identify organ compromise, all clues that may indi-
cate the need to initiate treatment without delay.

16.3 � Treatment

16.3.1  General Principles

The complexity of issues involved in caring for a preg-
nant patient with HL requires a multidisciplinary team 
of experts working together to develop an individual-
ized management plan. What little we know about man-
aging pregnant HL patients comes from several small 
series of cases and anecdotal descriptions. However, 
this limited evidence can provide useful guidance when 

Complete history searching for B symptoms or other symptomatic problems suggesting more advanced disease

Physical examination for lymphadenopathy or organomegaly

Complete blood cell counts

Serum creatinine, alkaline phosphatase, lactate dehydrogenase, bilirubin, and protein electrophoresis ( including albumin level)

Chest radiograph, PA view only, with appropriate shielding

Abdominal ultrasound for retroperitoneal lymphadenopathy

Certain tests are only required for specific HL presentations

Test Presentation/condition

Bone marrow biopsy B symptoms or WBC <4.0 × 109/L or Hgb <12 g/dL or platelets 
<125 × 109/L

ENT examination Stage IA or IIA disease with upper cervical lymph node involvement 
(supra-hyoid)

Table 16.3  Tests required for staging of HL discovered during pregnancy
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complemented by careful clinical judgment and knowl-
edge of the natural history of HL. The clinical dilemma 
lies in determining the effect of treatment delay on 
maternal survival vs. the risk of abortion, fetal malfor-
mation, and adverse perinatal outcomes associated with 
the use of chemotherapy and radiotherapy. Continuous 
communication with the patient and her family is crucial 
to ensure understanding and alleviate anxiety and fear.

Available recent evidence suggests that pregnancy 
itself does not affect the course of disease, response to 
therapy, or the overall survival rate when compared 
with age- and stage-equivalent nonpregnant controls 
[6, 7]. In addition, some reports found no difference in 
survival among women who had therapeutic abortion 
in comparison to those who did not [8, 9]. It has also 
been suggested by several authors that HL by itself 
does not appear to have an adverse effect on the course 
of pregnancy, the product of conception, labor, or 

puerperium [10, 11]. Therefore, therapeutic abortion is 
not necessary to assure the best prognosis.

The majority of patients with HL during pregnancy 
require no immediate intervention. As a general rule, 
any treatment, such as radiation or chemotherapy, should 
be avoided during the first trimester unless severe, life-
threatening symptoms are present (Fig.  16.1). Almost 
all chemotherapy agents have been documented to be 
teratogenic in animals or humans, although for some 
drugs only experimental data exist. Chemotherapy dur-
ing the first trimester may increase the risk of spontane-
ous abortion, fetal death, and major malformation; the 
fetus is extremely vulnerable from the second to the 
eighth week of gestation during which time organo-
genesis occurs. Even after primary organogenesis sev-
eral organs including the eyes, genitalia, hematopoietic 
system, and central nervous system remain vulner-
able to chemotherapy and radiation therapy. Although 

Diagnosis of Hodgkin lymphoma

First trimester Second, third trimester

Defer treatment with
close observation 

Progressive/symptomatic HL

Treatment with
Single agent vinblastine
until delivery 

If progression
despite vinblastine
treat with ABVD
after end of first
trimester  

Symptomatic, life-
threatening HL 

Consider
pregnancy
termination  

Single agent
vinblastine, deferred
until after end of first
trimester if safe for
patient, escalating to
ABVD if necessary

If unacceptable
for patient  

Asymptomatic,

Fig. 16.1  Suggested algorithm for the 
treatment for pregnancy-associated 
Hodgkin lymphoma (HL)
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generally unnecessary, the option of pregnancy termina-
tion needs to be considered for the rare patient whose 
first trimester is complicated by severely symptomatic 
or life-threatening disease, where the need for immedi-
ate chemotherapy may affect fetal development. Much 
more often, if intervention is required, especially after 
the first trimester, selected patients can be treated with 
single-agent or modified multiagent chemotherapy regi-
mens, which have been used frequently in the second 
and third trimester with favorable outcomes for both 
mother and newborn [3, 4].

16.3.2 � Early Stage HL  
in the Pregnant Patient

Over 70% of HL patients diagnosed during pregnancy 
have stage IA or IIA disease and are asymptomatic or 
minimally symptomatic. These patients require close 
monitoring and can often be followed through the 
entire pregnancy without treatment, which can be 
reserved for the development of severe symptoms or 
organ compromise. More than 50% of such patients 
can continue the pregnancy to term without any treat-
ment for the lymphoma. This approach has been dem-
onstrated to be safe in small case series such as those 
from Stanford (17 patients) and Royal Mardsen 
Hospital (19 patients) [12, 13]. Patients with stage 
IA−IIA HL with localized or stable disease can have 
chemotherapy safely deferred until normal full-term 
delivery after which they can complete appropriate 
staging and initiate treatment. In the more recent stud-
ies performed to date, with some of the HL patients 
opting to delay treatment until after delivery, there 
does not seem to be significant difference in birth 
weight, mean gestational age, or method or delivery 
compared to products of normal pregnancies [6, 11].

For symptomatic patients with upper body stage IB or 
IIB HL or patients with respiratory symptoms due to 
enlarging mediastinal masses, some authorities have rec-
ommended irradiation with special shielding [6, 8, 14, 
15]. If the total dose of scatter irradiation to the fetus is 
less than 10 cGy, the risk to fetal development appears to 
be minimized [16]. The inverted Y field is not an option at 
any time during pregnancy. Anecdotally, mantle and 
upper para-aortic abdominal radiotherapy have been used 
successfully with meticulous shielding until the third tri-
mester of pregnancy when the uterus starts to impinge on 

the field. Estimates of radiation exposure to the fetus using 
this modality are typically less than 15 cGy [17]. However, 
use of any therapeutic radiation during pregnancy may 
have deleterious effects on the fetus due to direct or scat-
ter irradiation, which may not be evident until many years 
later. For example, a known risk for the fetus from radia-
tion in the second half of gestation is acquisition of blood 
dyscrasias or leukemia later in life [18].

Because radiation unnecessarily endangers the 
fetus, a better choice is systemic chemotherapy. What 
little is known about the effects of chemotherapy is 
drawn from several small clinical series and anecdotal 
descriptions [6–8, 11, 13, 15, 19, 20]. Single-agent vin-
blastine used in monotherapy appears to be a preferred 
agent if an early stage HL patient requires treatment 
because it does not cross the placenta and has been 
safely used in patients in all trimesters [8, 21–23].

16.3.3 � Use of Chemotherapy  
for Symptomatic or Advanced 
Stage HL in the Pregnant Patient

Management of HL with bulky disease, visceral involve-
ment, B symptoms, sub-diaphragmatic disease, or rapid 
disease progression remains controversial. Limited data 
have been reported on the use of standard multidrug 
regimens for the treatment of advanced stage HL in 
pregnant patients. MOPP or MOP (mechlorethamine, 
vincristine, prednisone with or without procarbazine) 
and cyclophosphamide as single agent or in combina-
tion appear to increase the risk of spontaneous abortion 
and fetal malformations, especially if administered dur-
ing the first or second trimester of pregnancy [6, 7, 12, 
13, 19, 20]. Based on these observations and the known 
carcinogenicity and teratogenicity of alkylating agents 
such as mechlorethamine, cyclophosphamide, procar-
bazine, and chlorambucil, this class of agents should be 
avoided. On the other hand, ABVD (doxorubicin, bleo-
mycin, vinblastine, and dacarbazine) has been used dur-
ing pregnancy, and the limited experience that has been 
reported has not identified obvious negative effects on 
the fetus, although the number of patients is still quite 
small and whether the trimester of exposure is important 
is unclear [15, 19, 24]. Recent reports suggest that 
ABVD used even in first trimester for patients with 
HIV-associated HL may be associated with favorable 
outcomes for the patient and fetus [25, 26].
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Rather than expose the fetus to the potential adverse 
effects of multiple agents, an alternative approach using 
single-agent chemotherapy should be considered for 
symptomatic disease. Vinblastine was first described for 
this use more than 40 years ago [21, 27] and is a particu-
larly attractive agent because of its high level of effec-
tiveness against HL in treatment-naïve patients (>75% 
response rate) and modest acute toxicity. Although 
teratogenic effects have been reported in mice, neither 
teratogenic nor carcinogenic effects are apparent in 
humans at doses therapeutic for lymphoma. The combi-
nation of a high level of effectiveness, minimal acute 
toxicity, and low likelihood of a negative effect on the 
fetus make vinblastine an attractive agent to suppress 
HL during pregnancy. Infrequent doses at intervals of 
several weeks or longer can be given to control HL until 
delivery at term, minimizing risks to mother and child. 
Progression despite vinblastine, which occurs quite 
infrequently, should be treated with full-dose ABVD 
because evidence of chemotherapy resistance signifies 
aggressive disease requiring multiagent chemotherapy. 
Standard dosing of 6 mg/m2 is quite unlikely to cause 
significant myelosuppression, but careful timing to 
avoid a blood cell count nadir near delivery is prudent.

We have managed 17 pregnant patients with coinci-
dent HL at the British Columbia Cancer Agency over the 
past 21 years using the approach described above. Eleven 
patients remained off treatment through term delivery 
and 6 required vinblastine to control disease. Thirteen of 
the 17 patients are still alive and well and 4 have died, 2 
from HL and 1 each from acute myeloid leukemia and a 
retroperitoneal sarcoma. All 17 delivered normal chil-
dren who now range in age from 2 to 21 years (median 
15). Although these children have not been systemati-
cally assessed, no overt abnormality has become appar-
ent [3]. Management built around conservative use of 
single-agent vinblastine has allowed normal term deliv-
ery of the children and effective management of the 
mother’s HL with a minimum of psychological stress 
and appears to be a reasonable approach to this rare 
problem of coincident pregnancy and HL.

16.3.4 � Supportive Care

Attention to symptom control is important for the well-
being of a pregnant patient who requires chemotherapy. 
Vinblastine, as a single agent, is usually well tolerated 
and is not emetogenic. For multiagent programs, such 

as ABVD, the standard anti-nausea drugs – such as ond-
ansteron or its derivatives, metoclopramide and loraze-
pam – are pregnancy category B agents with no known 
associated risks to fetal development. Dexamethasone 
has been linked to increased risk of fetal encepalo-leu-
comalacia and should not be routinely used. Given the 
potential for neutropenia with systemic chemotherapy, 
pregnant women with HL may require a course of 
antibiotics. Three groups of antibiotics that should be 
avoided are quinolones, sulfonamides, and tetracyclines. 
Quinolone use has been connected to the development of 
arthropathy in growing cartilage and is contraindicated 
for children. Sulfonamides, like other folate antagonists, 
have been associated with neural tube defects and car-
diac malformations and should be avoided when pos-
sible. Tetracycline and its derivatives may affect bone 
and teeth development. Experience with treatment of 
neutropenia with growth factors such as filgrastim is 
limited, but no teratogenic effects have been reported. 
The common principle for pharmacological manage-
ment during pregnancy is to use minimal effective doses 
to ameliorate the side-effect or symptoms and incorpo-
rate behavioral and nonpharmacological techniques to 
improve quality of life.

16.4 � Delivery Care Planning and 
Postpartum Chemotherapy

One of the important considerations in the overall 
management of the pregnant patient with HL is to 
establish the timing and the mode of delivery. If HL 
therapy was deferred, then gestation should be allowed 
to progress to full term. If necessary, delivery may be 
induced after fetal pulmonary maturation is ensured, at 
least beyond 34–36 weeks of gestation. Short-course 
antenatal corticosteroids are frequently administered 
to expedite fetal lung maturity, and amniocentesis can 
be performed to assess the response [28].

Patients who have been able to complete the preg-
nancy without treatment for the lymphoma can be 
fully staged and treated appropriately after delivery. 
Most authorities strongly recommend against nursing 
due to variable excretion of cytotoxic drugs into the 
breast milk. For patients with HL who received che-
motherapy during the third trimester, consideration 
should be given to planning the delivery 3–4 weeks 
following the last treatment cycle to allow bone mar-
row recovery. Furthermore, neonates have limited 
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capacity to metabolize and excrete drugs due to liver 
and renal immaturity, and postponing the delivery will 
allow fetal elimination via the placenta. Patients who 
required vinblastine or other chemotherapy can no lon-
ger be accurately staged and therefore should be treated 
with a full course of 6–8 cycles of multiagent chemo-
therapy. Pathologic examination of the placenta should 
be performed after birth because this has been a site of 
documented, albeit exceedingly rare, metastases [29].

16.5 � Outcomes of Children Born  
to Patients with HL

Although there are limited data on the effects of in vivo 
exposure to multiagent drugs using ABVD, it appears 
that this regimen has no adverse effects on the status of 
newborn babies at the time of birth. Few studies, how-
ever, have evaluated subsequent growth and develop-
ment. Aviles reported 84 such children, 36 of which 
were exposed to chemotherapy in the first trimester and 
27 of which were born to a mother with HL [30]. 
Children were examined for physical health; growth; 
development; and hematological, cytogenetic, neuro-
logical, psychological, and learning disorders and occur-
rence of cancer or acute leukemia. In all of the children 
studied, including the 12 second-generation children 
and median follow-up of 18.7 years, the birth weight 
was normal; learning and educational performance were 
normal; and no congenital, neurological, or psychologi-
cal abnormalities were observed, and no cancer or acute 
leukemia has been observed. These results suggest that 
chemotherapy to treat HL at full doses can be consid-
ered, even during the first trimester, if the clinical situa-
tion requires immediate intervention.

16.6 � Survival of HL Patients  
with Concurrent Pregnancy

The reciprocal influence of pregnancy on the natural 
history and prognosis of HL has long been debated. 
Two case-control comparative studies have system-
atically analyzed this question. In an Italian study, 21 
pregnant patients were treated with radiation therapy 
(stage IA–IIA), MOPP chemotherapy, or their com-
bination. Treatment was often delayed, interrupted, 
or discontinued and then completed after delivery. 

Patients presented with similar clinical characteristics 
and stage distribution and similar survival at 5 and 
12 years compared to 155 contemporaneous age- and 
stage-matched nonpregnant controls [7]. Lishner et al. 
reported similar 20-year survival rates for 48 preg-
nant females with HL in comparison to nonpregnant 
matched women with similar stage of disease, age, and 
year of treatment [6]. In both studies, pregnancy did 
not seem to induce a higher HL relapse rate.

16.7 � Conclusions

Diagnosis of HL during pregnancy represents a unique 
clinical situation, where the expectant mother’s life is 
endangered by malignant disease, albeit highly curable 
under standard circumstances. Treatment of HL, gen-
erally safe and highly effective, may seriously distress 
the development and vitality of the fetus. 
Multidisciplinary care should always involve the 
mother, the fetus, and the family during the pregnancy 
and long term follow-up is advisable. If possible, che-
motherapy should be avoided in the first trimester and 
pregnancy should be carried to term. When the clinical 
course requires intervention, we recommend chemo-
therapy with single-agent vinblastine with intent to 
stabilize the disease. For symptomatic HL resistant to 
control with single-agent vinblastine, ABVD is the 
multiagent regimen of choice; its use appears to be 
safe for fetal development when used in any trimester; 
however even in aggregate, the reported cases are few 
and moderate levels of delayed toxicity in the child 
may well have been missed suggesting particular cau-
tion during the first trimester. Continued efforts to col-
lect data on all HL patients who elect to continue 
coincidental pregnancy and establishment of a central 
registry of children born to HL patients would be of 
great value to capture long-term effects on both mother 
and child and inform broader recommendations.
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17.1 � Introduction

Since 1996, the availability of highly active antiretro-
viral therapy (HAART) has led to improvements in 
immune status among HIV-infected persons, reducing 
AIDS-related morbidity, and prolonging survival. 
However, despite the impact of HAART on HIV-related 
mortality, malignancies remain an important cause of 
death in the current era [1, 2]. The use of HAART was 
also associated with reduced incidence of the two 
major AIDS-associated malignancies – Kaposi’s sar-
coma (KS) and high-grade non-Hodgkin lymphoma 
(NHL) [3]. However, among non-AIDS-defining can-
cers, an increased risk of Hodgkin lymphoma (HL), 
anal cancer, lung cancer and hepatocarcinoma has been 
observed recently [4].

HIV-associated HL (HIV-HL) displays several pecu-
liarities when compared with HL of the general popula-
tion. First, HIV-HL exhibits an unusually aggressive 
clinical behavior, which mandates the use of specific 
therapeutic strategies and is associated with a poor 
prognosis. Second, the pathologic spectrum of HIV-HL 
differs markedly from that of HL in the general popula-
tion [5, 6]. In particular, the aggressive histological 
subtypes of classic HL (cHL), namely mixed cellular-
ity (MC) and lymphocyte depletion (LD), predominate 
among HIV-HL and the tumor tissue is characterized 
by an unusually large proportion of neoplastic cells, 
termed Reed–Sternberg (RS) cells [5]. Finally, despite 
the great improvement in chemotherapy and support-
ive care, optimal staging and treatment is still a matter 
of controversy.
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17.2 � Epidemiology

In the HIV-negative population of Western countries, 
HL is one of the most common malignancies diag-
nosed in young adults with 6 cases per 100,000 inhab-
itants under 45 years of age occurring each year [7], 
even if an increase in incidence rate in the last decade 
has been observed [8]. The epidemiology of HL is 
characterized by a peculiar age distribution pattern – a 
bimodal incidence curve with a first peak around the 
age of 30 and the second peak around the age of 50 
years – that has been taken as suggestive of an infec-
tious etiology.

In immune-suppressed patients, HL occurs more fre-
quently than in the general population of the same age 
and gender. Given the relative high frequency of HL in 
the population groups at high risk for HIV infection, 
epidemiological studies conducted during the first years 
of the HIV epidemic in North America and in Europe 
had difficulties in including HL in the spectrum of HIV-
associated cancers. However, with the spread of the epi-
demic and longer survival of infected people, the impact 
of HL could be better recognized. A summary of epide-
miological studies that assess the HL risk of HIV-
positive people is reported in Table  17.1. All studies  
[4, 9–20] strongly support the evidence that HIV-
infected persons have, overall, a tenfold higher risk of 
developing HL than HIV-negative persons. Such an 
excess risk is more pronounced in HIV-infected indi-
viduals with moderate immune suppression, where the 
MC type is more frequent, and, noteworthy, is in sharp 
contrast with the pattern observed for KS or NHL [4]. 
Thus, the epidemiological pattern of HL in the HAART 
era substantially differs from those observed for KS or 
NHL – two neoplasms which drastically decreased after 
the introduction of HAART – and pose several new 
questions with regard to the relationship between degree 
of immunodeficiency, persistent viral infections, and 
cancer. Of some interest is the recent observation of 
Powles et al. who investigated the occurrence of cancers 
in a prospective cohort of 11,112 HIV-positive individu-
als, with 71,687 patient-years of follow-up [21].

Standardized incidence ratios (SIRs) were calcu-
lated using general population incidence data. The inci-
dence of HL in the HIV cohort was higher than in the 
general population (SIR 13.85; 95% CI, 9.64–19.26). 
There was a significant increase in the SIRs across the 
three study periods (1983–1995: 4.5; 1996–2001: 11.1 

and 2002–2007: 32.4). Multivariate analysis demon-
strated that HAART was associated with an increased 
risk of disease (SIR 2.67; 95% CI, 1.19–6.02). Further 
multivariate modeling by class of antiretroviral agent 
showed that of the three classes of antiretroviral ther-
apy, only the non-nucleoside reverse transcriptase 
inhibitors were associated with a significant increase in 
the incidence of HIV-HL (HR 2.20; 95% CI, 1.03–
4.69). This might be explained because the risk of HL 
peaks when CD4 counts range from 150 to 199 CD4 
cells/µL [4]. As the overall effect of HAART is to 
increase the CD4 count level, it paradoxically increases 
HL incidence, leading to speculate that, with severe 
immune suppression, the cellular background surround-
ing the RS cells may be altered. A potential mechanism 
emphasizes the role of the RS cells producing several 
growth factors that increased the influx of CD4 cell and 
inflammatory cells, which, in turn, provide prolifera-
tion signals for the RS neoplastic cells. One can imag-
ine that in the case of severe immune suppression, 
leading to an unfavorable milieu, the progression of the 
RS neoplastic cells can be compromised [22–24]. In 
addition, HIV-HL is EBV-associated in almost all cases, 
in contrast to what is observed in the general popula-
tion, in which this association is only observed in 
20–50% according to histological type and age at diag-
nosis [25]. Usurpation of physiologically relevant path-
ways by EBV-encoded latent membrane protein 1 
(LMP1) may lead to the simultaneous or sequential 
activation of signaling pathways involved in the promo-
tion of cell activation, growth, and survival, contribut-
ing thus to most of the features of HIV-HL. Whether 
this change affects its categorization as HL or whether 
it delays HL development is unknown.

In summary, HAART use has improved immunity 
of HIV-infected persons, diminishing the risks of 
developing other cancers or other opportunistic infec-
tions, and paradoxically increasing the risk of HL.

17.3 � Pathological Features

HIV-HL displays different pathological features in 
comparison with those of HL in HIV-negative 
patients [5]. In fact, HIV-HL is characterized by the 
high incidence of unfavorable histological subtypes 
(i.e., MC and LD) [5, 6]. In the pre-HAART era, 
among HIV-infected persons, MC was the most 
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First author/
publication year

Study 
period

Country Main results

Biggar 1987 [9] 1973–1984 United States Analysis of changes in the risk of malignancies from 1973 to 1978 
through 1984 in never married men (a surrogate group of homosexual 
men) in high- or low-risk areas for AIDS. A non-significant (p = 0.13) 
excess risk for HL was noted

Hessol 1992 [10] 1978–1989 United States Cohort study of 6,704 HIV-positive homosexual men. This was the first 
study to demonstrate a statistically significant excess risk for HL in 
HIV-positive persons (RR = 5.0, 95% CI: 2.0–10.3)

Serraino 1993 [11] 1985–1992 Italy Use of a clinical case series to compare the distributions of HL types 
between HIV-positive and HIV-negative persons. The findings put in 
evidence a fourfold increase of the mixed cellularity (MC) type and a 
12-fold increase of the lymphocyte depletion (LD) type in HIV-positives

Serraino 1997 [12] 1985–1995 Italy Cohort study on 1,255 HIV-positive persons with known date of seroconver-
sion. First observation, based on only three observed cases, of an excess HL 
risk of nearly tenfold (95% CI: 8–111) in Europe

Franceschi 1998 [13] 1985–1993 Italy Record linkage of the National AIDS registry with population-based 
cancer registries. The increased HL risk was confirmed (RR = 8.9, 95% 
CI: 4.4–16.0) by means of a higher number of observed HL cases

International 
Collaboration on 
HIV and Cancer 
2000 [14]

1985–1999 Australia, 
Europe, and 
United States

Cancer incidence data collected from 23 studies that followed-up 47,936 
persons with HIV infection. One of the first and largest evaluations of the 
impact of highly active antiretroviral therapy (HAART) on the spectrum 
of HIV-associated cancers. With regard to HL, this meta-analysis found 
no difference in incidence rates before (1992–1996) or after (1997–1999) 
the use of HAART (RR = 0.8, 95% CI: 0.3–1.9)

Gruilich 2002 [15] 1985–1999 Australia This record linkage study of HIV, AIDS, and cancer registries confirmed, 
in Australia, the excess risk for HL (RR = 7.8, 95% CI: 4.4–13.0) 
previously noted in the United States and Europe

Dal Maso 2003 [16] 1985–1998 Italy Update of the record linkage study between the national AIDS registry 
and population-based cancer registries. After 5 years, the relative risk 
nearly doubled (RR = 16.2, 95% CI: 11.8–21.7)

Herida 2003 [17] 1992–1999 France Evaluation of HL risk of 77,025 HIV-positive persons during pre- and 
post-HAART periods, as compared to the general population of France of 
the same age and sex. HL risk seemed higher in the post-HAART 
(RR = 31.7) period than in the pre-HAART (RR = 22.8) one

Clifford 2005 [18] 1985–2003 Switzerland Record linkage between the Swiss HIV Cohort and cancer registries. As 
seen in France, the findings of the study pointed to a higher risk for HL in 
HIV-positive persons treated with HAART (RR = 36.2), as compared to 
those who were never treated (RR = 11.4)

Biggar 2006 [4] 1991–2002 United States The study focused on the relationship between degree of immune 
suppression and risk of HL. The findings indicated that incidence rates 
increased with increasing number of CD4+ cells in HIV-positive persons 
treated with HAART

Serraino 2007 [19] 1985–2005 France and 
Italy

Cohort study of 8,074 HIV-positive persons: the risk of HL did not 
significantly vary between those treated (RR = 9.4) or not treated 
(RR = 11.1) with HAART before HL occurrence

Engels 2008 [20] 1991–2002 United States Record linkage study of 57,350 HIV-infected persons recruited from 1991 
to 2002 with cancer registries. Whereas the incidence of KS and of NHL 
declined over time, that of HL increased (RR = 2.7, 95% CI: 1.0–7.1, 
1996–2002 vs. 1991–1995). The study findings pointed to a shift in the 
spectrum of cancers associated with HIV infection determined by 
HAART treatment

Table 17.1  Main results reported from epidemiological studies on HL risk among HIV-infected individuals
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frequent HL subtype and nodular sclerosis (NS) was 
less frequent than in HIV-uninfected persons. For each 
HL subtype, incidence decreased with declining CD4 
counts, but NS subtype decreased more precipitously 
than MC subtype, thereby increasing the proportion of 
MC subtype of HL seen in persons with HIV/AIDS. 
Thus, the greater proportion of MC and LD subtypes 
appears specifically related to severe immune compro-
mise in HIV, while in the HAART era HIV-infected 
patients with modest immune compromise are more at 
risk for development of the NS subtype [4].

HIV-HL exhibits special features related to the cel-
lular background (presence of fibrohistiocytoid stromal 
cell proliferation) and the high number of the neoplas-
tic cell, and both these features may pose relevant dif-
ficulties in diagnosing and classifying the disease 
(Fig. 17.1). This finding contrasts with the rather low 
population of neoplastic cells usually found in HIV-
unrelated HL [5, 26]. Moreover, a high frequency of 
EBV association has been shown in HL (80–100%) 
tissues from HIV-HL [27, 28]. The EBV genomes in 
such cases have been reported to be episomal and 
clonal, even when detected in multiple independent 
lesions. The elevated frequency of EBV association 
with HIV-HL indicates that EBV probably does repre-
sent a relevant factor involved in the pathogenesis of 
HIV-HL. An etiologic role of EBV in the pathogenesis 
of HIV-HL is further supported by data showing that 
LMP-1 is expressed in virtually all HIV-HL cases [5, 
26–29]. On these bases, HL in HIV-infected persons 
appears to be an EBV-related lymphoma expressing 
LMP1 (Fig. 17.2).

Finally, RS cells of classical HL of HIV-negative 
patients represent transformed B-cells that originate 
from pre-apoptotic germinal center (GC) B-cells [30]. 
Most HIV-related HL cases express LMP1 and display 
the BCL6−/CD138+/MUM1 IRF4+ (for Multiple 
Myeloma-1 Interferon Regulatory Factor-4) pheno-
type, thus reflecting post-GC B cells [27, 30]. The pos-
sible contribution of LMP1 to the loss of BCL6 
expression seems plausible given that LMP1 can 
downregulate many B-cell specific genes [31]. Loss of 
B-cell identity occurs during the normal differentiation 
of a GC B-cell into plasma cell or memory B-cell.

17.4 � Clinical Aspects and Treatment

Similarly to that observed in HIV-NHL, one of the 
most peculiar features of HIV-HL is the widespread 
extent of the disease at presentation and the fre-
quency of systemic “B” symptoms, including fever, 
night sweats, and/or weight loss >10% of the normal 
body weight. At the time of diagnosis 70–96% of 
the patients have “B” symptoms and 74–92% have 
advanced stages of disease with frequent involvement 
of extranodal sites, the most common being bone mar-
row (40–50%), liver (15–40%), and spleen (around 
20%) [6, 32–34]. HIV-HL tends to develop as an 
earlier manifestation of HIV infection with higher 
median CD4+ cell count, ranging from 275 to 306/mL  

Fig. 17.1  Reed–Sternberg (RS) cells of HIV-HL with polylobate 
nuclei and prominent nucleoli (H&E original magnification 25×)

Fig.  17.2  An RS positive for LMP-1. Immunostain with H 
counter stain (original magnification 25×)
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[6, 32–34]. The widespread use of HAART has resulted 
in substantial improvement in the survival of patients 
with HIV infection and lymphomas, due to the reduc-
tion of the incidence of opportunistic infections, to the 
opportunity to allow more aggressive chemotherapy, 
and to the less aggressive presentation of lymphoma in 
patients in HAART in comparison with those lympho-
mas that arise in patients who never received HAART  
[6, 32–35].

Within the Italian Cooperative Group on AIDS and 
Tumors (GICAT), we have collected data on 290 
patients with HIV-HL. Two hundred and eighty-one 
patients (87%) were males and the median age was 34 
years (range 19–72 years) and 69% of patients were 
intravenous drug users. The median CD4 cell count 
was 240/mL (range 4–1,100/mL) and 57% of patients 
had a detectable HIV viral load.

MC was diagnosed in 53% of cases, followed by 
NS in 24% and LD in 14%. Advanced stages of dis-
ease were observed in 79% of patients and 76% had B 
symptoms. The overall extranodal involvement was 
59% with bone marrow, spleen, and liver involved in 
38%, 30%, and 17% respectively. With the aim to 
evaluate the impact of HAART on clinical presenta-
tion and outcome of our patients, we split the series 
into two subgroups: in the first group we included 
those patients who received HAART since 6 months 
before the onset of HL (84 patients); in the second 
group we included those patients who never received 
HAART before the diagnosis of HL or less than 6 
months (206 patients). Briefly, in comparison to never 
experienced HAART, patients in HAART before the 
onset of HL are older, have less B symptoms, a higher 
leukocyte, neutrophil count, and hemoglobin level. 
The following parameters were associated with a bet-
ter overall survival (OS): MC subtype, the absence of 
extranodal involvement, the absence of B symptoms, 
and prior use of HAART. Interestingly, three param-
eters were associated with a better time to treatment 
failure: a normal value of alkaline phosphatase, prior 
exposure to HAART, and an international prognostic 
score (IPS) less than 3 [36]. Table 17.2 summarizes 
these data. A similar study was carried out within the 
Spanish group GESIDA where the authors compared 
the clinical characteristics and outcome of 104 
patients with HIV-HL, and treated (83 patients) or not 
(21 patients) with HAART. No differences were found 
between groups at baseline, but the complete remis-
sion (CR) rate was significantly higher in HAART 

group (91 vs. 70%, p = 0.023). The median OS was 
not reached in the HAART group and was 39 months 
in the no-HAART group (p = 0.0089); the median dis-
ease free survival (DFS) was not reached in the 
HAART group and was 85 months in the no-HAART 
group (p = 0.129). Factors independently associated 
with CR were a CD4 cell count >100 cells/mL and the 
use of HAART; CR was the only factor independently 
associated with OS [37].

Optimal therapy for HIV-HL has not been defined. 
Because most patients have advanced stages of dis-
ease, they have been treated with combination chemo-
therapy regimens but the CR rate remains lower than 
that of HL of the general population with the OS being 
approximately 1.5 years [6, 32–34]. Due to the low 
incidence of the disease, no randomized controlled tri-
als have been conducted in this setting. However, sev-
eral phase II studies have evaluated the feasibility and 
activity of different regimens. In a prospective trial, 
conducted within the GICAT between March 1989 and 
March 1992, 17 previously untreated patients with 

Characteristics Prior-
HAART 84 
patients (%)

HAART- 
naïve 206 
patients (%)

p value

Risk group
Intravenous  
drug users

45 72

Heterosexual 
contacts

30 13

Homosexual 
contacts

25 14 0.0002

Age, years
<30 5 47
31–40 46 40
>41 49 13 <0.0001
B symptoms 68 80 0.03

White blood cells
<4,000 30 51
>4,000 70 49 0.002

Neutrophil count
<2,500 33 54
>2,500 67 46 0.002

Hemoglobin level
<10.5 35 49
³10.5 65 51 0.03

Table 17.2  Clinical differences in 290 patients with HIV-HL 
according to prior HAART exposure
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HIV-HL were treated with epirubicin, vinblastine, and 
bleomycin (EVB). Overall, CR was achieved in 53% 
of the total group, lasting a median of 20 months. The 
median OS for the group as a whole was 11 months 
and the 2-year DFS was 55% [38]. In an attempt to 
improve upon these results, from 1993 to 1997, a sec-
ond prospective trial consisting of full-dose EVB plus 
prednisone (EVBP regimen) and concomitant antiret-
roviral therapy (zidovudine or didanosine) was con-
ducted. The results of this trial in which 35 patients 
were enrolled showed a CR rate of 74% and a 3-year 
OS and DFS of 32 and 53% respectively [39]. The 
AIDS Clinical Trials Group (ACTG) reported the 
results of a phase II study in 21 patients treated with 
ABVD chemotherapy for 4–6 cycles and primary use 
of G-CSF. Antiretroviral therapy was not used. The 
CR rate, on an intent to treat analysis, was 43% with an 
overall objective response rate of 62%. Median sur-
vival for all patients was 18 months [40]. Similar data 
have been reported in a small trial with only eight 
patients enrolled [41]. The widespread use of HAART 
allows the use of more aggressive chemotherapeutic 
regimens. We used the Stanford V regimen, consisting 
of short-term chemotherapy (12 weeks) with adjuvant 
radiotherapy. From May 1997 to October 2001, 59 
consecutive patients were treated in the framework of 
this prospective phase II study within the European 
Intergroup Study HL-HIV. Stanford V was well toler-
ated and 69% of the patients completed treatment with 
no dose reduction or delayed chemotherapy adminis-
tration. The most important dose-limiting side effects 
were bone marrow toxicity and neurotoxicity. Eighty-
one percent of the patients achieved a CR and after a 
median follow-up of 17 months 33/59 (56%) patients 
were alive and disease-free. The estimated 5-year OS, 
DFS, and freedom from progression (FFP) were 59, 
68, and 60%, respectively. Probability FFP was signifi-
cantly (p = 0.002) higher among patients with an IPS of 
<2 than in those with IPS >2, and the percentage of 
FFP at 2 years were 83 and 41%, respectively. Similarly, 
probability OS was significantly different (p = 0.0004), 
and the percentage of survival at 3 years were 76 and 
33%, respectively, for IPS <2 and IPS >2 [42]. Within 
the German group, the very intensive BEACOPP regi-
men has been tested in 12 untreated patients with a 
100% of CR rate but a high incidence of opportunistic 
infections [43]. Recently, the results of a large pro-
spective phase II study with ABVD have been pub-
lished. Within a cooperative network in Spain, 62 

patients with HIV-HL received the standard ABVD 
plus HAART. The scheduled six to eight ABVD cycles 
were completed in 82% of cases. Six patients died dur-
ing induction, 54 (87%) achieved a CR, and two were 
resistant. The 5-year OS and event-free survival (EFS) 
probabilities were 76 and 71%, respectively. The 
immunological response to HAART had a positive 
impact on OS (p = 0.002) and EFS (p = 0.001) [44]. 
Interestingly, there are some anecdotal cases of use of 
HAART with antineoplastic intent in HIV-NHL, espe-
cially in primary effusion lymphoma. Recently, a case 
of long-lasting response to HAART as the only therapy 
for HIV-HL has been reported, suggesting the possibil-
ity to use this approach in selected cases [45]. Finally, 
within the GICAT, we have recently concluded the 
accrual of 71 patients in a prospective phase II study 
aiming to evaluate the feasibility and activity of a novel 
regimen including epirubicin, bleomycin, vinorelbine, 
cyclophosphamide, and prednisone (VEBEP regimen). 
Seventy percent of patients had advanced stages of dis-
ease and 45% had an IPS >2. The CR was 67%, and 
2-year OS, DFS, TTF, and EFS were 69, 86, 59, and 
52%, respectively [46]. The results of the largest pro-
spective studies are shown in Table 17.3.

Because a large proportion of HIV-HL progresses 
and relapses, the use of high-dose chemotherapy and 
autologous stem cell transplantation (ASCT) has been 
tested in this setting. Several data from different 
groups, including the GICAT, have demonstrated the 
feasibility of this approach that can be considered the 
gold standard in a salvage setting [47–51]. Different 
conditioning regimens including total body irradiation 
or not have been tested. Recently, the AIDS Malignancy 
Consortium demonstrated in a multinstitutional trial 
that a regimen of a dose-reduced high-dose chemo-
therapy including cyclophosphamide and busulfan and 
ASCT was well tolerated and was associated with 
favorable DFS and OS probabilities for selected 
patients with HIV-associated NHL and HL [52].

17.5 � PET Scanning

Positron emission tomography using [18F]-fluoro-
2deoxy-d-glucose (FDG-PET) was first introduced in 
the management of lymphomas in the early 1990s. It is 
now recognized as an important tool for staging and 
treatment response assessment in HL and NHL [53, 54]. 
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Turning to predicting outcome, in HIV-negative patients, 
residual FDG-PET avidity after two cycles of ABVD 
has been shown to confer poor prognosis and, there-
fore, has been proposed to guide future therapy [55, 
56]. A negative PET scan after two cycles of ABVD 
predicted a 96% 2-year progression-free survival 
(PFS). Nearly 80% of the HL patients show a complete 
normalization of the PET scan after two courses of 
ABVD [54]. This phenomenon has been called “meta-
bolic CR” and can be explained by the peculiar archi-
tecture and organization of the neoplastic tissue, where 
only few, scattered neoplastic cells (accounting for less 
than 1% of the total cellular population) are surrounded 
by a population of non-neoplastic mononuclear bystander 
cells. The latter cells are probably responsible for the 
immortalization of Hodgkin and RS cells by stimulat-
ing cytokine production by other CD4+ lymphoid cells 
(paracrine loop) or by inducing cytokine production by 
the RS cells (autocrine loop) In cases presenting with 
bulky lesions at diagnosis, a negative early PET is 
often associated with a persisting bulky lesion of more 
or less unchanged size. The explanation might be that 
the chemotherapy switches off the production of 
chemokines by the activated lymphoid cells, as 
described for TARC (thymus and activation-related 
chemokine). The latter can be measured in the serum 
of HL patients and its level is correlated to the quality 
of treatment response: for patients in CR the levels are 
much lower than in patients with stable or progressing 
disease [57]. In contrast, PET scanning within the HIV 
framework can be problematic. Some preliminary report 
suggested FDG activity may correlate with detectable 
lymphoma [58, 59]. Although initial staging may not 

alter the treatment plan, it can provide additional infor-
mation, assess possible involvement of critical loca-
tion, and help foresee and possibly avoid further 
complications. However, experience with PET scan-
ning in the HIV-HL needs to be further studied. A 
baseline study is strongly mandatory, since early PET 
interpretation is based on a site-to-site comparison of 
FDG uptake both before and after chemotherapy. 
Pitfalls are numerous, and bring a particular challenge 
in these patients in whom HIV-associated immunode-
ficiency predisposes to infection, as does the use of 
aggressive immunosuppressive chemotherapy regi-
mens. PET imaging requires cautious reading and per-
tinent clinical correlation to avoid diagnosing benign 
disease as malignant, such as hypermetabolic foci seen 
in lung or esophagus, which are common sites of HIV- 
and/or chemotherapy-promoted infections. Nodal 
FDG uptake can be observed in lymphoma, various 
infections (e.g., Mycobacterium avium intracellulare, 
Mycobacterium tuberculosis, herpes simplex virus, 
among others), and AIDS-related malignancies such 
as Kaposi sarcoma. In addition, stimulation of bone 
marrow following treatment with granulocyte colony-
stimulating factors induces a striking increase in FDG 
uptake in bone marrow. To take into account the pos-
sibility of minimal residual uptake, a semiquantitative 
approach has recently been proposed for interim PET 
interpretation in the context of an international proto-
col for advanced-stage HL (Table 17.4).

Finally, PET is useful for an accurate initial staging 
and it should be recommended to monitor treatment 
response, because PET appears to have a prognostic 
value, since a negative scan always seems associated 

Regimen/reference Number of 
patients

Stage III–IV (%) Response rate (%) Complete remission 
(CR) rate (%)

Overall survival

EBV [38] 17 88 82 53 11 months

EBVP [39] 35 83 91 74 16 months

ABVD [40] 21 81 62 43 18 months

ABVD [41] 8 75 100 100 43.5 months

Stanford V [42] 59 71 89 81 59% at 5 years

BEACOPP [43] 12 92 100 100 75% at 3 years

ABVD [44] 62 100 87 87 76% at 5 years

VEBEP [46] 71 70 78 67 69% at 2 years

Table 17.3  Results of prospective studies in HIV-HL
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with a favorable outcome. Significance of residual 
uptake at sites of disease, however, needs further eval-
uation (e.g., biopsy). However, the use of FDG in the 
follow-up of HIV-HL patients who achieved CR can-
not routinely recommend and further studies are war-
ranted prior to any definite conclusion.

17.6 � Conclusions

The outcome of patients with HIV-HL has improved 
with better combined antineoplastic and antiretrovi-
ral approaches. The main important challenges for 
the next years are (a) to demonstrate in a randomized 
trial that ABVD is the standard regimen in an HIV 
setting; (b) to validate the role of PET scan both in 
the staging and in the evaluation of response; (c) to 
better understand the interactions between chemo-
therapy and antiretroviral therapy in order to reduce 
the toxicity of both approaches; (d) to evaluate the 
use of new drugs (i.e., bortezomib) in this setting; (e) 
to evaluate the long-term toxicity of the treatment in 
cured patients.
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18.1 � Introduction

The treatment of Hodgkin lymphoma (HL) has been 
substantially improved during the past decades. Using 
stage-adapted poly-chemotherapy regimens and inno-
vative radiation techniques, the 5-year progression-free 
survival (PFS) has reached almost 90% in young 
patients [1–3]. Since the median age at first diagnosis is 
around 32 years, these excellent results account for the 
majority of patients. Unfortunately, this progress did 
not translate into a major benefit for older patients, 
especially for advanced stage disease [4–8]. “Older 
age” is currently defined as age over 60 years, mainly 
due to the poor tolerability of aggressive chemotherapy 
regimens above the age of 60 years. Accordingly, these 
patients are often excluded from randomized controlled 
trials (RCTs). Thus, the percentage of older patients is 
underestimated using data from RCTs [9]. On the other 
hand, population studies estimate that patients over 60 
years account for a substantial proportion of patients in 
clinical practice, i.e., about 20% of the total HL popula-
tion [10]. Because only a few of them are being treated 
within clinical trials at all, a “standard of care” for this 
patient cohort has not been defined [11]. The lack of 
improvement in outcome for these patients will become 
an increasing problem, as the number of older people 
(over 65 years) will double during the next 50 years 
[12]. Malignant disorders in the elderly will become 
one of most important topics in oncology, and also the 
absolute number of older HL patients will increase. 
Obviously, there is an important and so far unmet med-
ical need to improve outcome for older HL patients, 
especially in advanced stages and for patients with 
comorbidity. In this chapter, we summarize the cur-
rently available data on the management of older 
patients with HL and address the particular issues that 
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should be incorporated into prospective studies in order 
to improve the outcome in the future [13].

18.2 � Epidemiology

In contrast to non-Hodgkin lymphomas (NHLs), the 
incidence of HL seems to be constant at 2–3 cases 
per 100,000 people in recent decades [14, 15]. The pre-
viously described bimodal age distribution with a first 
incidence peak around 30 years and a second around 50 
years cannot be detected any longer in more recent anal-
yses. This might be due to an improved hematopatho-
logic workup including immunohistochemistry and the 
close cooperation with reference pathologists in most 
study groups. As a result, many HL cases were reclassi-
fied as NHL (e.g., T-cell anaplastic large cell lymphoma, 
Ki-1 anaplastic lymphoma, or T-cell rich B-cell lym-
phoma) [16].

Since the majority of studies and RCTs have 
excluded older patients on the basis of age or fitness 
rating, only 5–10% of all patients included into RCTs 
are older than 60 years [5, 17, 18]. The most accurate 
assessments appear to come from population-based 
studies. Two Swedish studies covering the years from 
1979 to 1988 and from 1973 to 1994 showed a propor-
tion of 31 and 26% of HL patients older than 60 years, 
respectively [7, 19]. The Scotland and Newcastle 
Lymphoma Group (SNLG) data demonstrated that 

from 1979 to 2003, 624 (20%) of 3,373 patients regis-
tered on the population registry were over 60 years 
(see Fig. 18.1) [20]. For the registry period 1994–2003, 
399 of 1,701 patients were >60 years (23%) (see 
Fig.  18.1). This is a percentage confirmed in the 
Northern UK regional survey of elderly HL, where the 
age-specific incidence was 1.97/100,000 for patients 
aged 60–69 and 2.18/100,000 for patients aged 70 or 
older [10, 11]. The incidence is somewhat higher than 
that reported by trial study groups since the SNLG 
data is population-based and, therefore, likely to have 
fewer exclusions. An analysis of the British National 
Lymphoma Investigation Group (BNLI) found about 
15% of all HL patients older than 65 years, but only 
5% had been included in BNLI studies [18]. In addi-
tion, another recent study confirms the proportion of 
about 20% of older HL patients [10].

18.3 � Histopathology

With regard to the different patterns of histology sub-
types, the German Hodgkin Study Group (GHSG) has 
published a comprehensive retrospective review of 
elderly patients [5]. Mixed cellularity was more evi-
dent in elderly patients (35%) as compared with 
younger (19%) (p < 0.001). By contrast, nodular scle-
rosis was less frequent among elderly patients with 41 
vs. 66% in younger patients (p < 0.001). However, this 
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subtype still remains the most common in both groups. 
The remaining rare subtypes, lymphocyte predomi-
nant/lymphocyte rich, and lymphocyte depleted, were 
represented with the same frequency in elderly and 
younger patients.

Comparable results have been obtained in some 
smaller studies. A higher frequency of the mixed cel-
lularity subtype has also been reported by the Nebraska 
Study Group and the CALGB (The Cancer and 
Leukemia Group B) [6, 8, 17]. This difference in the 
incidence of mixed cellularity and nodular sclerotic 
subtypes, however, does not result in a different clini-
cal outcome in these elderly patients [10, 21].

Jarrett et  al. have drawn attention to the issue of 
Epstein–Barr virus (EBV) positivity in the Hodgkin 
and Reed–Sternberg (H-RS) cells at diagnosis [22]. 
EBV-associated disease was more often present in 
patients aged 50 years and older as compared to 
patients aged 15–34 years and 35–49 years. Importantly, 
EBV positivity was recognized as a poor prognostic 
factor for clinical outcome in patients over 50 years but 
not in the other groups [22]. The EBV-associated dis-
ease was also recognized as a negative prognostic fac-
tor by Stark et al. [10]. The EBV-positive status was 
also associated with advanced stage disease. It is spec-
ulated that such patients have failure of immune 
response to EBV and present with an enhanced state of 
immunodeficiency and hence more advanced stage 
disease [12]. The situation is reflected by the revised 
WHO (World Health Organization) classification of 
lymphomas that included a new entity for age-related 
Epstein−Barr virus–associated B-cell lymphoprolifer-
ative disorders (aEBVLPD). This disease group is 
characterized by EBV associated large B-cell lym-
phoma in the elderly without predisposing immunode-
ficiency. In about one-third of cases, aEBVLPD occurs 
as a polymorphous subtype with reactive cell-rich 
components, bearing a morphologic similarity to clas-
sic Hodgkin lymphoma (cHL), but shows an even 
poorer clinical course than cHL [23].

18.4 � Clinical Presentation

There are two registry-based publications on the clini-
cal presentation of older HL patients, both of them 
with a rather limited number of patients [7, 8]. In a 
study of Erdkamp et al. there were significantly more 

patients in stage II among younger patients (p < 0.001) 
[8]. Enblad et al. reported in their study more patients 
with advanced stages among elderly patients (p = 0.02) 
[7]. However, Stark et  al. describe more patients in 
early stages in patients aged >70 years as compared to 
those aged 60–69 years [10]. Taken together, these pub-
lications draw a very heterogeneous picture. However, 
the comprehensive analysis of elderly HL patients 
treated within clinical trials of the GHSG among 372 
patients aged ³60 years also found a significant differ-
ence in clinical stage with more pronounced incidence 
of the very early and very advanced stages in the elderly 
population [5]. This finding is accordance with the 
above cited studies.

With regard to the clinical symptoms, Erdkamp et al. 
report a trend for a higher number of patients over 50 
years presenting with B-symptoms [8]. In accordance with 
this report, a trend toward more patients suffering from 
B-symptoms was also detected by Enblad [7]. The GHSG 
analysis showed statistically significant more female 
patients, and more patients presenting with B-symptoms, 
elevated erythrocyte sedimentation rate, and a higher 
ECOG. Furthermore, there were less patients with large 
mediastinal mass and bulky disease as compared with 
3,879 patients aged <60 years. Additionally, the Nebraska 
Study Group described statistically significant more 
patients with poor performance status, with B-symptoms 
at diagnosis and less with bulky disease [6].

To summarize, compared to younger patients older 
patients with HL seem to present more often with 
B-symptoms, in a poorer performance status, but with 
less bulky disease. The stage distribution also is differ-
ent with more patients in very early or advanced stage 
disease and less patients in intermediate clinical stages.

18.5 � Age Issues Affecting  
Treatment and Outcome

18.5.1 � Comorbidity

It remains highly unlikely that only biologic and dis-
ease-associated factors are responsible for the unsatis-
factory outcome in older HL patients. Van Sprosen 
et al. analyzed 194 HL patients and 904 NHL patients 
registered between 1993 and 1996 with regard to their 
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age-specific comorbidities and the potential impact on 
the outcome. The most frequent comorbidity in the 
HL patient cohort was cardiovascular disease (18%), 
followed by chronic obstructive lung disease (13%), 
diabetes mellitus (10%), and hypertension (3%). Taken 
together, 56% of HL patients aged over 60 years suf-
fered from severe comorbidity. This finding was true for 
early and advanced stages. Accordingly, patients with 
severe comorbidity received less frequently systemic 
chemotherapy and had a poorer overall survival (OS) 
especially within the first 4 months after first diagnosis 
of the HL. This clearly indicates that the comorbidities 
do have an impact on the survival [24]. This analysis is 
in line with the report from Levis at al. who found 
comorbidities in 35% of 105 older HL patients treated 
with VEPEMB. A multivariate analysis of this cohort 
identified comorbidity as an independent prognostic fac-
tor for poorer survival [25]. Guinee et al. compared the 
outcome of patients aged 60–70 years and 40–59 years, 
respectively. They investigated the time period between 
1977 and 1983. As compared to the younger patients, 
the older patients had a twofold increased risk of dying 
due to HL, but even a fourfold increased risk of dying 
due to other reasons. Surprisingly, the response rates 
(RR) were not different between the two cohorts with an 
overall RR of 84% for the older patients and 88% for the 
younger patients [21]. To summarize the available data, 
comorbidity obviously is a major prognostic factor for 
the outcome of older patients with HL.

There are existing objective tools to assess comor-
bidity, one of which is described by the National Institute 
of Ageing/National Cancer Institute, designated ACE-
27 [26]. Such a system used by Janssen-Heijnen et al. in 
a population of NHL patients showed double the mor-
tality rate with high comorbidity, a finding that was con-
firmed by another report [27, 28]. There are several 
validated comorbidity scores for older patients available 
as reviewed elsewhere [29, 30]. Nonetheless, only the 
CIRS (Cumulative Illness Rating Scale) is currently 
being used for decision making in a cooperative study 
group (the German CLL Study Group) and no data are 
available for HL patients. This clearly indicates the 
urgent need to incorporate the assessment of comor-
bidity into clinical trials and daily practice. So far, there 
is only one study, i.e., the SHIELD study, in which a 
modified ACE-27 comorbidity score is being utilized 
and excludes patients from aggressive chemotherapy 
(VEPEMB), if the patient fails the assessment [31]. 
Results from this study will be available during 2010.

18.5.2 � Comprehensive Geriatric 
Assessments and Frailty  
Measures

There are now recommendations from the International 
Society of Geriatric Oncology on the use of comprehen-
sive geriatric assessment (CGA) tools in oncology stud-
ies in the elderly [46]. Such tools include functional 
assessments: activities of daily living (ADL), instru-
ments of daily living (IDL), medical comorbidity, nutri-
tional status, cognitive function, social/psychological 
status, and medication requirement. Currently, a specific 
CGA tool is not available and validated for routine use 
[32]. A self-administered frailty assessment approach is 
undergoing evaluation by the Cancer and Leukaemia B 
Cooperative Group [13]. Certainly, the use of ECOG 
status and Karnofsky status are helpful in younger 
patients but less so in the elderly [33]. There is a clear 
need for the development of an age-specific prognostic 
tool in elderly HL, to incorporate comorbidity, frailty, 
and functional and biological parameters, which is a 
defined aim of the SHIELD study. However, this will 
require a substantial patient population with appropriate 
parameters for analysis [20].

18.5.3 � Quality of Life

The importance in clinical research of determining the 
health status of patients both before medical treatment 
and their well-being at endpoints resulting from medi-
cal treatment is well documented [34]. Health-related 
quality of life (HRQOL) assessments in HL have histori-
cally been conducted on long-term survivors [35–39]. 
There have been few HRQOL assessment of HL patients 
at diagnosis, during treatment, and end of treatment phase, 
and none in the elderly [40]. In the case of elderly HL 
patients, therapeutic intervention may only have a small 
impact on clinical endpoints and any gains in survival 
must be weighed against negative impact on HRQOL. It 
is important to recognize that HRQOL in clinical med-
icine represents the functional effect of an illness and 
its consequent therapy upon a patient as perceived by 
the patient. The above-mentioned SHIELD study mea-
sures the patient’s perceived HRQOL at pre-treatment, 
end of treatment, and years 2 and 5 for those patients 
undertaking the VEPEMB regimen.
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18.5.4 � Therapy-Associated Toxicity

It is also clear that therapy-associated toxicities have a 
major impact on the treatment of older HL patients. The 
reduced tolerability of conventional chemotherapy 
results in more severe toxicities including fatal outcomes, 
the inability to maintain the scheduled dose density, and 
a shorter survival for relapsing or progressing patients 
[6–8, 19, 41–43]. This was also shown in the GHSG 
analysis, in which the reduced dose density and the 
increased mortality during therapy were identified as the 
major determinants for an inferior outcome of older 
patients [5]. Unfortunately, dose-dense aggressive che-
motherapy is the most important positive prognostic fac-
tor for advanced stage HL. But even in patients younger 
than 60 years, who are being treated with BEACOPP 
escalated, the incidence of fatal events show a steep 
increase with age, mostly due to neutropenic infections. 
Accordingly, the full administration of the planned ther-
apy is very unlikely in the cohort of older patients, espe-
cially in patients with advanced stage disease. As in 
younger patients, the most prominent toxicities were 
leucopenia, infections, and cardiopulmonary events  
[5, 41, 44, 45]. The early termination of the scheduled 
therapy in older patients had a negative impact on the 
survival [5, 19]. The incidence of severe therapy-associ-
ated toxicities varies in the literature for commonly used 
polychemotherapy regimens between 8 and 20% [6–8, 
21, 44, 45]. Using COPP/ABVD, 19% acute toxic deaths 
have been reported [46]. This high number was con-
firmed for MOPP/ABVD with 18%. Today, ABVD is 
regarded as standard of care for most HL patients includ-
ing the older patients. Unfortunately, no prospectively 
randomized studies have been published in older patients 
using this schedule and a reliable statement on its toxic-
ity in these patients cannot be given. There is only one 
study currently ongoing using ABVD as the standard 
arm and comparing it with VEPEMB (vinblastine, 
cyclophosphamide, procarbazine, prednisolone, etopo-
side, mitoxantrone, and bleomycin). The most recent 
interim analysis did not show any therapy-associated 
deaths, but the final analysis must be awaited [47]. 
Additionally in the SHIELD program, ABVD is the 
curative therapy most commonly used in patients less 
than 70 years who are not in the VEPEMB study; it is 
anticipated that more information on ABVD tolerability 
and efficacy will emerge.

Other new regimens, specifically designed for older 
HL patients, had a low toxicity, but also a low efficacy 

[46, 48, 49]. To overcome the most apparent problem, 
i.e., neutropenic infections, the use of granulocyte col-
ony-stimulating factors (G-CSF) was thought to be 
beneficial [41, 50, 51]. However, in randomized studies 
in older NHL patients, no impact on the incidence of 
severe infections and mortality could be documented 
[52]. This result is strongly supported by a recent meta-
analysis of Cochrane Hematological Malignancies 
Group (CHMG) [53]. Thus, the role of G-CSF for the 
prevention of severe infections in older HL patients 
still has to be assessed. There seems to be a general 
problem with the use of dose-dense aggressive con-
ventional polychemotherapy in older HL patients indi-
cating that a substantial improvement of their outcome 
might only be reachable by using different therapeutic 
modalities. Among them are immunomodulatory drugs 
(e.g., lenalidomide), histone deacetylase inhibitors 
(e.g., panobinostat), or immunoconjugates (e.g., SGN-
35), as reviewed in Chap. 20.

18.6 � Therapy

18.6.1 � Early Stages

Early stages comprise the early favorable and the early 
unfavorable stages. In young patients, standard of care 
is a combined modality treatment using two to six 
cycles of ABVD plus involved field radiotherapy. In 
older patients though, current data are not sufficient to 
discriminate the early stages, but one smaller study has 
shown the advantage of a combined modality treat-
ment approach also for older patients. Kim et al. report 
on 52 early stage HL patients over 60 years, who have 
been treated between 1969 and 1995. Thirty-seven of 
them received radiotherapy only, nine received chemo-
therapy only, and six combined chemo-radiotherapy. 
Although these patient numbers are too small to reach 
statistical significance, the relapse rate was low for the 
combined modality approach (20%), higher for che-
motherapy alone (33%), and highest for the radiother-
apy alone group (46%) [42].

In the GHSG HD 8 trial, patients in early unfavor-
able stage were randomized to four courses of chemo-
therapy (COPP/ABVD – cyclophosphamide, vincristine, 
procarbazine, prednisone, doxorubicin, bleomycin, vin-
blastine, dacarbazine) and either involved field or 
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extended field radiotherapy [54]. The recent analysis of 
the elderly patients in this study, compared with younger 
patients, demonstrated lower 5-year freedom from treat-
ment failure (FFTF) and OS in elderly patients (FFTF 
64 vs. 87%; p < 0.001 and OS 70 vs. 94%; p < 0.001). 
Importantly, elderly patients had a poorer outcome when 
treated with extended field radiation compared with 
involved field radiotherapy, 5-year FFTF (58 vs. 70%; 
p = 0.034), and OS (59 vs. 81%; p = 0.008). In addition, 
increased toxicity was also observed when receiving 
extended field radiotherapy. Thus, EF radiotherapy 
should be avoided in older patients.

In the study by Levis et al. utilizing the specifically 
designed VEPEMB schedule, 48 patients were in stages 
IA–IIA, thus matching the early favorable risk group 
[25]. The therapeutic approach was to administer three 
courses of VEPEMB chemotherapy plus involved field 
radiotherapy. The CR rate was 98% and 5-year failure-
free survival (FFS) and OS were 79 and 94%, respec-
tively. However, this FFS would be unacceptably low 
for early favorable stage HL in younger patients.

A recent small study by a Norwegian group has inves-
tigated the well-known CHOP-21 schedule (cyclophos-
phamide, vincristine, prednisone, and adriamycin) in 
elderly HL patients [55]. Among 29 patients, 11 patients 
were in stages I–IIA and 18 patients in stages IIB–IV. 
Patients in early stages received two or four cycles of 
CHOP-21 (depending on presence of risk factors) fol-
lowed by involved field radiotherapy. The complete 
remission (CR) rate for early stages was 91%; 3-year OS 
and PFS were 91 and 82%, respectively. Obviously, the 
number of patients is again much too small to judge on 
this NHL regimen for the treatment of HL.

So far, outside clinical studies the GHSG recom-
mends treatment of early favorable stage disease in 
analogy to younger patients with two cycles of ABVD 
followed by 20  Gy involved field radiotherapy. 
Accordingly, four cycles ABVD plus 30 Gy IF radio-
therapy is recommended for early unfavorable stage 
HL. Outside clinical studies also the use of bleomycin 
in the ABVD regimen might be questioned. So far, 
only retrospective data are available, but these do not 
suggest a substantial impact of bleomycin [56]. Thus, 
in case of preexisting pulmonary comorbidity in an 
older patient, omitting bleomycin could be justified.

While there are no specific therapy guidelines that 
can be categorically stated it is clear that for favorable 
early stage disease two to three courses of chemotherapy 
(ABVD, VEPEMB) and involved field radiotherapy 

can be recommended as a curative approach in the vast 
majority of patients [5, 10, 25]. Clearly the form of 
chemotherapy chosen will depend on the overall clini-
cal status of the patient, but in the future studies on the 
use of routine FDG PET scanning postchemotherapy 
in early stage elderly patients is likely to dictate 
whether radiotherapy is necessary in all cases.

18.6.2 � Advanced Stages

Six to eight cycles ABVD can be regarded as the gold 
standard for advanced stage HL, though a superior out-
come of younger HL patients can be reached by inten-
sification of chemotherapy, as it was shown by the 
GHSG [57, 58]. However, in elderly HL patients these 
aggressive schedules are often too toxic and cannot be 
recommended for patients over 60 years. Especially 
the use of anthracyclines can be complicated in older 
patients suffering from impaired cardiac function or 
cardiac arrhythmias. Therefore, some studies investi-
gated the need of anthracyclines in older patients.

The Nebraska Group compared ChlVPP (chloram-
bucil, vinblastine, procarbazine, and prednisone) with 
the hybrid ChlVPP/ABV (added adriamycin, bleomy-
cin, and vincristine) in a non-randomized study includ-
ing 262 previously untreated patients with HL (see 
Table 18.1) [59]. Fifty-six patients were ³60 years old 
and 205 younger than 60 years. Among the older 
patients, 31 patients were treated with ChlVPP and 25 
patients with hybrid. This trial showed a very poor 
outcome for older patients with 31% 5-year event-free 
survival (EFS) and 39% (OS) at 5 years, compared 
with 75% (EFS) and 87% (OS) for younger patients. 
Importantly, older patients treated with ChlVPP had a 
poorer outcome as those treated with ChlVPP/ABV. 
The 5-year EFS was 24 vs. 52%, respectively 
(p = 0.011), and 5-year OS 30 vs. 67%, respectively 
(p = 0.0086). Though the numbers are again small, 
these differences were statistically significant favoring 
the use of anthracyclines.

The Swedish study by Landgren et al. assessed the 
impact of relative dose intensity (RDI) and type of 
chemotherapy comparing ABVD-like with MOPP-like 
(mechlorethamine, vincristine, procarbazine, and pred-
nisone) regimens among 88 patients with advance HL 
[19]. The 5-year cause specific survival (CSS) and OS 
for entire population was 51 and 39%, respectively. 
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Patients with a RDI >65% had a significantly better 
CCS and OS than those with RDI £65% (p = 0.024 and 
0.029, respectively). Additionally, patients treated with 
anthracycline-based chemotherapy with RDI >65% 
had statistically significant better OS as compared with 
those with RDI £65% and those given MOPP-like 
regimen regardless of the RDI (p = 0.001). Importantly, 

RDI was >65% in the majority (92%) of patients given 
ABVD-like chemotherapy and in 24% of patients 
given MOPP-like chemotherapy only. To summarize 
this study, anthracyclines and dose intensity seem to 
improve the outcome also in older patients.

However, the GHSG has extensively studied the 
intensification of ABVD also in older patients without 

Table 18.1  Selected studies for elderly HL patients in advanced stages

Author, year N Therapy Outcome Therapy-associated  
death rate (%)

Levis, 1994 [41] 26 ABVD, MOPP/ABVD CR rate = 61% 23
8-year OS = 48%
8-year RFS = 75%
8-year EFS = 36%

Levis, 1996 [46] 25 CVP/CEB CR rate = 73% 4
5-year OS = 65%
5-year RFS = 47%

Weeks, 2002 [6] 31 ChlVPP 5-year OS = 30% 13
5-year EFS = 24%

25 ChlVPP/ABV 5-year OS = 67% 16
5-year EFS = 52%

Macpherson, 2002 [49] 38 ODBEP 5-year OS = 42% 0
5-year DFS = 49%

Levis, 2004 [25] 57 VEPEMB CR rate = 58% 3
5-year OS = 32%
5-year RFS = 66%

Ballova, 2005 [44] 26 COPP/ABVD CR rate = 77% 8
5-year OS = 50%
5-year HD-FFTF = 55%
Relapse rate = 23%

42 BEACOPP basis CR rate = 76% 21
5-year OS = 50%
5-year HD-FFTF = 74%
Relapse rate = 12%

Levis, 2007 [47] 26 ABVD CR rate = 86% 0
3-year OS = 79%
3-year RFS = 57%

28 VEPEMB CR rate = 77% 0
3-year OS = 60%
3-year RFS = 50%

Kolstad, 2007a [55] 18 CHOP-21 CR rate = 72% 5, 6
3-year OS = 67%
3-year PFS = 72%

Mueller, 2008 [60] 60 BACOPP CR rate = 85% 12
2-year OS = 76%
2-year PFS = 71%
Relapse rate = 13%

aResults are reported for advanced stage HL; total number of therapy-associated deaths 7%
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meaningful benefit for these patients. The GHSG sub-
trial HD9-elderly was designed for patients aged 66–75 
years in stages IIB–IV who were randomized between 
eight cycles of COPP/ABVD (26 patients) and eight 
cycles of BEACOPP baseline (42 patients); 18 patients 
with bulky disease or with residual disease after che-
motherapy received consolidating radiotherapy (see 
Table  18.1). The full-planned number of treatment 
cycles was given to 18 patients (69%) in COPP/ABVD 
group and to 23 patients (55%) in BEACOPP baseline 

group only. The complete remissions (CR) rate was the 
same in both treatment arms (76%), and there was also 
no difference for patients with progressive disease  
(8% for COPP/ABVD and 7% for BEACOPP). The 
disease-specific FFTF at 5 years was better for the more 
aggressive BEACOPP regimen than for COPP/ABVD 
(74 vs. 55%, p = 0.13), but this did not translate into a 
superior OS at 5 years (see Fig. 18.2a, b). This was due 
to more therapy-associated fatal events in the BEACOPP 
arm (21 vs. 8% for COPP/ABVD) [44].
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Since etoposide was thought to contribute to the poor 
tolerability of BEACOPP in older patients, the GHSG 
then developed a new BEACOPP variant especially for 
this patient cohort (see Table  18.1). This was the 
BACOPP schedule, in which etoposide was omitted 
whereas the dose of adriamycin was increased (from 
25 to 50 mg/m²) [60]. Sixty patients (92%) were eligible 
for the final analysis. The majority of treatment courses 
(75%) were administered according to protocol. 
However, there was a tendency toward reduced dosing 
in cycles five to eight, especially for patients who had 
reached CR after four cycles of BACOPP. In total, 51 
patients showed CR/CRu (85%), 2 PR (3%) and 4 pro-
gression of disease (7%). WHO grade III–IV toxicities 
were documented in 52 patients (87%). With a median 
observation time of 33 months, 18 deaths (30%) have 
been observed including seven therapy-associated fatal 
outcomes. Thus, with a therapy-associated death rate > 
10%, this regimen also requires modification.

Another phase II study from the GHSG investigated 
the incorporation of gemcitabine into the first-line 
treatment of older patients. Bleomycin and dacarba-
zine in the ABVD schedule were replaced by gemcit-
abine and prednisone, resulting in the PVAG regimen. 
Fifty patients have been included and the final analysis 
is planned for 2010.

The Vancouver Group tried to intensify the treatment 
for older patients [49]. They used a 5-drug chemotherapy 
regimen called ODBEP (vincristine, doxorubicin, bleo-
mycin, etoposide, and prednisone) from 1986 to 1995. 
This regimen tested the increase of dose intensity through 
delivery of treatment without delays, and increasing the 
number of non-cross-resistant chemotherapeutic drugs 
that were selected for minimal cumulative myelotoxic-
ity (see Table 18.1). Comparison was made with a simi-
lar group of patients treated from 1981 to 1986 with 
MOPP/ABV-variant chemotherapy. Ninety-nine patients 
who were 65 years or older were diagnosed with HL 
from 1981 to 1995. Seventy-one patients had advanced 
disease and 55 of this group were treated with curative 
intent using multi-agent chemotherapy (ODBEP = 38; 
MOPP/ABV-variant = 17). The 5-year disease-free sur-
vival and OS were higher in patients treated with 
ODBEP as compared with patients treated with MOPP/
ABV; however, the differences were not significant 
(DFS: 49 vs. 37% and OS: 42 vs. 32%, respectively). 
Both treatments were well tolerated but ODBEP was 
less myelotoxic.

The Italian group with Levis et  al. has followed 
another strategy by developing less-intensive 

polychemotherapy regimens specifically for older 
patients (see Table 18.1). They started in the early 1990s 
with CVP/CEB regimen (chlorambucil, vinblastine, 
procarbazine, prednisone, cyclophosphamide, etopo-
side, bleomycin), and subsequently VEPEMB [46, 47]. 
CVP/CEB, a low-toxicity regimen, was administered to 
25 patients and well tolerated. The CR rate at the end of 
treatment was 73%. However, the 5-year EFS and OS 
with 32 and 55%, respectively, was rather poor. This 
disappointing result was due to the high relapse rate in 
the CVP/CEB group.

The subsequent study investigated the VEPEMB 
regimen (see Table  18.1). Among 105 patients, 57 
patients were in advanced stages of disease and were 
treated with six cycles of the regimen and with addi-
tional radiotherapy on bulky disease or residual mass. 
The regimen was well tolerated, could be administrated 
to most patients, and only one patient died during treat-
ment. After the end of treatment, 58% of patients were 
in CR; the 5-year FFS was 34% and OS 32% [25]. In 
an interim analysis of a prospectively randomized 
phase III study comparing this regimen with ABVD, 
the final CR rate was slightly better in the ABVD than 
in the VEPEMB arm, even if this difference was not 
statistically significant with 86 vs. 77%. The 3-year 
relapse-free survival rates were 57 and 50% (p = ns) for 
the ABVD and VEPEMB arms, respectively. The 
3-year OS and the EFS rates for ABVD and VEPEMB 
were 79 vs. 60% (p = ns) and 52 vs. 24% (p = 0.08), 
respectively [47]. Though this is not the final analysis, 
the data obviously do not support the use of VEPEMB 
outside clinical studies, since superiority to ABVD 
cannot be seen so far and only a minority of patients 
with advanced stage disease might be cured using this 
schedule.

Another very well-tolerated regimen containing an 
anthracycline, an alkylating agent, and a vinca alkaloid 
is the well known CHOP schedule (cyclophosphamide, 
doxorubicin, vincristine, and prednisone). Compared 
to the ABVD regimen, the dose density of the anthra-
cycline is somewhat higher, and myelotoxicity is no 
major problem in elderly NHL patients, at least. In a 
Norwegian study evaluating CHOP-21 in elderly 
patients with HL, among 29 patients 18 patients were 
in the advanced stage of disease and received six to 
eight cycles of CHOP-21 with subsequent radiother-
apy to any residual mass (see Table 18.1) [55]. The CR 
rate at final staging was 72%, 3-year OS 67%, and 
3-year PFS 72%. Twenty-seven (93%) patients com-
pleted the planned therapy, and there was only one 
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therapy-associated fatal outcome. A larger study is 
warranted before any conclusion can be drawn to 
ensure results are robust, bearing in mind the more-
intensive BEACOPP schedule cannot deliver such out-
comes. However, the CHOP-21 regimen can be safely 
administered in a 14 days schedule using growth factor 
support in older patients [61]. This approach could 
even increase the dose density and might even improve 
the RR and outcome with acceptable toxicity.

In conclusion, the use of anthracycline-based che-
motherapy for treatment of elderly patients with 
advanced HL is of great value. Though no randomized 
studies for this special cohort of elderly patients are 
available, six to eight cycles ABVD followed by radio-
therapy to residual disease are regarded as standard of 
care [9, 11]. The data for the importance of bleomycin 
in the ABVD regimen with regard to efficacy are not 
convincing, thus bleomycin might be omitted in case 
of any preexisting pulmonary disease [56]. Dose inten-
sification approaches including BEACOPP variants 
have not been successful, mainly due to an unaccept-
able increase in toxicity. The most important issue 
remains to find a balance between the intensity of che-
motherapy and acceptable toxicities in older patients.

Future developments addressing this important 
issue might include an individual response-adapted 
treatment strategy. This approach is supported by the 
use of functional imaging. It is known for a long time 
already that response to chemotherapy has an impact 
on the final outcome [62, 63]. However, response as 
defined by the lymph node size and measured by com-
puted tomography scan might occur with remarkable 
delay in advanced HL. This is likely due to the fibrotic 
tissue infiltrating the malignant lymph nodes, which 
often remains visible for several months after therapy 
especially in case of bulky disease at baseline. For 
example, in the GHSG HD15 trial, 311 out of 817 
patients (38%) showed residual disease >2, 5  cm as 
determined by CT scan after the completion of chemo-
therapy [64]. However, 79% (n = 245) of these patients 
then had a negative FDG-PET scan. These patients did 
not receive any additional radiotherapy and, with a 
rather short median observation time of 18 months, 
their outcome was not inferior compared to patients 
reaching a complete remission after chemotherapy. 
These data indicate that the biologic response deter-
mined by FDG-PET is superior to the morphologic 
response in terms of its negative predictive value, 
at  least. For more detailed information, please see 

Chap. 6. The work by Gallamini, Hutchings, and their 
coworkers should be mentioned in this context, though. 
They showed that the early PET response (after two 
cycles of ABVD) overshadows the prognostic value of 
the International Prognostic Score and thus is an 
important tool for planning a risk-adapted treatment in 
advanced HL [65, 66].

Taken together, this new response-adapted strategy 
might help to tailor the treatment according to the 
patients’ need, thereby reducing the toxicity to a mini-
mum amount. Data for older HL patients still have to 
be generated, though.

18.6.3 � Relapsed Patients

In patients with refractory disease to first-line therapy, 
salvage is virtually impossible and usually palliative 
chemotherapy/radiotherapy is all that is available. In 
relapsing patients, following chemotherapy or relaps-
ing after treatment of localized disease, alternative 
second-line treatments are possible, though again usu-
ally in a palliative intent. Of course, no studies specifi-
cally evaluating the treatment of relapsed elderly HL 
patients are available. Thus, any conclusions must be 
drawn either from few old studies, or in analogy to 
results from studies in younger HL patients or elderly 
NHL patients. Since treatment decisions in relapsed 
elderly patients are depending on several highly indi-
vidual factors, no general recommendations can be 
given. Of course, the treatment goal has to be defined 
before starting any therapy. And, of course, whenever 
the relapse is diagnosed in a limited stage, the option 
of radiotherapy should be explored. For all remaining 
patients with the need for systemic therapy, treatment 
decisions can be guided by the duration of response to 
first-line therapy.

If there was a long-lasting remission after first-line 
therapy (i.e., >1 year) and the patient is in good general 
condition, a second-line therapy with a polychemother-
apy regimen might be justified. Usually, anthracyclines 
cannot be given anymore due to their cumulative car-
diotoxicity. Drugs with known single-agent activity in 
HL include alkylating agents (e.g., ifosfamide, trofosf-
amide, and procarbazine), gemcitabine, vinca alkaloids, 
and platinum derivates. Promising results in elderly 
NHL patients have been reported for the combination of 
gemcitabine and oxaliplatin (GemOx) [67]. This 
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schedule has limited hematotoxicity and is safe in this 
elderly patient cohort. However, no reports on its use in 
HL patients have been published so far. There is another 
polychemotherapy regimen that has been developed 
many years ago and utilized by the SNLG as a palliative 
therapy over a prolonged period. This regimen is a very 
well-tolerated all oral schedule (prednisolone, etopo-
side, chlorambucil, and CCNU (PECC)) [68]. Recently, 
an update on the use of the schedule in relapsed HL 
from the SNLG database demonstrated that in 92 
patients 12 were >60 years and PECC induced CR in 
7/12 (58%) suggesting CCNU-containing combinations 
might have a useful role in this relapse situation [69].

If the duration of remission after first-line therapy 
was less than 1 year or the patient cannot tolerate poly-
chemotherapy for any reasons, then single-agent che-
motherapy should be considered as an option. After 
first promising reports in a palliative setting in young 
HL patients with refractory and progressive disease, 
gemcitabine has been used extensively in this situation 
[70]. Dose reductions may be necessary though espe-
cially in elderly patients due to thrombocytopenia that 
is the most prominent side effect. Also oral alkylating 
agents like trofosfamide can induce remissions in HL 
patients without causing relevant side effects [71, 72].

18.6.4 � SHIELD Study

In order to resolve some of the most important ques-
tions in elderly patients with HL the SNLG is currently 
running the SHIELD study. SHIELD is a phase II, 
multi-center, international study, which has two ele-
ments: a VEPEMB treatment regimen and a registra-
tion arm where details of eligible patients (who do not 
receive the VEPEMB treatment) are recorded. Data 
collection utilizes an electronic Web-based Clinical 
Report Form (www.shieldstudy.co.uk). Recruitment to 
this study closed in September 2009 with 232 patients 
recruited including 57 registration patients on the 
GHSG BACOPP study and 175 from the UK (103 
VEPEMB patients and 72 registration). The objectives 
of the study were to evaluate the efficacy and toxicity of 
VEPEMB therapy in older patients with HL, adapted to 
patients’ performance. By collecting data on all patients 
with HL in this age group, regardless of treatment, the 
study will provide a clearer overall clinical picture of 
outcome in this patient cohort. The primary endpoints 

of the study are (a) complete RR, (b) time to treatment 
failure, and (c) OS following the VEPEMB treatment 
schedule and the comparative treatment schedules 
undertaken by registration-only patients [73].

Sub-division by age (66–70, 71–75, and >75) pre-
dicted for outcome in the Levis study but it was appar-
ent that there was a need for a methodology to assess 
fragility and toleration of aggressive treatments. A 
CGA is achieved in the SHIELD study by using a 
Co-morbidity Rating Scale, Activities of Daily Living 
Score, Instrumental Activities of Daily Living, and 
Quality of Life Assessment, which are recorded by the 
VEPEMB patients pre-treatment, post-treatment, and 
at years 2 and 5 [74]. Patients who are deemed “frag-
ile” have been excluded from the phase II VEPEMB 
regimen but included as registration-only patients. It is 
hoped to identify alternative treatments for “frail” 
patients by assessing prospectively if it is possible to 
predict their inability to tolerate chemotherapy and 
for whom other treatment options would be more 
suitable [75].

18.7 � Conclusions and Perspectives

Currently, it is not possible to provide evidence-based 
recommendations for the treatment of older HL patients 
due to a lack of definitive prospective randomized stud-
ies. Of course, HL should be potentially curable in all 
age groups; however, the results for the elderly remain 
disappointing, particularly in patients presenting with 
advanced stage disease. The poor clinical outcome has 
been related to the fact that there are more patients who 
present with advanced stages in this age group. In addi-
tion, most analyses indicate that delivery of appropriate 
drugs at optimal dose intensity is compromised in 
patients over 65 years and this has a major effect on their 
outcome. Additionally, there remains the possibility that 
additional chemoresistance mechanisms are operating 
in a proportion of HL cases in this age group.

From available existing data it seems clear that 
elderly patients with early stage HL (stages I and II) 
should be treated with short-course chemotherapy fol-
lowed by involved field radiotherapy. Though ABVD 
has some toxicity in elderly patients and no prospec-
tive studies of ABVD in elderly patients are available, 
this regimen is considered standard of care also for 
older patients. Most recent results from the GHSG 

http://www.shieldstudy.co.uk
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HD10 trial support the administration of only two 
cycles ABVD followed by only 20 Gy involved field 
radiotherapy. It will be very interesting to compare 
these data with the results from the SHIELD study 
once those are available. In advanced stage disease, 
again six to eight cycles of ABVD are regarded as 
standard of care, though dose density is often under a 
critical limit of 65% in elderly patients and the out-
come, therefore, is poor as compared to younger 
patients. Thus, the best approach would be to enter the 
patients on study protocols whenever possible so that 
clear treatment strategies can be developed and evalu-
ated. Due to the obvious limitations of conventional 
chemotherapy in elderly HL patients, these new proto-
cols should incorporate new therapeutic approaches. 
The GHSG has initiated a study in which bleomycin is 
replaced by lenalidomide, an immunomodulatory drug 
with single-agent activity in HL, in the ABVD regi-
men (AVD-Rev). But more alternative approaches are 
currently being investigated in HL (see Chap. 20) and 
hopefully will also be made available for elderly 
patients.
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Hodgkin lymphoma (HL) is highly responsive to con-
ventional chemotherapy (CT). Close to 90% of patients 
even with advanced disease are cured with modern CT 
sometimes followed by irradiation [1, 2]. Patients who 
prove refractory to or relapse after first-line therapy, do 
significantly worse. High-dose therapy (HDT) followed 
by autologous stem cell transplantation (ASCT) is the 
standard of care for medically fit patients with relapsed 
HL [3, 4]. The results of ASCT, however, vary signifi-
cantly depending on a number of prognostic factors the 
most important of which are the time interval between 
first-line treatment and relapse, the clinical stage at 
relapse, and the sensitivity of the tumor to salvage che-
motherapy [5–9]. For example, approximately 70% of 
patients with late first relapse can be salvaged by HDT/
ASCT whereas not more than 40% of patients suffering 
from early first relapse are rescued by this modality [4]. 
Only 20–35% of patients with refractory HL may 
achieve long-term survival after ASCT [10–13]. In 
addition, a significant proportion of patients with HL 
still relapse after an ASCT. Therefore, although HDT/
ASCT may cure a significant proportion of patients 
with relapsed or refractory HL, subsets of patients carry 
a high risk of failure and are candidates for more exper-
imental procedures such as allo-SCT.

19.1 � Myeloablative Allogeneic  
Stem Cell Transplantation  
in Hodgkin Lymphoma:  
A Historical Perspective

The first reports on allogeneic stem cell transplantation 
(allo-SCT) in patients with HL appeared in the mid-
1980s [14, 15]. Patient numbers were low and a realis-
tic evaluation of the therapeutic potential of allo-SCT 
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was not possible. Two larger registry-based studies 
published in 1996 gave disappointing results. Gajewski 
et al. analyzed 100 HL patients allografted from HLA-
identical siblings and reported to the International 
Bone Marrow Transplant Registry (IBMTR) [16]. A 
significant proportion of these patients were not in 
remission before transplant, and had a poor perfor-
mance status and active infections before transplanta-
tion. Almost 50% of the patients received total body 
irradiation (TBI) containing regimens. The 3-year-
rates for overall survival (OS), disease-free survival 
(DFS), and the probability of relapse were 21, 15, and 
65%, respectively. The major problems after trans-
plantation were persistent or recurrent disease or respi-
ratory complications, which accounted for 35–51% of 
deaths. Acute and/or chronic graft vs. host disease 
(GVHD) did not significantly reduce the risk of relapse. 
At the same time, a case-matched analysis including 
45 allografts and 45 autografts reported to the European 
Group for Blood and Marrow Transplantation (EBMT) 
was performed by Milpied et  al. [17]. The matching 
criteria were sex, age at time of transplantation, stage 
of disease at diagnosis, bone marrow involvement at 
diagnosis and at transplantation, year of transplanta-
tion, disease status at time of transplantation, time 
from diagnosis to transplantation, and conditioning 
regimen with or without total-body irradiation (TBI). 
The 4-year actuarial probabilities of survival, progres-
sion-free survival (PFS), relapse, and nonrelapse mor-
tality (NRM) were 25, 15, 61, and 48%, and 37, 24, 61, 
and 27% after allo-SCT and ASCT, respectively. The 
toxic death rate at 4 years was significantly higher for 
allo-SCT patients (p = 0.04). Even for patients with 
sensitive disease at the time of transplantation, the 
4-year actuarial probability of survival was 30% after 
allo-SCT and 64% after ASCT (p = 0.007). This differ-
ence was mainly due to a higher transplant-related 
mortality rate after allo-SCT (65 vs. 12%, p = 0.005) 
that was basically associated with the development of 
acute GVHD after transplantation and/or concomitant 
infectious episodes. Although a GVHD > or = grade II 
was associated with a significantly lower risk of 
relapse, it was also associated with a lower OS rate.

A number of reports confirmed the registry data: 
allo-SCT resulted in lower relapse rates but signifi-
cantly higher toxicity with no improvement over ASCT 
when PFS or OS were considered [18–20]. Although 
the poor results after myeloablative conditioning could 
at least partly be explained by the very poor-risk 

features of many individuals included in these early 
studies, the high procedure-related morbidity and mor-
tality prevented the widespread use of allo-SCT.

19.2 � Reduced Intensity Regimens

Given the high NRM seen in adults with HL following 
myeloablative allo-SCT, the use of reduced intensity 
or non-myeloablative conditioning regimens would 
appear to be a potentially attractive option. The goal of 
these therapies is to reduce regimen-related toxicity 
while still providing sufficient immunosuppression to 
facilitate donor engraftment and a subsequent graft vs. 
lymphoma (GVL) effect. There are many published 
regimens ranging from the truly non-myeloablative 
single-fraction 2 Gy TBI to moderately myelosuppres-
sive chemotherapy-based regimens that often combine 
fludarabine with an alkylator agent such as melphalan 
or busulfan. The aim of all of these regimens is to shift 
the balance from the antilymphoma activity of the con-
ditioning regimen to the immune cells transferred with 
the donor graft, which may mediate a GVL response. 
The marked reduction in upfront toxicity of these regi-
mens has extended the applicability of allo-SCT to 
older patients, those with comorbidities, and to patients 
who had previously failed a prior ASCT.

The literature now contains several reports detail-
ing the outcomes of reduced intensity transplants for 
patients with relapsed HL (Table 19.1). These results 
can be difficult to compare due to the differing patient 
populations and conditioning regimens; however, in 
general, the transplant related mortality has been 
impressively reduced when compared to myeloabla-
tive conditioning regimens. This reduction in trans-
plant mortality was confirmed by the Lymphoma 
Working Party (LWP) of the EBMT that compared 
Hodgkin patients having standard myeloablative con-
ditioning to those having reduced intensity regimens 
between 1997 and 2002 [21]. Transplant-related mor-
tality was 48% at 3 years in the myeloablative group 
and 24% in the reduced intensity group (p = 0.003; 
Fig. 19.1).

Although reduced intensity conditioning has 
allowed allo-SCT to be performed more safely, relapse 
is now the commonest cause of treatment failure. 
Conditioning intensity/antilymphoma activity may be 
an important factor in determining relapse rates [22]. 
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This may be secondary to a requirement for a lengthy 
period of clinical remission to allow the incoming 
donor immune system to eradicate residual disease. 
An early GVL response is often delayed by the use of 
immunosuppressive drugs to prevent GVHD following 
T cell replete transplantation or by the use of a T-cell-
depleted graft, which often necessitates the use of 
post-transplant donor lymphocyte infusions (DLI). 
Some of the truly non-myeloablative regimens have 
been associated with particularly high relapse rates 
[23, 24]. This concept of regimen intensity being 
important is also supported by the EBMT analysis that 
showed a 32% relapse rate following myeloablative 
conditioning compared to 58% with reduced intensity 
regimens [21]. Furthermore, within the reduced inten-
sity group, there was a higher relapse and lower OS 
rate in patients who were conditioned with low-dose 
TBI, which is one of the regimens with the least 

toxicity (p < 0.04). Other studies have also shown a 
better outcome using more intensive regimens like the 
combination of fludarabine and melphalan when com-
pared to less intensive regimens [22] and the BEAM–
alemtuzumab regimen has also been demonstrated to 
give good disease control in the medium term [25].

There is mounting evidence that successful alloge-
neic transplantation for HL needs a combination of 
effective salvage chemotherapy and a moderately inten-
sive pre-transplant conditioning regimen to keep the dis-
ease under control for several months to allow the 
withdrawal of immunosuppression and/or the use of DLI 
sufficient time to mount an effective GVL response.

19.3 � Prognostic Factors of Long-Term 
Outcome for Allogeneic SCT

The introduction of reduced intensity conditioning 
regimens in the allogeneic field has allowed a signifi-
cant reduction in the NRM associated with the proce-
dure in the population of HL patients [21]. The 
identification of independent prognostic factors may 
help to guide physicians in the choice of therapy for 
individual patients. However, the reported experience 
of RIC-Allo in HL is still limited in terms of number of 
patients included [22, 24, 26–28], making it difficult 
to identify independent predictors of outcome.

The LWP of the EBMT performed a retrospective 
analysis comprising a population of 285 patients with 
relapsed or refractory HL treated with a reduced intensity 
allo-SCT in order to try to identify prognostic factors for 
long-term outcome [29]. Sixty patients died of NRM at a 
median of 91 days (range 1 day to 20 months) following 

TRM transplant-related mortality; OS overall survival; PFS progression-free survival; EBMT European Group for Blood and Marrow 
Transplantation; A alemtuzumab; M melphalan; F fludarabine; ATG antithymocyte globulin; TBI total body irradiation; GITMO 
Gruppo Italiano Trapianto di Midollo Osseo; C cyclophosphamide; T thiotepa

Study and regimen Reference Patient number Median age 
(years)

TRM (%) Relapse (%) OS (%) PFS (years)

EBMT various [21] 89 30 24 57 27 18% at 5

UK AMF [27] 49 32 16 45 56 39% at 4

Spain MF ± ATG [28] 40 31 25 44 48 32% at 2

Seattle F + TBI [24] 90 28–33 0–18 40–63 53–58 23–51% at 2

Houston MF [30] 58 32 15 55 64 32% at 2

GITMO CFT [23] 32 – 3 81 32 16% at 3

Table 19.1  Conditioning regimens
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transplantation. The cumulative incidence estimate of 
NRM at 100 days, and 1 and 3 years post-transplant were 
10.9, 19.5, and 21.1% respectively. In multivariate analy-
sis, NRM was associated with poor performance status, 
chemorefractory disease at transplantation, age greater 
than 45, and transplantation before 2002. Identifying 
poor PS, chemorefractory disease, and older age as 
adverse risk factors for NRM, patients with no adverse 
risk factors had a 3-year NRM rate of 12.5% compared 
with 46.2% for those with two or three risk factors. 
Interestingly, the use of an unrelated donor and a single 
prior high-dose procedure had no impact on the NRM.

With a median follow-up of 26 months (range 3–94 
months), 126 patients remained alive and 159 have 
died. The Kaplan−Meier estimates of OS and PFS at 1, 
2, and 3 years were 67 and 52%, 43 and 39%, 29 and 
25% respectively. In multivariate analysis, patients in 
complete remission (CR) or with chemosensitive dis-
ease, those with a good performance status, transplants 
other than sex mismatched male recipients, and  
CMV –/– transplants had a significantly better OS. For 
PFS good performance status, CR or chemosensitive 
disease at transplantation and transplants other than 
male recipients from female donors were associated 
with a significantly better PFS in the multivariate anal-
ysis. Considering chemorefractory disease and poor 
performance status as risk factors for a poor OS and 
PFS, patients with neither of these risk factors have a 
3-year PFS and OS of 42 and 56% compared to 8 and 
25% for patients with 1 or 2 of these risk factors. In an 
analysis restricted to patients who had relapsed after a 
prior ASCT, relapse within 6 months of the autograft 
was associated with a significantly worse disease pro-
gression rate (RR = 1.9 (1.2–3.1) p = 0.01) and PFS 
(RR = 1.9 (1.2–2.9) p = 0.003) following reduced inten-
sity allo-SCT. Reduced intensity allo-SCT may be an 
effective salvage strategy for patients with good risk 
features who relapse after an ASCT (Fig. 19.2) and that 
outcomes are similar for both sibling and MUD trans-
plants. Conversely for patients with chemorefractory 
disease or a poor performance status, the overall out-
come is poor, and it is difficult to recommend reduced 
intensity conditioning allo-SCT for these patients.

These results are in agreement with what has already 
been published in smaller series of patients. The UK 
Cooperative Group reported that disease status before 
allo-SCT was the strongest prognostic factor for PFS 
and OS, the results being significantly better for those 
patients allografted in CR [27]. Disease status was also 

the strongest factor predicting for survival in the 
Spanish series [28] as well as in the updated MDACC 
[30], although both studies include small number of 
patients that preclude more specific studies.

In summary, disease status seems to be the stron-
gest prognostic factor for long-term outcome of these 
patients. In the vast majority of the patients included in 
these studies, disease status was evaluated using CT 
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scans; no metabolic responses using positron emission 
tomography (PET) were evaluated. Future prospective 
trials should eventually include PET/CT before allo-
SCT in order to define the role of metabolic techniques 
in the allogeneic setting.

19.4 � Evidence for Graft vs.  
Hodgkin Lymphoma

Despite the theoretical reliance of reduced intensity 
transplantation on a GVL effect, there are relatively few 
studies that convincingly demonstrate this activity in 
HL. Many of the myeloablative transplants done in 
adults had such a high TRM that it would have been 
almost impossible to see a GVL effect if one had existed. 
In the context of reduced intensity transplantation, there 
is some evidence of a reduction in relapse in association 
with GVHD. Conversely, the apparent lack of impact of 
T cell depletion on relapse risk is unexpected. This find-
ing might simply be a function of the relatively small 
numbers of patients reported or it is possible that the 
in  vivo monoclonal antibody used to facilitate T cell 
depletion may have anti-HL activity.

The most convincing evidence of GVL activity in HL 
comes from the use of DLI to treat patients who relapse 
following allogeneic SCT (Table 19.2). Response rates 
to DLI have been reported to be between 15 and 54%, 
with complete responses seen in around 30% of patients. 
Many of these patients had received concurrent CT or 
radiotherapy but responses have been seen to DLI alone 
and some of these have been durable. There appears to 
be a higher response rate in the UK series, and it is not 
known whether the high incidence of mixed chimerism 
seen in patients who received alemtuzumab promotes 
GVL responses as it does in some animal models. The 
optimal T cell dose for GVL remains unclear, although 
many groups use an escalating dose schedule to try and 

reduce the risk of severe GVHD. Unlike follicular lym-
phoma, there is preliminary evidence that in overt clini-
cal relapse of HL, GVL responses are less common in 
the absence of GVHD. There are a number of factors 
that may increase the toxicity of DLI including increas-
ing age of the patient, HLA mismatching, use of unre-
lated donors, and short time interval from transplant to 
DLI infusion. Although the DLI responses are impres-
sive in some patients, the majority of patients will not 
achieve long-term benefit from DLI and further study is 
needed to optimize this potential effect.

19.5 � Role of Allogeneic SCT  
in Autograft Failures

It has been demonstrated that HDT with autologous 
stem cell rescue can successfully salvage many of these 
relapsed/refractory patients, with two randomized 
studies demonstrating the superiority of such treatment 
over conventional dose salvage chemotherapy [3, 4].

In contrast, results with myeloablative allogeneic trans-
plantation in adults with HL have been disappointing. No 
randomized studies comparing autologous transplantation 
and allogeneic transplantation exist, but a retrospective 
EBMT registry study reported improved outcome post-
autograft, and this has become the consolidation of choice 
in relapsed or refractory disease [17]. Despite the success 
of autologous transplantation, there remains a cohort of 
patients whose disease progresses/relapses following trans-
plant, and the outcome in this group is extremely poor, with 
a median survival post-relapse of less than 1 year [31, 32].

Although some patients achieve good outcomes 
following a second autologous transplant, these have 
generally represented a highly selected group who 
relapsed more than 3 years post first autologous trans-
plant [33]. In addition to the small group of patients 
who may benefit from a second autograft, there are a 
number of patients who relapse following autologous 
transplantation who may not be suitable candidates for 
a reduced intensity allogeneic transplant. These might 
include patients with poorly controlled aggressive 
relapse and patients who have multiple comorbidities 
who have either a high relapse rate or treatment-related 
mortality with allogeneic transplantation.

With the advent of reduced intensity conditioning 
regimens, there has been renewed interest in alloge-
neic transplantation for patients who relapse following 

Study and 
regimen

Reference Patient 
number

CR/PR Response at last 
follow-up

UK [27] 16 8/1 5 CR at 4+ years

Spain [28] 11 3/3 None ongoing

Houston [30] 14 3/3 1 PR at 8+ months

Total 31 14/7 5/1

Table 19.2  Donor leukocyte infusions

CR complete remission; PR partial remission
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an autograft [22, 34]. This is because of the introduc-
tion of reduced intensity conditioning regimens that 
have dramatically reduced transplant-related mortality 
[27]. Although there are no randomized trials compar-
ing the results of chemotherapy ± radiotherapy in 
patients who relapse post-autograft, comparisons have 
been made with the outcomes of historical controls. 
The UK group identified a group of patients who had 
relapsed following a BEAM autograft who were 
chemosensitive at relapse and had survived at least 12 
months from relapse and who would therefore have 
been eligible for a reduced intensity transplant [35]. 
This was a highly selected group representing 44% of 
all relapses who were predicted to have the best sur-
vival. These conventionally treated patients were com-
pared to more recently treated patients who received a 
reduced intensity allograft. The groups did not differ 
significantly in age, number of lines of prior therapy, 
or in time from diagnosis to autograft but there was a 
small difference in time from relapse to autograft (13 
months for the allograft group vs. 10 months in the 
chemotherapy ± radiotherapy group). Conversely, 
34% of the allograft group were chemorefractory fol-
lowing salvage. Despite the selection of a control 
group with a relatively good prognosis, both OS from 
time of diagnosis and time of autograft were signifi-
cantly improved following allogeneic transplant, when 
compared to the historical control group. The esti-
mated current PFS for the allografted patients was 
34% at 5 years and 42% if in chemosensitive relapse at 
the time of transplant, suggesting the early promising 

results might translate into a favorable long-term out-
come (Fig. 19.3). A recently published study had simi-
lar outcomes and showed an advantage for allogeneic 
transplant over chemotherapy alone in patients with 
poor risk HL [36].

19.6 � Role of Allogeneic SCT  
in the Pediatric Population

Information regarding the role of allogeneic HSCT for 
HL in the pediatric population is very limited. Children 
undergoing allogeneic HSCT have been occasionally 
included in series of adult patients [18–21], whereas 
exclusively pediatric series were limited to fewer than 
ten patients [37].

The most extensive analysis of allo-SCT in the 
pediatric population comes from the LWP of the 
EBMT, and it comprises a group of 91 children and 
adolescents 18 years or younger treated with an 
allograft (myeloablative, n = 40; reduced intensity, 
n = 51) for relapsed or refractory HL [38]. Comparing 
patients who received MAC with RIC, the latter group 
had a longer time interval between diagnosis and allo-
SCT, had failed more lines of therapy including HDT 
and ASCT, and was significantly older than patients 
who underwent transplantation after conventional con-
ditioning. No significant differences existed in the per-
centages of patients grafted in CR, partial remission 
(PR), refractory disease, or untreated relapse and the 
performance status at the time of transplantation. In 
addition, the percentages of patients with HLA-
identical sibling donors, other matched related or unre-
lated donors, as well as mismatched donors were not 
significantly different. Not surprisingly, patients with 
reduced intensity conditioning underwent transplanta-
tion more recently and preferentially received mobi-
lized peripheral blood stem cells. NRM at 1 year was 
21%, with comparable results after reduced intensity 
or myeloablative allo-SCT. Probabilities of relapse at 2 
and 5 years were 36 and 44%, respectively. Reduced 
intensity conditioning allo-SCT was associated with 
an increased relapse risk compared with myeloablative 
transplantation, which was most apparent beginning 9 
months after allo-SCT (p = 0.01). PFS was 40 and 30%, 
and OS was 54 and 45% at 2 and 5 years, respectively. 
Beyond 9 months, PFS after reduced intensity allograft 
was lower compared with myeloablative protocols 
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(p = 0.02) (Fig. 19.4). The development of GVHD did 
not have any impact on PFS after allo-SCT. Of note, 
the 26 patients with sensitive disease and good perfor-
mance status who underwent transplantation between 
2002 and 2005 showed a PFS of 60% (95% CI: 
33–87%) and OS of 83% (95% CI: 67–98%), respec-
tively, at 3 years. Fifteen of these patients (58% of the 
group) had previously failed ASCT. This retrospective 
analysis in a pediatric population of patients raises 
again the question of the exact dose intensity needed in 
HL patients. Because relapse now is the major prob-
lem after allogeneic transplantation for HL in pediatric 
as well as in adult patients, whereas NRM was no 
worse after myeloablative allo-SCT in these younger 
patients, it may be wise to use myeloablative or “inter-
mediate” conditioning at least in those children and 
adolescents who arrive at the transplantation center in 
good performance status but with multiply relapsed or 
refractory disease. Alternatively, other attempts to deb-
ulk the tumor before SCT – using aggressive salvage 
therapy or HDT – should be considered.

19.7 � Alternative Donor Transplants

In Europe and North America, only around a third of 
patients will have an HLA-matched sibling donor; 
therefore, the use of alternative donors is essential to 
expand the number of patients eligible for the 

procedure. The advent of molecular techniques has 
improved the accuracy of tissue typing reports but the 
associated increase in HLA polymorphism has made 
finding an exact molecularly matched donor more 
difficult. However, the continual increase in unrelated 
donor numbers, the availability of cord blood, and the 
use of T cell depletion has allowed a rise in the num-
ber of alternative donor transplants to be performed.

Although the number of published studies using 
unrelated donors remains limited at present, the trans-
plant outcomes appear similar to those using sibling 
donors [21, 27, 29, 39]. Not surprisingly, rates of 
GVHD may be higher and many groups have used T 
cell depletion strategies with either alemtuzumab or 
ATG to reduce the incidence of this complication. 
Interestingly, unrelated donor transplants in patients 
with HL appear to have a similar OS and PFS to sib-
ling donor transplants [21, 27]. Therefore, given the 
lack of effective therapeutic options for patients who 
relapse post-autologous transplantation, consideration 
of an unrelated allogeneic transplant may be an appro-
priate option for these patients.

The published experience with cord blood donors in 
HL is much more limited but may be feasible [40]. 
While cord blood may have a GVL effect on its own, 
the high relapse rate seen with reduced intensity regi-
mens may restrict the use of this donor source where 
there is no opportunity to use DLI. A recently published 
Eurocord−Netcord study showed a 30% progression-
free survival at 1 year in patients with relapsed HL [41]. 
Longer-term follow-up of these patients will obviously 
be necessary to determine whether the GVL activity of 
the cord blood obviates the need for post-transplant 
DLI. Finally, haploidentical donors have been used in a 
small series indicating that this may also be a useful 
donor source although follow-up is too short to deter-
mine the long-term impact of this approach [24].
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20.1 � Introduction

Hodgkin lymphoma (HL) is a rare human cancer with 
about 8,500 new cases in the United States [1]. It is 
estimated that 1,290 patients will die of this malig-
nancy in 2009, making HL one of the best curable 
human cancers. Despite the success of initial therapy, 
the treatment of patients with relapsed and refractory 
disease, especially those who relapse after autologous 
stem cell transplantation, remains challenging with an 
estimated median survival of less than 3 years [2]. 
Furthermore, because the median age of the patients is 
in the mid-30s, the impact of early mortality on the 
number of years lost from productive life is remark-
able. Drug development in this area will, therefore, 
address a significant unmet medical need [3]. Over the 
past decade, several potential therapeutic targets in HL 
have been identified, and are currently under preclini-
cal and clinical investigation [3, 4]. This chapter will 
focus on promising new monoclonal antibodies and 
small molecules that are currently in clinical trials for 
the treatment of patients with relapsed HL.

20.2 � Monoclonal Antibodies

20.2.1 � CD30

CD30 is considered an ideal target for monoclonal 
antibody therapy because it is highly restricted to the 
malignant Hodgkin and Reed−Sternberg (HRS) cells 
and is rarely expressed by nonmalignant T-cells [7, 
8]. CD30 is primarily expressed as a transmembrane 
protein, which can be shed in a soluble form [9–11]. 
Early, first-generation naked monoclonal antibodies 
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targeting CD30 were examined in phase I and II clini-
cal trials in patients with relapsed HL, with disappoint-
ing results possibly due to their poor antigen-binding 
properties, ineffective activation of effector cells, and 
neutralization by soluble CD30 [12, 13]. A second-
generation anti-CD30 antibody was recently developed 
that has an improved antigen binding and Fcg receptor 
IIIA affinity and specificity by optimizing human 
string content [14, 15]. This second-generation anti-
CD30 humanized antibody, XmAb2513, demon-
strated approximately threefold higher preclinical 
efficacy than that of cAC10-IgG1 and tenfold higher 
than 5F11. A phase I study of Xmab2513 is currently 
enrolling patients in the United States, and prelimi-
nary results were recently reported [16]. To date, 17 
patients received escalating doses ranging between 
0.3 and 12 mg/kg, given every 2 weeks. The study is 
ongoing, and the maximum tolerated dose (MTD) has 
not yet been reached. One patient treated at the 9 mg/
kg dose level achieved a partial remission, suggesting 
that this novel antibody may indeed be effective.

The anti-CD30 antibody cAC10 was recently con-
jugated to monomethylauristatin E (MMAE), a syn-
thetic antimicrotubule agent, resulting in a novel 
antibody drug conjugate called SGN-35 (brentux-
imab vedotin) [17]. Two phase I clinical trials were 
recently conducted using SGN-35 every 3 weeks and 
weekly schedules. In the first study, 45 patients with 
relapsed HL (n = 42) and ALCL (n = 3) were treated 
with escalating doses of SGN-35 (0.1–3.6 mg/kg) by 
intravenous infusions every 3 weeks [18]. Dose-
limiting toxicities were observed at doses higher 
than 1.8 mg/kg. SGN-35 demonstrated a significant 
single-agent activity, with 37% of patients achieving 
partial or complete remissions and 88% tumor reduc-
tions [18]. A second phase I study used SGN-35 on 
a weekly schedule for 3 weeks in 4-week cycles. 
Preliminary results demonstrated that doses up to 
1.2 mg/kg could be administered safely. Of 17 eval-
uable patients, 7 achieved CR and 1 PR. A phase II 
study in patients with relapsed HL recently com-
pleted enrollment of 102 patients, and results will 
be used to seek FDA approval in patients with 
relapsed HL.

Other interesting and promising approaches that 
target CD30 are currently being explored, including 
radio-immunoconjugation and diabody drug-conju-
gates [19–21].

20.2.2 � CD40

The CD40 receptor is physiologically expressed on 
hematopoietic (B- and T-cells, monocytes, dendritic 
cells), epithelial, and endothelial cells [7, 8]. CD40 is 
also expressed on malignant T-cells originating from 
CD40-expressing benign cell, including B-cell lym-
phoma, HRS cells of HL, and breast carcinoma [7, 22, 
23]. Activation of the CD40 receptor in HRS cells 
induces NF-kB, cytokine and chemokine secretion, 
and possibly survival. Although HRS cells do not 
express CD40L (CD154), they receive CD40L signals 
from the surrounding reactive cells, including B-cells, 
T-cells, and eosinophils [24, 25]. Thus, CD40 is more 
widely expressed than CD30 or CD20. However, 
despite this, it remains interesting as a therapeutic tar-
get. To date, two anti-CD40 antibodies (SGN-40 and 
HCD122) are being evaluated in patients with CD40-
expressing lymphoid malignancies, but only the 
HCD122 study is enrolling patients with HL [26–30].

20.2.3 � TRAIL (Apo2L) and Its Receptors

Tumor necrosis factor apoptosis inducing ligand 
(TRAIL) is a death protein that is primarily expressed 
by activated T-cells and NK cells [8]. TRAIL has four 
exclusive receptors: TRAIL-R1 (DR4), TRAIL-R2 
(DR5, KILLER, TRICK2), TRAIL-R3 (DcR1, TRID, 
LIT), and TRAIL-R4 (DcR2 (TRAIL-R4, TRUNDD) 
[31]. TRAIL-R1 and TRAIL-R2 are death receptors 
that primarily recruit the death domain-containing 
adaptor protein FADD (Fas-associated death domain), 
which then activates the apical caspases eight and ten to 
initiate apoptosis.TRAIL-R3 and TRAIL-R4 are decoy 
receptors [32]. TRAIL has a wide range of activity 
against primary and cultured tumor cells [33]. HL cell 
lines express TRAIL receptors R1, R2, and R4, but not 
R3 [6]. Both APO2L/TRAIL protein and agonistic 
anti-TRAIL-R1 and TRAIL-R2 antibodies can induce 
cell death in selected HL cell lines [6, 34]. Results from 
a phase II study using an agonistic anti-TRAIL-R1 
monoclonal antibody in patients with relapsed NHL 
demonstrated excellent safety profile and a promising 
clinical activity, especially in patients with follicular 
lymphoma [35]. Although there is currently no single 
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agent activity for TRAIL or agonistic antibodies to 
TRAIL-R1/R2 in patients with HL, an ongoing phase I 
clinical trial combining the agonistic anti-TRAIL-R2 
(AMG655) with vorinostat or bortezomib is currently 
enrolling patients with both HL and NHL. The ratio-
nale for this combination is based on preclinical data 
demonstrating synergy between TRAIL receptor ago-
nistic antibodies with histone deacetylase (HDAC) 
inhibitors and proteasome inhibitors.

20.2.4 � IL-13 and IL-13 Receptor

The rationale for targeting IL-13/IL-13R pathway is 
based on data demonstrating that cultured and primary 
HRS cells express both IL-13 and IL-13Ra-1. 
Neutralizing antibodies to IL-13 inhibited the growth 
of HL cell lines in vitro [36, 37]. IL-13 and IL-13Ra-1 
are expressed in more than 70% of classical HL lymph 
nodes, and approximately 10% of newly diagnosed 
patients with HL and 16% of patients with relapsed 
HL have detectable levels of IL-13 in their sera [38]. 
With this background, a phase I clinical trial using a 
fully human anti-IL13 monoclonal antibody (TNX-
650) has recently completed enrollment in patients 
with relapsed HL, and the results should become avail-
able shortly.

20.2.5 � CD25 (Daclizumab)

CD25 is the interleukin-2 receptor (IL-2R) alpha sub-
unit that is expressed on only few normal cells, such as 
activated T-cells, activated B-cells, but also expressed 
in T-cell and B-cell malignancies such as adult T-cell 
leukemia, cutaneous T-cell lymphoma, anaplastic large 
cell lymphoma, hairy cell leukemia, and also on 
Reed−Sternberg and associated polyclonal T-cells in 
HL. Daclizumab is a humanized anti-CD25 monoclo-
nal antibody that is approved by the FDA for prevention 
of renal allograft rejection. A phase I/II trial of dacli-
zumab conjugated to the Pseudomonas aeruginosa 
toxin PE38 was recently conducted in 59 patients with 
leukemia and lymphoma expressing IL-2R alpha. Eight 
patients showed objective responses (one patient had 
relapsed HL). In a follow-up phase II trial (56), 

daclizumab conjugated with the radionuclide yttrium-90 
(90Y-daclizumab) was investigated in 30 relapsed/
refractory HL patients (57). Radioimmunotherapy with 
90Y-daclizumab was given once every 6 weeks at doses 
of 15 mCi, for a maximum of seven cycles. Twelve 
patients achieved CR, seven had PR, and five stable dis-
ease (SD). The main side effects were hematologic with 
prolonged thrombopenia. Three patients developed a 
myelodysplastic syndrome following treatment.

20.3 � Small Molecules

Another treatment strategy is to target intracellular 
survival pathways that are activated in HRS cells, such 
as NF-kB, Jak/STAT, Akt/mTOR, Notch-1, and ERK 
[5, 6, 41]. These pathways can be targeted with small 
molecules that selectively inhibit a specific signaling 
molecule (Jak2 inhibitors, mTOR inhibitors, Bcl2 fam-
ily inhibitors), or may inhibit several molecules (HDAC 
inhibitors, proteasome inhibitors, heat shock protein 
(HSP)-90 inhibitors) (Fig. 20.1).

20.3.1 � Histone Deacetylases  
(HDAC) Inhibitors

HDACs are a family of enzymes that have diverse bio-
logic activities, including cell proliferation, survival, 
angiogenesis, and immunity [42–46]. To date, 18 HDACs 
have been identified in humans, and are grouped in two 
major categories: zinc-dependent HDACs and NAD-
dependent HDACs [47, 48]. Furthermore, HDACs are 
classified into four major classes: Class I (HDAC 1, 2, 3, 
8, and 11), class II (HDAC 4, 5, 6, 7, 9, and 10), class III 
(SIRT 1–7), and class IV (HDAC 11) (Fig. 20.2). Class 
III is NAD-dependent, whereas classes I, II, and IV are 
zinc-dependent. At the present time, clinical grade phar-
macologic inhibitors of zinc-dependent HDACs are 
available for clinical trials. Two inhibitors (vorinostat 
and romidepsin) have already been approved by the FDA 
for the treatment of patients with relapsed cutaneous 
T-cell lymphoma. Vorinostat and panobinostat (LBH589) 
inhibit HDAC classes I and II, and, therefore, are referred 
to as pan-HDAC inhibitors. MGCD0103 and etinostat 
(SNDX-275, formerly MS-275) preferentially inhibit 
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HDAC class I, and frequently are referred to as isotype-
selective HDACi (Fig. 20.2).

Interest in the potential use of epigenetic modulat-
ing therapy in HL is driven by the fact that although 
HRS cells are of B-cell origin, they infrequently 
express B-cell antigens [49]. This loss of B-cell pheno-
type has been reported as epigenetically regulated. 
Importantly, the expression of the B-cell silenced 
genes could be reinduced by the DNA hypomethylat-
ing agent 5-aza-deoxycytidine [50, 51]. Several HDACi 
have antiproliferative activity in HL-derived cell lines 
in  vitro. In a recent study, vorinostat was shown to 
induce cell cycle arrest and apoptosis in HL cell lines 
and to synergize with chemotherapy [52]. Furthermore, 
vorinostat inhibited STAT6 phosphorylation and tran-
scription in HL cell lines, an effect that was associated 
with a decrease in the expression and secretion of T

h
2-

type cytokines and chemokines, including thymus 

and activation-regulated chemokine (TARC/CCL17) 
and interleukin (IL)-5, and an increase in T

h
1-type 

cytokines/chemokines, including a profound increase 
in IP-10 levels [52]. Finally, both HDAC inhibitors, 
alone or in combination with hypomethylating agents, 
have been shown to induce cancer testis antigen 
(CTA) expression, including MAGE, SSX, and 
NY-ESO-1 family members in a variety of tumors, 
and therefore may induce favorable antitumor immune 
response in vivo [53].

Several HDAC inhibitors are currently being 
evaluated for the treatment of HL. Clinical responses 
have been observed with MGCD0103, panobinostat, 
and vorinostat (Table  20.1). MGCD0103 is a novel 
nonhydroxymatebenzamide-based HDAC inhibitor that 
selectively inhibits HDAC 1 and 2 (and to a lesser 
extent, 3 and 11) isoforms [54]. It has a reported IC

50
 

inhibition of recombinant HDAC1 activity of 0.082 mM 
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Fig. 20.1  Targeted therapy of HRS cells. HRS cells express a 
variety of receptors and antigens that can be targeted by mono-
clonal antibodies. Many of these receptors trigger well-defined 

signaling pathways that promote HRS cell survival. These sig-
naling pathways can be targeted by a variety of small 
molecules
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compared with IC
50

 >30 mM for HDAC6 [55, 56]. It is 
orally available with a relatively long half-life of 9 h. 
The safety and efficacy of MGCD0103 was recently 
evaluated in a phase II study in patients with relapsed 
and refractory HL [57]. In the absence of disease pro-
gression or prohibitive toxicity, patients were allowed 
to continue therapy for a maximum of 12 months. 
Initially, 20 patients were treated with 110  mg orally 
given three times per week. Seven (35%) patients 
achieved partial and complete remissions. However, 
treatment was discontinued after a median of 4.5 months 

due to grade 3 or 4 toxicity. Subsequently, the study 
was revised to allow a lower starting dose of 85 mg at 
the same schedule. Three of the ten patients enrolled on 
the reduced dose achieved partial remissions. 
Furthermore, grade 3 and 4 toxicity was reduced to 
20%. Overall, 80% of the 30 evaluable patients had 
some decrease in their tumor measurements. Although 
none of the patients developed significant EKG abnor-
malities, two patients developed pericardial effusions 
requiring discontinuation of therapy. In a second trial, 
panobinostat, a potent pan-DAC inhibitor, was recently 
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Fig. 20.2  Human zinc-dependent HDACs  
and their inhibitors

Agent Target Route Phase Number of 
evaluable 
patients

PR CR PR + CR First author

SGN35 [39] CD30 IV I (q3 weeks) 42 7 10 17 (40%) Younes

SGN35 [40] CD30 IV I (weekly) 17 1 7 8 (47%) Bartlett

Y-90 Daclizumab [47] CD25 IV II 30 7 12 19 (63%) O’Mahony

MGCD0103 [66] HDACs Oral II 21 6 2 8 (38%) Younes

ITF 2357 [72] HDACs Oral II 13 0 0 0 Viviani

Panobinostat [68] HDACs Oral I 20 8 0 5 (40%) DeAngelo

Panobinostat [69] HDACs Oral II 27 4 1 5 (18%) Younes

Vorinostat [70] HDACs Oral II 25 1 0 1 (4%) Kirschbaum

Lenalidomide [95] Multiple Oral II 12 3 1 4 (33%) Fehniger

Lenalidomide [96] Multiple Oral II 12 6 0 6 (50%) Böll

Lenalidomide [97] Multiple Oral II 15 2 0 2 (13%) Kuruvilla

Everolimus [81] mTOR Oral II 17 8 1 9 (53%) Witzig

Table 20.1  Summary results of novel agents for relapsed HL
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evaluated in a phase I study in patients with hemato-
logic malignancies that also included patients with HL 
[58]. Five of 13 (38%) patients achieved partial remis-
sions. The most common side effects were fatigue, nau-
sea, and diarrhea. Furthermore, 38% of patients 
developed grade 4 thrombopenia. However, no clini-
cally significant cardiac toxicity was reported. Based 
on this promising clinical activity, a large international 
phase II study of panobinostat in relapsed HL is now 
enrolling patients to confirm these results. Finally, the 
Southwest Oncology Group (SWOG) conducted a 
phase II study of vorinostat in patients with relapsed 
HL [59]. Twenty-five patients were treated with 200 mg 
vorinostat given orally twice per day for 14 days every 
21 day cycle. Unlike MGCD0103 and panobinostat, 
vorinostat produced modest clinical activity, as only 
one patient (4%) achieved a partial remission.

ITF 2357 is a pan-HDAC inhibitor that was recently 
evaluated in a phase II study in patients with relapsed 
HL. Fifteen patients were treated with daily doses of 
100  mg, of whom 13 were evaluable for response. 
Seven patients (54%) had a stable disease, with a 
reduction in FDG-PET uptake in six patients (46%) 
lasting at least 3 months; six patients had disease pro-
gression. Interestingly, a correlation was found between 
a decrease in serum TARC levels and the response to 
treatment in this study [6]. In a follow-up study, ITF 
2357 was combined with mechlorethamine. Preliminary 
data in 17 evaluable patients reported two CR (12%), 
three PR (18%), and five SD (29%). The main toxicity 
was hematologic, with seven patients experiencing 
grade III/IV neutropenia and eight thrombopenia; four 
patients had infections during treatment [73]. Taken 
together, these data suggest that ITF 2357 has a modest 
clinical activity in relapsed/refractory HL.

20.3.2 � PI3K/Akt/mTOR

The phosphatidylinositol-3-kinase (PI3K)/Akt/mTOR 
signaling pathway is one of the most aberrantly acti-
vated survival pathway in cancer, making it an impor-
tant target for drug development [60, 61]. This pathway 
is aberrantly activated in cultured and primary HRS 
cells by several mechanisms, including activation of 
CD30, CD40, and RANK receptors, presence of muta-
tions in the p85a subunit of PI3K, and inactivation of 
PTEN function by phosphorylation [62–67]. Inhibition 

of PI3K, Akt, or mTOR by various small molecules 
have reported to induce cell cycle arrest, autophagy, 
and apoptosis in HRS-derived cell lines in vitro [68–
70]. To date, only the mTOR inhibitor everolimus has 
been evaluated in patients with relapsed HL. Johnston 
et al recently reported results from an ongoing phase II 
study using the oral mTOR inhibitor everolimus 
(RAD001) [71]. Fifteen evaluable patients with 
relapsed HL were treated with daily doses of 10 mg 
everolimus for up to 1 year. Seven patients (47%) 
achieved partial responses (Table  20.1). Grade 3 
adverse events included thrombopenia and anemia. 
Despite the small number of patients treated on this 
ongoing study, this data generated excitement for the 
potential role of mTOR inhibitors, and potentially Akt 
and PI3K inhibitors for the treatment of HL. It is 
important to note that response to mTOR inhibitors 
might be augmented by modulating immune response 
and inhibiting angiogenesis. These mechanisms should 
be explored in future clinical trials [72, 73].

Because HRS cells frequently demonstrate aber-
rant and simultaneous activation of several survival 
pathways, including NF-kB, ERK, PI3K/Akt, ratio-
nally designed combination strategies will be required 
to improve response rates and to prolong response 
duration of mTOR inhibitors. In vitro experiments 
suggested that mTOR inhibitors synergize with che-
motherapy, PI3K inhibitors, and HDAC inhibitors in 
a variety of tumor models, including HL [68, 74]. A 
phase I clinical trial combining the HDAC inhibitor 
panobinostat with the mTOR inhibitor everolimus is 
currently enrolling patients with NHL and HL.

20.3.3 � NF-kB

NF-kB plays a central role in regulating the expres-
sion of various genes involved in cell survival, apop-
tosis, carcinogenesis, and inflammation, making it a 
potential therapeutic target [75]. The NF-kB family 
is composed of five proteins: NF-kB1 (p50/p105), 
NF-kB2 (p52/p100), RelA (p65), RelB, and c-Rel. 
These proteins are homodimers and heterodimers 
that are organized into two distinctive pathways: the 
classical (or canonical) and the alternative (nonca-
nonical) pathways. At the center of the classical 
pathway is the p50/p65 heterodimer. In unstimulated 
cells, p50/p56 is present in the cytoplasm in an 
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inactive form, bound to inhibitors of NF-kB (IkBa, 
IkBb, and IkBe). Upon activation, IkB is rapidly 
phosphorylated, ubiquitinated and subsequently 
degraded by the proteasome. Consequently, the 
active p50/p65 heterodimer is translocated to the 
nucleus to induce transcription of target genes [76]. 
Activation of the alternative pathway results in the 
RelB/p52 and RelB/p50 dimers that also translocate 
to the nucleus and induce gene transcription. Both 
pathways have shown to be activated in primary and 
cultured HRS cells, and to be involved in promoting 
HRS cell survival [4, 5, 77–79]. In addition to auto-
crine and paracrine cytokine loops that can activate 
NF-kB in HRS cells, mutations in the I-kB and A20 
genes were also reported to be involved in the aber-
rant activation of NF-kB in HRS cells [4, 80, 81]. 
The first attempt to therapeutically inhibit NF-kB 
activation in HL used the proteasome inhibitor bort-
ezomib. By inhibiting the degradation of cytoplas-
mic IkBa, bortezomib inhibits the activation of 
NF-kB. Furthermore, bortezomib has been reported 
to alter the levels of p21, p27, Bcl-2, Bax, XIAP, 
survivin, and p53, leading to cell cycle arrest and 
apoptosis in several tumor types [82]. In preclinical 
studies, bortezomib inhibited HL cell line prolifera-
tion and induced cell apoptosis and cycle arrest at 
the G

2
/M phase and in a time- and dose-dependent 

manner. Bortezomib was effective even in HL cell 
lines that harbored mutations in the Ik-Ba gene [83]. 
Furthermore, bortezomib enhanced the effects of 
gemcitabine, and potentiated treatment with anti-
CD30 antibodies and TRAIL/APO2L [83, 84]. 
Despite these promising preclinical results, borte-
zomib demonstrated no significant clinical activity 
in patients with relapsed HL [85–87].

Based on preclinical experiments that demon-
strated synergy between bortezomib and chemother-
apy, a phase I study was recently conducted to evaluate 
the combination of bortezomib with ICE chemother-
apy in patients with relapsed/refractory HL [88]. 
Bortezomib was given at doses 1, 1.3, or 1.5 mg/m2 
on day 1 and 4 of each ICE cycle. Twelve patients 
were enrolled, of whom six achieved PR and three 
achieved CR, for an overall response rate of 75%. 
Treatment was well tolerated and was associated with 
reversible grade 4 neutropenia and thrombopenia in 
33 and 50% of patients, respectively. Based on these 
encouraging data, a randomized phase II study is 
planned and will open for patient enrollment soon. In 

a second study, bortezomib was combined with gem-
citabine for the treatment of patients with relapsed 
HL [89]. Bortezomib 1 mg/m2 was given on days 1, 4, 
8, and 11, and gemcitabine 800 mg/m2 was given on 
days 1 and 8. Treatment was repeated every 21 days. 
The overall response rate in 18 patients who were 
enrolled on study was 22%. Because of the relatively 
low response rate, coupled with treatment-related 
liver toxicity, the authors concluded that this regimen 
should not be further developed in HL.

20.3.4 � Heat Shock Protein 90 (HSP90)

Heat shock proteins (HSPs) are cellular chaperone 
proteins that are required for essential housekeeping 
functions such as protein folding, assembly, and trans-
portation across different T-cell compartments. HSPs 
also promote cell survival by maintaining the struc-
tural and functional integrity of several client proteins 
that regulate cell survival, proliferation, and apoptosis 
[90, 91]. Although HSPs are expressed in both normal 
and malignant T-cells, they are frequently overex-
pressed in cancer cells, raising the possibility that they 
play a role in maintaining malignant transformation. 
HSP90 is the most abundant proteins in eukaryotic 
cells, and it selectively interacts with and stabilizes 
several key signaling proteins, protein kinases, and 
oncogenic signal transduction proteins, making it an 
attractive target for cancer therapy.

Several new targets have recently been identified for 
potential treatment of HL, including ERK, Akt, and 
NF-kB, all of which are chaperoned by HSP90 [6, 83, 
92]. Furthermore, HSP90 is overexpressed in primary 
and cultured HL cells [93, 94]. Preclinical experiments 
indicated potential therapeutic value for inhibition of 
HSP90 function by the small molecule 17-AAG in HL 
cell lines, as it downregulated several survival proteins 
and induced apoptosis in a dose- and time-dependent 
manner [93]. Furthermore, 17-AAG depleted cellular 
contents of Akt, reduced cFLIP levels, and synergized 
with doxorubicin and agonistic anti-TRAIL death 
receptor antibodies [94]. With this background, a phase 
II study to explore the potential clinical efficacy of 
17-AAG in patients with relapsed HL was initiated, and 
the results are expected to be available in the near 
future.
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20.3.5 � Lenalidomide

Three independent groups recently evaluated the 
safety and efficacy of lenalidomide in patients with 
relapsed HL. Fehnigeret al reported their experience 
with 25 mg/day of lenalidomide on days 1–21 of a 
28-day cycle [95]. Treatment continued until disease 
progression or unacceptable adverse events. Despite 
the liberal dose reductions that were allowed for 
hematologic and nonhematologic toxicity, four of 12 
evaluable patients responded (1 CR and 3 PR). Most 
common adverse events (grade III/IV) included neu-
tropenia (47%), leukopenia (33%), thrombopenia 
(27%), and anemia (20%). The same regimen was 
used by the GHSG in a named-patient-program [96]. 
Twelve patients with relapsed or refractory HL were 
included of whom ten had not responded to their last 
treatment. Lenalidomide was generally well toler-
ated. Six of the 12 patients achieved remission (1CR 
and 5 PR); six patients had stable disease. One patient 
continued treatment for more than 24 months in 
ongoing CR. In another study, Kuruvilla and col-
leagues treated 15 patients with relapsed HL using 
the same dose and schedule of lenalidomide as in the 
previous study [97]. Two patients achieved PR and 
seven achieved stable disease, with a median time to 
progression of 3.2 months. Six patients discontinued 
therapy due to disease progression and five due to 
toxicity. Four patients developed grade III/IV neutro-
penia and thrombopenia and five patients developed 
skin rash (grade 1–2).Taken together, these data sug-
gest that lenalidomide has promising single-agent 
activity in relapsed HL.

20.4 � Other Emerging Novel Therapies

20.4.1 � Autologous LMP2-Specific 
Cytotoxic T Lymphocytes  
(CTL) for the Treatment of 
Relapsed EBV-Positive HL

HRS cells that are infected with EBV virus express sev-
eral viral antigens that may serve as targets for T-cell 

therapy [98]. Initial clinical studies using polyclonal 
EBV-specific CTLs had clinical remissions in patients 
with relapsed EBV+ HL [99]. Analyses of EBV-CTL 
lines also indicated that small populations of T-cells 
reactive against the tumor-associated antigen LMP2 
were present in the majority of the infused lines. There 
was some expansion in the peripheral blood following 
infusion, suggesting that CTLs specifically targeting 
LMP2 might have greater efficacy in these patients. In a 
recent study, LMP2-CTLs were generated from 14 
patients with EBV+ lymphomas (HL and NHL) [100]. 
Polyclonal LMP2-CTL lines recognized 1–7 LMP2 
epitopes. Using this approach, five out of six patients 
who received LMP2-CTL as adjuvant therapy post-
stem-cell transplant or chemotherapy remained in remis-
sion up to 22 months post-LMP2-CTL infusion. To 
improve the efficacy of this approach, Bollard and col-
leagues used gene transfer into antigen-presenting cells 
(APCs) to augment the expression and immunogenicity 
of LMP2 [101]. These modified APCs increased the fre-
quency of LMP2-specific CTLs by up to 100-fold com-
pared with unmodified LCL-APCs. The LMP2-specific 
population expanded and persisted in  vivo without 
adverse effects. Nine of ten patients treated in remission 
of high-risk disease remained in remission, and five of 
six patients with active relapsed disease had a tumor 
response, which was sustained for more than 9 months. 
In a different approach, Di Stasi and colleagues hypoth-
esized that for the adoptive transfer of tumor-directed 
T-lymphocytes to be effective, a match between HRS-
cell-produced chemokines and chemokine receptors 
expressed by effector T-cells will be needed. Taking 
advantage of the fact that HRS cells produce thymus- 
and activation-regulated chemokine/CC chemokine 
ligand 17 (TARC/CCL17) and macrophage-derived 
chemokine (MDC/CCL22), effector cells were trans-
fected with the TARC receptor CCR4, which enhanced 
their migration to the HRS environment [102]. Further
more, T-lymphocytes expressing both CCR4 and a chi-
meric antigen receptor directed to CD30 sustain their 
cytotoxic function and cytokine secretion in vitro, and 
produce enhanced tumor control when infused intrave-
nously in mice engrafted with human HL. These proof-
of-principle experiments provide very encouraging 
results for an improved efficacy of T-cell therapy in 
patients with HL, and will soon be examined in clinical 
trials in patients with relapsed HL.
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20.4.2 � Future Directions: New Targets, 
Combination Therapy, and 
Predictive Molecular Markers

Notch1, JAK/STAT, MAPK/ERK, cIAP2, and cFLIP 
activation or overexpression have all been shown to 
promote HRS cell survival and resistance to therapy. 
Inhibition of these pathways by small molecules or 
siRNA have been reported to induce cell death of HRS 
cells in vitro, and in some cases enhanced the efficacy of 
other treatment modalities. Clinical trials targeting these 
pathways are likely to be initiated in the near future. As 
more targets are being identified, it will be necessary to 
prioritize clinical trials with these novel agents, espe-
cially with the relatively small pool of patients eligible 
for these studies. Furthermore, as many of these agents 
are expected to produce low response rates, it will be 
important to perform correlative studies on patients’ bio-
specimens to prospectively identify those who are likely 
to respond to therapy. Finally, it will be important to pri-
oritize combination regimens to be evaluated in future 
randomized studies in order to improve long-term remis-
sion rates while reducing treatment-related toxicity.
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21.1 � Quality of Life in Hodgkin 
Lymphoma

The long-term cure rates for Hodgkin lymphoma (HL) 
patients are above 80% for all stages. Given this 
impressive long-term outcome for a patient population 
with a median age of about 30 years at diagnosis, the 
quality of survivorship has become more and more 
important. Organ dysfunctions including hypothyroid-
ism, hypogonadism, cardiopulmonary complications, 
and secondary neoplasia as well as health-related qual-
ity of life (HRQoL) are major factors contributing to 
the patient´s general well-being.

Accordingly, we have experienced an increasing 
amount of research over the past 10–20 years focusing 
on HRQoL in HL survivors. Most HL-related HRQoL 
research has been limited by the use of cross-sectional 
approaches and small patient numbers, with inadequate 
patient and treatment history and variable follow-up. 
So far, only two prospectively planned HRQoL studies 
in HL are available: one from the SWOG (Southwest 
Oncology Group) and the other from the EORTC 
(European Organisation for Research and Treatment 
of Cancer) [1, 2]. Both studies included only early-
stage disease patients, and only in the SWOG-study 
pretreatment baseline values were documented. Taken 
together, there is only very limited validated knowl-
edge on HRQoL in HL patients.

Impaired HRQoL is a major problem for many HL 
survivors, often related to high levels of fatigue and 
persisting cognitive and gonadal dysfunction. Very 
little is known on factors contributing to this poor 
long-term outcome of the affected patients. Treatment-
induced organic dysfunctions, like endocrine, immu-
nological, and cardiopulmonary changes, have been 
discussed but were not confirmed in more recent 
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studies. Also, psychological consequences might play 
a role. These include emotional distress, especially 
depression and anxiety. In addition, social or role-
functioning difficulties might influence HRQoL, 
including inability to return to work and adjustment to 
the workplace environment secondary to diminished 
capacity to complete work tasks. Finally, the long-term 
outcome in terms of HRQoL might only reflect 
patients’ coping capacity facing the existential crisis of 
a malignant disease. Another factor is the patients’ 
spirituality that might help to get back to “normal” life 
after the end of cancer treatment.

Thus, many very different factors contribute to the 
complexity of HRQoL. Most of them are difficult to 
measure and render research in this field challenging. 
Fortunately, there is increasing recognition that the 
survivorship experience among young adults needs to 
be better understood in order to develop intervention 
strategies. Currently, large study groups including 
EORTC and GHSG (German Hodgkin Study Group) 
have focused their research on HRQoL, and new per-
spectives are evolving. As a result from these studies, 
we will hopefully learn to better understand the patient 
and his or her well-being and not only to treat the lym-
phoma successfully. In this chapter, we describe the 
methods to determine HRQoL and then summarize the 
currently available results from cross-sectional and 
longitudinal studies in HL.

21.2 � Health-Related Quality  
of Life Assessment

As indicated above, a major problem is to assess 
HRQoL due to its multiple dimensions. HRQoL 
includes many aspects of physical, psychological, and 
social functioning. It therefore mirrors the physical, 
psychological, and social health of patients after treat-
ment for cancer. The determination of HRQoL relies 
on the patient-reported outcomes (PRO) – a term 
which is used for health-status measurement that 
comes directly from the patient. According to the 
FDA (US Food and Drug Administration), PRO mea-
sures include “such extremely complex concepts as 
HRQoL, which is widely understood to be a multido-
main concept with physical, psychological, and social 
components” [3].

21.2.1 � HRQoL Instruments

To obtain information from the patients’ point of view, 
validated instruments are needed. Until recently, HRQoL 
assessment was predominantly conducted in palliative 
settings, and questionnaires such as the EORTC QLQ-
C30 were developed for patient groups in palliative set-
tings, more focusing on short-term effects of treatment 
and disease. Accepting this limitation, the most suitable 
cancer-specific core instruments for international assess-
ment are EORTC QLQ-C30 and FACT that are both 
available in different languages, and are brief and eco-
nomical to administer [4, 5]. One of the difficulties in 
designing HL-specific HRQoL modules is that, unlike 
other cancers, the particular problems are not easily 
identified. The general disadvantage of all available 
standard instruments is the lack of a HL-specific mod-
ule. The wide range of key interval times (treatment 
period, follow-up, long-term surveillance) is not ade-
quately reflected in available instruments. Most pub-
lished trials in HL addressing late effects and HRQoL 
use different instruments (mainly questionnaires, but 
also mixed questionnaire-interview approaches) that 
focus on psychological outcome including mood, 
depression, psychosocial adaptation, and psychiatric 
symptoms. Besides this complex of psychological out-
comes, the socioeconomic impact of the disease is also 
evaluated. This includes living circumstances, occupa-
tional situation, leisure activities, family life, drinking, 
and smoking habits. Infertility and sexual problems as a 
consequence of treatment have received particular atten-
tion. As outlined above, these instruments derived from 
the general assessment of late effects and came from a 
variety of research fields and illnesses. Only recently, 
explicit HRQoL instruments such as the EORTC QLQ-
C30 have been included in cross-sectional studies. Few 
published reports addressed both late effects and longi-
tudinal HRQoL assessment. Most newer instruments 
use patient self-reporting of the perceived HRQoL. 
Apart from the broader and general domains of HRQoL, 
there is agreement on the necessity of assessing specific 
disease- and treatment-related problems such as body 
image, sexuality, fatigue, spirituality, and gender issues, 
as well as issues pertaining to very old or very young 
patients. To accomplish this, a number of groups fol-
lowed the modular approach in the development of 
questionnaires (FACT-G and the QLQ-C30 represent 
core instruments) and supplemented the core instrument 
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with specific tumor- or treatment-related modules. A 
major challenge to prospective multicenter trials using 
longitudinal data on HRQoL is the completeness of data 
sets, as missing data limit the value of the results. A 
high standard of data collection is essential for a given 
trial to be successful, and HRQoL assessments have to 
be a mandatory component of the clinical trial design 
and part of the inclusion criteria.

21.2.2 � HRQoL Assessment in European 
Cooperative Study Groups

Since no HL-specific modules for the assessment of 
HRQoL and fatigue were available, the EORTC 
Lymphoma Group (EORTC LG) together with the 
French Groupe D’Etude des Lymphomes de L’Adulte 
(GELA) and the GHSG, in close collaboration with the 
EORTC QL Group (EORTC QLG), devised an alterna-
tive way to measure HRQoL and fatigue in patients 
with HL [6]. The main elements of the EORTC QLQ 
C30 core instrument were supplemented by already-
existing instruments or modules addressing particu-
larely fatigue, sexuality, and fear of childlessness, and, 
as single questions, special side effects of chemother-
apy and radiotherapy. The first use of this so-called 
EORTC H8-QL questionnaire, developed for repeated 
measurements and extensively tested within the trial 
groups, has yielded promising results on psychomet-
rics, applicability, and appropriateness of content. The 
H8-QL questionnaire to date is available in ten European 
languages and is complemented by the Life Situation 
Questionnaire (LSQ), developed originally in Caen, 
France. The LSQ is currently available in French, 
German, and English and is being prepared for further 
international evaluation. It addresses the following 
areas: general living circumstances (e.g., housing), 
work history and current occupational status, marital 
status and family relationships, health records, family 
medical history, current health status, leisure activities, 
and economic and insurance problems related to HL.

21.2.3 � HRQoL as Study Endpoint

HRQoL assessment in HL patients is not yet established 
as a standard procedure in clinical trials. It remains thus 

unclear whether HRQoL scales can detect clinically rele-
vant differences between defined patient subgroups. 
Furthermore, the question of which score difference con-
stitutes a clinically relevant difference for the patient has 
gained considerable attention [2, 7]. Data are available 
from a number of HRQoL studies that suggest that score 
differences of at least 8/100 but preferably above 15/100 
would mean a clinically relevant change for a given 
patient. Considering that it is unknown how much time is 
required before long-term disadvantages in HRQoL 
become obvious, the length of time during which patients 
should be evaluated cannot be anticipated. The EORTC, 
GELA, and GHSG are including longitudinal HRQoL 
assessment in ongoing trials. Preliminary analyses sug-
gest that 2–3 years after completion of therapy is a crucial 
time period and a possible turning point for either recov-
ery or long-term limitations [2]. HRQoL assessment is 
usually regarded as a secondary outcome endpoint. Before 
it can be used as a primary endpoint, HRQoL assessment 
must fulfill various requirements, and the method of 
assessment must clearly be applicable in a multicenter 
setting. Since these instruments are available (e.g., QLQ-
C30), assessment of HRQoL should be mandatory in any 
clinical trial in HL patients as the secondary endpoint. As 
long as no model of HRQoL impairment in HL has been 
established, no evidence-based intervention strategies can 
be developed and, therefore, HRQoL is not suited as a 
primary endpoint in randomized clinical trials.

21.2.4 � Measuring Fatigue

A frequently reported problem in the aftermath of 
treatment for HL is fatigue. Although certainly not 
restricted to HL, fatigue seems to occur in a high pro-
portion of patients successfully treated for HL. Over 
the last years, research activities on fatigue have estab-
lished instruments that are now available to measure 
the different aspects of this symptom [8]. As with 
HRQoL in general, current opinion perceives fatigue 
as a combined construct with a number of dimen-
sions. One dimension refers to physical and mental 
fatigue in accordance with what would be seen after 
intensive exercise or work. Other aspects include 
motivation, activity, and cognition, and the connec-
tion with mood states such as depression. Interestingly, 
available data suggest that a substantial proportion of 
fatigue reported by patients is not primarily due to their 
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physical condition. Particularly in surviving patients after 
HL or breast cancer, high levels of fatigue occur with 
normal levels of physical functioning. An example of an 
instrument that assesses fatigue is the Multidimensional 
Fatigue Inventory (MFI-20), which uses 20 items on five 
subscales.

21.2.5 � HRQoL in Special Patient Groups

Only recently there has been progress in the develop-
ment of instruments to measure HRQoL and late effects 
in pediatric oncology [9]. HRQoL assessment in chil-
dren must address normal developmental issues in 
areas such as peer relations, school, family, and play, 
which differ from the topics addressed in adult instru-
ments. Questionnaires must also be suitably adminis-
tered. In children under the age of 10 or 11, self-reporting 
is neither reliable nor feasible; proxy ratings by the par-
ents or caregivers are necessary. A number of proxy 
and self-rating tools are already available from pediat-
ric psychology and psychiatry but no established and 
tested instruments exist for HRQoL research in chil-
dren and adolescents with HL.

As with the HRQoL assessment in pediatric oncology, 
only in the last few years the problems of elderly patients 
have been noticed. HRQoL assessment in elderly patients 
must address the aspects of daily living and the adjust-
ment to physical and mental disabilities. Questionnaires 
must be suitably devised and administered and the patients 
may need assistance in filling out forms. For a subgroup 
of patients, self-reporting is no longer reliable or feasible; 
proxy ratings by caregivers are necessary. Some proxy 
and self-rating tools are meanwhile available from geriat-
rics but no validated instruments exist for HRQoL 
research in elderly HL patients.

21.3 � HRQoL in Clinical Trials  
for Hodgkin Lymphoma

21.3.1 � Lessons from Retrospective  
and Cross-Sectional Studies

More than 30 studies can be identified since 1986 deal-
ing with HRQoL in HL as reviewed recently [10]. In 
brief, mainly cross-sectional studies in HL survivors 
have been performed over the last two decades including 

some retrospective studies. A variety of HRQoL instru-
ments were employed in these studies and some trials 
used a matched control design or compared patient data 
with data from general population surveys. Follow-up 
periods ranged from 0 to 40 years after end of treatment. 
These analyses have shown that a substantial number of 
patients still carry a substantial burden even many years 
after the end of therapy. To illustrate these findings, the 
work by Fobair and colleagues is well suited [11]. They 
reported that ongoing fatigue was a major concern for 
37% of 403 survivors. This was influenced by age, time 
after diagnosis, stage of disease, and type of treatment. 
Factors associated with better outcome were younger 
age, longer time since diagnosis, earlier stage, and radia-
tion therapy without chemotherapy. Fatigued survivors 
also reported higher rates of depression. Other concerns 
identified were marital disruption, problems with infer-
tility, and low sexual activity. In addition, 29% of patients 
in this sample was unemployed, with 18% currently 
looking for a job. It was also noted that HL survivors 
performed more poorly on measures of physical and 
psychosocial function when compared with either 
patients having acute leukemia, testicular cancer, or 
healthy population samples. These studies suggested a 
relationship between outcomes and the intensity of treat-
ment; however, their retrospective and uncontrolled 
design limits the chance to determine causality.

Some relevant findings from case-control studies, 
which deliver somewhat better evidence, performed in 
HL survivors are listed in Table 21.1. All but one study 
involved healthy controls from regional population 
registries or from the general population. In summary, 
results of these studies are related to a variety of areas 
but consistently report on emotional strain and fatigue 
even years after the end of treatment. To summarize, 
these cross-sectional studies have shown persisting 
impaired HRQoL especially with regard to fatigue for 
a substantial number (up to 40%) of HL patients but 
besides age no risk factor was consistently reported. 
Although these studies used control groups, their 
design neither allows firm conclusions on the etiology 
of persisting impaired HRQoL nor to develop a model 
for a persisting defective HRQoL in HL.

21.3.2 � Results from Prospective Trials

The first study reporting a longitudinal prospectively 
designed investigation on HRQoL in HL was conducted 
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Study Cases (patients) Controls Main results

Joly et al. [12] 93 patients issued from  
the regional cancer  
registry

186 matched controls  
(age and sex) from the 
regional population  
registry

More physical, role, and cognitive 
impairments among cases
Major limitation in borrowing from banks 
remained the major problem in cases

Loge et al. [13] 459 patients (1971–1991) 
treated at the Norwegian 
Radium Hospital

General Norwegian 
population

Higher levels and longer lasting  
of fatigue among cases
Disease stage predicted fatigue
No association with treatment 
characteristics

Wettergren et al. [14–16] 121 patients treated in  
Stockholm County 
(1972–1991)

236 matched controls 
(age and sex) from the 
regional population  
registry

Most important reported life  
areas were family, personal health,  
work, relations to other people
Lower physical health in patients

Rüffer et al. [17] 836 patients from the  
GHSG trials HL1-6 
(1981–1993)

935 matched controls  
(age, sex, living area)  
from regional  
population registries

Higher levels of fatigue in cases
Fatigue associated with systemic 
symptoms, Karnofsky, occurrence  
of relapse
Time since end of treatment had no 
influence on the reported fatigue levels

Holzner et al. [18] 126 patients treated  
at a single institution 
(1969–1994)

926 controls from the  
general Austrian  
population

Higher functional, social well-being,  
and total scores in cases  
compared to controls

Hjermstad et al. [19] 475 patients (1971–1997)  
treated at the Norwegian  
Radium Hospital

General Norwegian 
population

Higher levels of total fatigue (TF) in cases
Persisting chronic fatigue (CF) was 
associated with B-symptoms  
at diagnosis and treatment period
50% of patients reporting CF in 1994 did 
not report CF 8 years later
No correlation of fatigue levels with 
treatment variables  
(e.g., radiation fields)

Table 21.1  Selected results from HRQoL studies in long-term survivors of HL

by the SWOG [1]. In the early 1990s, there was consid-
erable debate about the necessity for staging laparo-
tomy in early-stage HL (clinical stage IA and IIA), 
which was driven by the morbidity of the procedure. 
Thus, there was increasing interest in using short 
courses of chemotherapy with more limited radiother-
apy to maximize cure and minimize toxicity. The 
SWOG designed a treatment protocol (SWOG 9133) to 
investigate alternative strategies for the management of 
early-stage HL, investigating subtotal lymphoid irradia-
tion (STLI) vs. three cycles of doxorubicin and vinblas-
tine followed by STLI (combined-modality therapy 
(CMT)) in early-stage HL patients. This study was 
accompanied by a prospective quality-of-life study 
termed SWOG 9208. The objectives of this study were 
to evaluate prospectively the health status and HRQoL 
of early-stage HL patients receiving either STLI or CMT, 
to describe the short-term effects of the treatments on 

symptoms and QoL, and to evaluate the intermediate 
and long-term effects of the two treatments on HRQoL. 
Short-term and intermediate outcomes during the first 
2 years after random assignment were reported. Both 
treatment groups experienced a short-term increase in 
symptoms, fatigue, and poorer QoL as a result of the 
treatment, which was more severe in the CMT group at 
6 months after diagnosis due to more prolonged treat-
ment. However, 1 year after random assignment, out-
comes in the two treatment groups were indistinguishable. 
In this study, increased fatigue was identified in favor-
able HL patients before treatment that persisted after 
successful curative treatment. Importantly, fatigue lev-
els for both study groups (CMT 45.9 and STLI 49.7) 
were increased at baseline. These scores were lower 
than scores for the general population. Before any treat-
ment, these early-stage HL patients reported scores that 
were about a half SD below normal and were more 



302 H.-H. Flechtner and P. Borchmann

consistent with scores from older patients with isch-
emic heart disease. While fatigue is a known symp-
tom for HL, it was unexpectedly prominent in this 
patient cohort having a favorable prognosis and with-
out B-symptoms. It was expected to improve subse-
quent to treatment and induction of remission. 
However, the fatigue level did not improve to normal 
values. The Vitality Scale scores at 1 and 2 years were 
slightly below the baseline score, and were substan-
tially lower than comparative data from a breast can-
cer survivor sample after adjuvant treatment and 
radiotherapy. Though this is one of the most impor-
tant studies on HRQoL in HL, no conclusions can be 
drawn with regard to tumor stage at baseline or aggres-
siveness of the chemotherapy being a risk factor for 
HRQoL impairment, since only early-stage low-risk 
patients were included.

The second study was recently published by Huette 
and colleagues [2]. They reported the results of their 
longitudinal HRQoL study examining short-term and 
long-term HRQoL among HL survivors from a large 
phase 3 trial (EORTC-H8). The study included early 
favorable HL patients and compared chemotherapy 
plus radiotherapy with radiotherapy alone; in patients 
with early unfavorable disease different chemother-
apy–radiotherapy combinations were compared. Of 
1,577 patients recruited to the trial throughout Europe, 
2,666 assessments from 935 patients were available 
for the analysis with median follow-up of 92 months. 
Interestingly, therapeutic modality (radiotherapy vs. 
chemotherapy) did not have significant effects on 
HRQoL, and many patients experienced recovery 
within 18 months of completing treatment. However, 
high-level fatigue more than 2 years after therapy was 
common. The only factor that predicted long-term 
fatigue was fatigue at the end of treatment. Factors 
associated with significantly impaired HRQoL were 
older age and female sex. Furthermore, age affected all 
functioning and symptom scores. Also, of note, emo-
tional domains did not show the same magnitude of 
improvement after treatment as physical domains.

Strengths of this report were the longitudinal design, 
large cohort size, homogeneous patient population, 
and long-term follow-up. These aspects allowed a suf-
ficient analysis of clinically relevant patient-based and 
disease-based subgroups. A major limitation was the 
fact that the authors did not capture HRQoL data 
before treatment, which would have shed light on the 
potential role of pretreatment fatigue in predicting 

long-term outcomes. In addition, the number of patients 
at a given time point within defined treatment arms is 
rather small and advanced stage patients were not 
included. Thus, again only a subgroup of patients was 
evaluated in this study and, without baseline (i.e., pre-
treatment) values for HRQoL, the findings cannot be 
used to develop a model of HRQoL outcome in HL.

With regard to this limited knowledge on quality of 
life in HL patients, the results of the GHSG G4 (HD10–
12) analysis are eagerly awaited. In this study genera-
tion, more than 4,000 patients were included and the 
same instruments as in the EORTC trial were used to 
assess the patients’ HRQoL.

21.4 � Conclusions

The number of clinical trials evaluating HRQoL assess-
ment is increasing. It has become widely accepted that 
the multidimensional approach of HRQoL assessment 
reflects the patients situation and presents very impor-
tant information for the process of treatment evalua-
tion. With the constantly growing cohort of long-term 
survivors indicating the progress of cancer therapy in 
different subgroups, there is a need of new approaches 
in HRQoL assessment dealing with the particular prob-
lems of these long-term survivors. Several studies have 
highlighted the difficulties that survivors may experi-
ence long after treatment ends, such as general fatigue, 
health fragility, and social and financial problems. These 
findings have been demonstrated in studies where a 
HRQoL approach has been used. Since these studies 
mostly were using a cross-sectional design, there is a 
need for new approaches to describe more precisely the 
patients’ situation, to detect reasons for maladaptation, 
and to identify patients at high risk.

Combined comprehensive approaches like the one by 
the EORTC/GELA and the GHSG using a HRQoL 
questionnaire for survivors and a life situation evaluation 
could help overcome the difficulties in assessing HRQoL 
in long-term survivors. Furthermore, this approach can 
be used with few modifications in the assessment of nor-
mal control persons from population registries. It seems 
plausible that many years after treatment the daily living 
circumstances have a stronger impact on patients’ 
HRQoL. Therefore, it is essential to also have reference 
data from age- and gender-matched healthy population 
for the interpretation of HRQoL results. In addition, a 
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more comprehensive approach that accounts for the 
patients’ life situation is necessary to represent the com-
plexity of HRQoL. The results from the studies by the 
EORTC/GELA and the GHSG within the next few years 
will reveal whether this approach proves successful. 
Quality-of-life assessment should benefit patients by 
defining relevant issues, even long after initial treatment. 
Disease- and therapy-independent predisposing factors 
for long-term HRQoL functions on one hand and those 
factors associated with therapy or the lymphoma itself 
on the other hand must be evaluated in well-designed 
prospective studies.

Results of the GHSG-G4 HRQoL evaluation will 
be published 2010 and might provide more informa-
tion to understand how persisting impaired HRQoL 
develops and which factors contribute to a poor out-
come. This will give us the opportunity to develop pre-
vention strategies, to improve our study designs, and to 
better accompany and support our patients back on 
their way to a “normal” life.
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22.1 � Introduction

In view of the excellent cure rates that are currently 
achieved in the relatively young population of patients 
with Hodgkin Lymphoma (HL), it has become increas-
ingly important to evaluate and limit the long-term 
complications of treatment. Research conducted over 
the last three decades has clearly demonstrated that, 
paradoxically, some treatments used to treat cancer 
have the potential to induce new (second) primary 
malignancies. Of all late complications of treatment, 
second malignant neoplasms (SMNs) are considered 
to be among the most serious because they cause not 
only substantial morbidity but also considerable mor-
tality. Among long-term survivors of HL, second can-
cer deaths have been reported to be the largest 
contributor to the substantial excess mortality that 
these patients experience [1–4].

Increased risk of SMNs has been observed after 
both radiotherapy (RT) and chemotherapy (CT). In 
1972, Arsenau [2] and colleagues were the first to 
report an increased risk of second cancer after HL 
treatment. Based on 12 second malignancies in 425 
patients treated at the U.S. National Institutes of Health 
from 1953 to 1971, they estimated a 3.5-fold risk 
increase compared to the general population. MOPP 
combination CT (mechlorethamine, vincristine, pro-
carbazine, and prednisone) for HL was introduced in 
1967; the leukemogenic potential of this regimen and 
similar ones became evident in reports published in 
1973 [5], 1975 [6], and 1977 [7]. In the 1980s, several 
studies showed that, after an introduction period of 
5–10 years, RT for HL increased the risk of solid 
malignancies, especially lung cancer [8–11].

It is important to recognize that not all SMNs are 
caused by treatment. The occurrence of two primary 
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malignancies in the same individual may have several 
causes. It may represent a chance occurrence (in which 
case the two cancers developed as a result of unrelated 
factors), it may result from host susceptibility factors 
(e.g., genetic predisposition or immunodeficiency), it 
may be linked to carcinogenic influences in common, or 
a clustering of different risk factors in the same individ-
ual, or it may represent an effect of treatment for the first 
tumor [12, 13]. In view of the high prevalence of cancer 
in the general population and the increasing incidence of 
most cancers with age, background etiological factors 
other than treatment are likely to be responsible for a sub-
stantial proportion of second cancer, especially in older 
populations. Therefore, whenever a clinical impression 
arises that a specific combination of two distinct primary 
malignancies occurs more frequently than expected, 
comparison with cancer risk in the general population is 
imperative. If a SMN has been demonstrated to occur in 
excess, the contributions of other risk factors and the role 
of host susceptibility factors should be ruled out convinc-
ingly before the risk increase can be attributed to treat-
ment. Even then, host factors may modify treatment 
effects, so that the risk associated with a given treatment 
will vary among individuals. The evaluation of the carci-
nogenic effects of therapy is further complicated by the 
fact that therapeutic agents are frequently given in com-
bination. Appropriate epidemiologic and statistical meth-
ods are required to quantify the excess risk and to unravel 
treatment factors responsible for it.

In this chapter we address major aspects of SMN risk 
following treatment for HL. After a brief overview of 
the carcinogenic effects of RT and CT, we first discuss 
the methods used for assessing second cancer risk. 
Subsequently, a review is given of the risks of leukemia, 
non-Hodgkin lymphoma (NHL), and selected solid 
tumors in patients treated for HL. Emphasis is on large 
studies that were published recently. Clinical implica-
tions of the most important findings are discussed, and, 
finally, we suggest some directions for future research.

22.2 � Methods of Assessing  
Second Cancer Risk

Estimates of second cancer risk after treatment for HL 
derive from several sources, including population-based 
cancer registries, hospital-based cancer registries, or 
clinical trial series. The cohort study and the nested 

case–control study are the epidemiologic study designs 
generally used in second cancer research [14]. Case 
reports have an important role in the early recognition 
of potential associations between different malignan-
cies [15, 16]. However, because of lack of information 
on the underlying population at risk, they are not useful 
in quantifying risks.

In a cohort study, a large group of patients (the cohort) 
with a specified first malignancy is followed up for a 
number of years to determine the incidence of second 
(and subsequent) malignancies. Because most cohort 
studies of second cancer risk have been conducted retro-
spectively, follow-up of all patients in such studies is 
completed up to some point in the recent past. To evalu-
ate whether second cancer risk in the cohort is increased 
compared with cancer risk in the general population, the 
observed number of SMNs in the cohort is compared 
with the number expected on the basis of age-, gender-, 
and calendar year-specific cancer incidence rates in the 
general population. This can be done in a so-called “per-
son-years” type of analysis. In this approach, adjustment 
is made for the distribution of the cohort according to 
age, sex, and calendar period, while the observation 
period of individual patients (person-years at risk) is also 
taken into account. The relative risk (RR) of developing 
a SMN is estimated by the ratio of the observed number 
of SMNs in the cohort to the number expected. In epide-
miologic terminology, the observed-to-expected ratio is 
often called the standardized incidence ratio (SIR). For 
cancer deaths, the equivalent measure is the standardized 
mortality ratio, in which observed second malignancy 
deaths are compared with expected numbers of deaths.

A disadvantage of the person-years method as 
applied in its simplest form is that it assumes the risk of 
SMN development to be constant over time; that is, it 
assumes the second cancer experience of 1,000 patients 
followed for 1 year to be comparable to that of 100 
patients followed for 10 years. When this assumption is 
inappropriate (as with treatment-related cancers devel-
oping after an induction period), it is more informative 
to calculate SIRs within specified post-treatment inter-
vals (usually 5-year periods) [17, 18]. A temporal trend 
of excess SMN risk may in itself provide an important 
initial clue to treatment-related causes; for example, 
the SIR of solid malignancy following RT for HL gen-
erally increases with time since exposure.

When the observed-to-expected ratio is increased, 
the question arises whether the risk increase is caused by 
the treatment. This can be evaluated by comparing SIRs 
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between treatment groups, preferably with a reference 
group of patients not treated with RT or CT. Such a com-
parison group is available when second cancer risk is 
examined in patients with breast or testicular cancer, 
who may be treated with surgery alone, but, unfortu-
nately, not for patients with HL. When the observation 
period (or survival rate) differs between treatments, their 
overall observed-to-expected ratios cannot be validly 
compared. Poisson regression analysis can be used to 
adjust treatment-specific observed-to-expected ratios for 
differences in age and time since treatment (see below).

Second cancer risk in the cohort (and in different treat-
ment groups) can also be expressed by the cumulative 
(actuarial estimated) risk [19], which gives the proportion 
of patients expected to develop a SMN by time t (e.g., 5 
years from diagnosis) if they do not die before then. When 
the cohort’s death rate from causes other than SMNs is 
high, the assumption of “noninformative censoring” 
underlying the actuarial method is often not valid. In par-
ticular, the assumption that patients who died due to other 
causes would have the same temporal pattern of SMN 
risk as those who survived is incorrect. In such cases, 
actuarial risk tends to overestimate the true risk and com-
peting-risk techniques should be used to estimate cumu-
lative risk [20–23]. In comparing estimates of cumulative 
risk across studies, it is important to keep in mind that this 
measure of risk depends strongly on the age distribution 
of a specific cohort; because of the low background inci-
dence of cancer at young ages, cohorts of HL patients 
including childhood HL will report much lower cumula-
tive risks than cohorts including adults only.

Most studies reporting cumulative risks make no 
comparison with cancer risk in the general population, 
yet population-expected cumulative risks over time 
can be easily calculated on the basis of cancer inci-
dence rates from a population-based registry [24].

Because certain treatment-related cancers are rare 
in the general population (e.g., leukemia, sarcoma), a 
high SIR (compared to the population) may still trans-
late into a rather low cumulative risk. Absolute excess 
risk (AER), which estimates the excess number of 
SMNs occurring per 10,000 patients per year (beyond 
those expected from rates in the general population), 
best reflects the clinical burden of SMN in a cohort. 
Consequently, this risk measure is also the most appro-
priate one to judge which second malignancies con-
tribute most to the excess morbidity or mortality.

The calculation of observed-to-expected ratios on 
the basis of person-years analysis and the calculation of 

cumulative risks using life table analysis involve rather 
simple statistical methods, which have a strong intui-
tive appeal. Besides these elementary methods, statisti-
cal modeling with Cox proportional hazards model and 
Poisson regression techniques is increasingly being 
used to refine the quantification of second cancer RRs 
(e.g., by estimating dose– and time–response relation-
ships) and to examine the interplay between treatment 
variables and other factors [25, 26].

Each of the data sources that are commonly used to 
constitute cohorts has specific advantages and disad-
vantages. Population-based cancer registries have 
large numbers of patients available, which allows the 
detection of even small excess risks of second cancers 
[12, 27, 28]. An additional advantage is that the 
observed and expected numbers of cancers come from 
the same reference population. Disadvantages include 
limited availability of treatment data, underreporting 
of SMNs [12, 29, 30] (in particular hematologic malig-
nancies), and inconsistent diagnostic criteria for SMNs. 
Population-based registries differ greatly in these 
aspects and hence in their usefulness for second cancer 
studies. If treatment data are not available, it is impos-
sible to know whether excess risk for a SMN is related 
to treatment or to shared etiology with the first cancer. 
Underreporting of SMNs clearly leads to an underesti-
mation of second cancer risk. Far higher risks of sec-
ond leukemia following HL have been found in hospital 
series [10, 31] than in population-based studies [28, 
29]. Part of this difference, however, may be attribut-
able to the more intensive treatments administered in 
large treatment centers [29]. Despite their disadvan-
tages, population-based registries are well suited to 
evaluate broadly which SMNs occur in excess follow-
ing a wide spectrum of different first primary malig-
nancies. They are also a valuable starting point for 
case–control studies that evaluate treatment effects in 
detail (see below).

A major advantage of clinical trial databases is that 
detailed treatment data on all patients are available. 
Comparison of SMN risk between the treatment arms 
of the trial controls for any intrinsic risk of SMNs 
associated with the first cancer. However, a limitation 
of most trials is the small number of patients involved. 
Although this problem can be overcome by combining 
data from a number of trials, multicenter trial series 
pose other problems, such as difficulties in accessing 
medical records and histologic slides of patients in 
multiple centers. Further, the main endpoints of 
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interest in most clinical trials are treatment response 
and survival, and many trials do not routinely collect 
information on SMNs or on full systematic long-term 
follow-up, so that follow-up data to a fixed end date 
may be very incomplete (and biased). Ideally, routine 
reporting and assessment of SMN risk should become 
an integral part of clinical trial research [32, 33].

Most hospital-based tumor registries have been in 
existence for decades and collect extensive data on 
treatment and follow-up. They share the advantages of 
clinical trial databases without having their disadvan-
tages. Investigators using hospital tumor registries have 
ready access to the medical records; often a review of 
the histologic slides of the first and the second malig-
nancy can also be arranged easily. An additional advan-
tage is that, compared with trial data, hospital registries 
provide a wider range of treatments and dose levels, 
which may yield important information on drug and 
radiation carcinogenesis. Most studies of second can-
cer risk following HL have been based on hospital reg-
istries [4, 34–36]. As with trial data, however, loss to 
follow-up and surveillance bias compared to popula-
tion-based studies can be problematic.

The cohort study is not an efficient study design for 
examining detailed treatment factors (e.g., cumulative 
dose of alkylating agents) in relation to second cancer 
risk. Large cohorts are required to yield reliable esti-
mates of second cancer risk, rendering the collection of 
detailed treatment data for all patients prohibitively 
expensive and time-consuming. In such instances, the so-
called nested case–control study within an existing cohort 
is the preferred approach. The case group consists of all 
patients identified with the SMN of interest, and the con-
trols are a random sample of all patients in the cohort 
who did not develop the cancer concerned, although they 
experienced the same amount of follow-up time. To 
achieve maximum statistical power, most case–control 
studies of second cancer risk use a design in which more 
than one control is individually matched to each second 
cancer “case.” Matching factors employed in most stud-
ies include sex, year of birth, and year at diagnosis of the 
first primary cancer. The most important criterion for 
control selection is that each control must have survived, 
without developing the SMN of interest, for at least as 
long as the interval between the diagnosis of the first and 
the second malignancy of the corresponding case. Even 
if the control group is three times as large as the case 
group, detailed treatment data need to be collected for 
only a small proportion of the total cohort. It is critical to 

the validity of the study results that the controls are truly 
representative of all patients who did not develop the sec-
ond cancer of interest. For example, biased results may 
be obtained when controls with untraceable records are 
replaced by controls with traceable records.

In the analysis of a case–control study of second can-
cer risk, treatment factors are compared between cases 
and controls. Treatments that have been administered 
more often, for a longer duration, or with a higher dose 
to the case group than to the controls are associated with 
increased risk of developing the SMN of interest. It is 
important to understand that in a nested case–control 
study, the risk associated with specific treatments is esti-
mated relative to the risk in patients receiving other 
treatment and not relative to the risk in the general popu-
lation. The cumulative risk of developing a SMN cannot 
be derived using data from a case–control study alone. 
Estimates of the AERs associated with specific treat-
ments can be derived, however, if the case–control study 
follows a cohort analysis in which observed-to-expected 
ratios were calculated for broad treatment groups. 
Although the case–control methodology has only come 
into widespread use for the investigation of SMN risk in 
recent decades, several landmark studies have already 
demonstrated its strengths [13, 29, 37–45].

22.3 � Magnitude of the Risk Increase  
of Second Malignancy, Temporal 
Patterns, and Age Effects

The largest overall SIR (10- to 15-fold increase) com-
pared to the general population is observed for leuke-
mia (with the greatest risk seen for acute myeloid 
leukemia (AML) (22-fold), followed by a 6- to 14-fold 
increased risk for non-Hodgkin lymphoma (NHL), and 
4- to 11-fold excesses for connective tissue, bone, and 
thyroid cancers (Table  22.1). Moderately increased 
risks (two- to sixfold) are observed for a number of 
solid tumors, such as cancer of the lung, stomach, 
esophagus, colon, breast, cervix, mouth and pharynx, 
and melanoma [36, 46–48] (Table 22.1). Because leu-
kemia and NHL are diseases with a low incidence in 
the population, even a high RR compared to the popu-
lation translates into a relatively low cumulative risk.

Many studies show that, over the long-term, the 
cumulative risk of solid tumors far exceeds that of leu-
kemia and NHL (e.g., 25-year cumulative risks of 23 
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and 3% for solid tumors and leukemia, respectively) 
[36] (Table  22.2). Several studies [36, 46, 48] show 
that, compared with the general population, HL patients 
experience an excess of about 45–80 malignancies per 
10,000 person-years of observation (Table 22.2). Solid 
tumors account for the majority of excess cancers 
(approximately 30–60 per 10,000 patients per year), 
with lung cancer contributing 10–12 excess cases per 
10,000 person-years. Leukemia and NHL each account 
for about eight to nine cases per 10,000 person-years.

Although SMN risks are often summarized as a 
single relative risk (SIR) or AER value for sake of sim-
plicity, it is important to recognize that variation over 
time is one of the fundamental features of second can-
cer risk. Further, the nature of this variation is different 
for different second malignancy sites, and ages at treat-
ment, and additionally relative risks vary over time dif-
ferently than AERs (Figs. 22.1 and 22.2). Consequently, 
no single risk value fully describes the SMN risk that 
patients experience at different times after treatment. 
Leukemia risk increases approximately 2–4 years fol-
lowing alkylator-based CT, with the SIR peaking 5–9 
years after treatment, and decreasing thereafter [36, 
40, 46, 48–51]. The SIR of NHL is increased in the 
first 5 years after treatment, and study findings dis-
agree regarding whether NHL risk increases [10, 51] 
or remains constant over time [4, 46, 50].

Most studies report that the overall SIR of solid 
tumors is minimally elevated in the 1–4 year follow-up 
period, and increases thereafter [4, 10, 31, 36, 46, 48, 
50, 52]. In studies that include data on 20-year survi-
vors, the RR of solid tumors continued to increase 
through the 15–20 year follow-up period [4, 31, 36, 46, 
48, 49, 52–55]. A Dutch study of patients diagnosed 
with HL before age 40 reported a SIR of solid tumors 
of 8.8 in the 20–24-year interval, and 5.3 among 25-year 
survivors, suggesting a possible decrease in very long-
term survivors. However, Ng et  al. [4] reported an 
increasing RR of solid malignancy throughout follow-
up among patients all of whom received RT. A report 
from the Late Effects Study Group on survivors of 
pediatric HL reported a stable 20- to 24-fold increased 
RR from 15 to over 30 years after diagnosis [49]. An 
international registry-based study of 5-year HL survi-
vors employed Poisson regression methods comparable 
to those used to evaluate the temporal trends of cancer 
risk among atomic bomb survivors [47]. Variation in 
the risk of solid cancer was found to depend strongly 
on age at exposure, and attained age, with distinctly 

different patterns for female breast cancer, thyroid can-
cer, and other solid tumors (Fig. 22.3). With increasing 
attained age, the RR of breast cancer declined among 
females diagnosed at a young age (modeled age 20 
years), whereas this decline was much less pronounced 
among women treated at older ages (30 or 40 years at 
HL diagnosis) (Fig. 22.2). In contrast, the RR of other 
solid cancers remained stable with advancing attained 
age, with a small decline after attained age of 60 years 
(Fig. 22.1). The AER of breast cancer and nonbreast 
solid cancers increased with increasing attained age for 
all age groups [47] (Figs. 22.1 and 22.2). These find-
ings demonstrate the importance of considering both 
age at exposure and attained age in the evaluation of 
SMN risk, as well the potential importance of consider-
ing different solid cancers separately. Combining dif-
ferent age-at-treatment groups or all solid tumor types 
together may obscure significant variation in risks over 
time that can occur among different age groups or dif-
ferent SMN types. Also, the AER of SMNs changes 
over time differently than the SIR (Figs. 22.1 and 22.2). 
With increasing time since treatment, the major influ-
ence on the AER is the increasing background (i.e., 
“expected”) rate of cancer, which rises rapidly with 
increasing age. As these baseline risks increase with 
advancing age, even stable elevations in SIRs translate 
into rising AER, over time (Fig. 22.1).

22.4 � Contributors to Second Cancer Risk

22.4.1 � Radiation Therapy

Increased risks of second cancers following RT for HL 
have been reported for over two decades [28]. These 
reports add to a substantial body of evidence demon-
strating that radiation is carcinogenic over a broad 
range of doses, and can increase the risk of a variety of 
different tumor types [56–60]. Certain tissues, such as 
the female breast, and thyroid appear to be particularly 
susceptible to radiation-induced malignancy.

Among HL patients, treatment with mantle RT 
(involving the axillary, mediastinal, and neck nodes) to 
doses of 35–45 Gy is associated with a 2- to 20-fold 
increased RR of breast cancer, with a strong influence 
of age at exposure, as discussed in detail below [4, 36, 
49, 61, 62]. Mantle RT is also associated with an 
increased RR of lung cancer, although the AER is in 
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Fig. 22.1  Relative risk (RR) and absolute excess risk of supra- 
and infradiaphragmatic solid cancers according to age at HL 
diagnosis and attained age. (a) RR of supra- and infradiaphragmatic 

solid cancers. (b) AER of supra- and infradiaphragmatic solid 
cancers (Adapted from [61])
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Fig. 22.3  (a) Cumulative incidence of all solid cancers among 
10,619 male 5-year survivors of Hodgkin lymphoma (HL) 
compared with men of the same age in the general population 

(GP). (b) Cumulative incidence for 8,243 female 5-year survi-
vors compared with women of the same age in the GP (Adapted 
from [61])
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fact small in the first 10–20 years after exposure, par-
ticularly among those treated at young ages (e.g., £0.2 
per 10,000 person-years among those treated before 
age 20 years) [48, 49]. The risks of other solid cancers 
have also been shown to be elevated after RT.

Much of our current understanding of the relation-
ship between radiation dose and cancer risk has been 
derived from cohort studies of individuals exposed to 
low levels of radiation, such as atomic bomb survivors 
[59, 63–65]. However, extrapolation of the dose–risk 
relationships seen at low total body doses into the 
15–40 Gy ranges used for HL RT cannot be done with 
certainty, due to differences relating to dose rate, neu-
tron exposure, and the possibility of cell killing at high 
doses. More recently, studies of SMN risk have evalu-
ated the dose–risk relationship in the radiation dose 
range commonly used in the treatment of HL.

There appears to be an approximately linear increase 
in the risk of leukemia with increasing radiation dose 
to the bone marrow, up to approximately 2–4 Gy [37, 
66, 67]. At doses above this, the risk of leukemia per 
unit radiation dose to the bone marrow appears to 
decline [37, 66, 67], a finding generally attributed to 
killing or inactivation of preleukemic cells at the higher 
radiation doses [37, 68]. One study of leukemia risk in 

survivors of uterine cancer, however, showed little evi-
dence for such a clear downturn in risk [66].

The “bell-shaped” dose–risk curve for leukemia, 
with a peak at 2–4 Gy, does not seem to apply to the 
risk of most solid tumors. Most studies examining the 
dose–risk relationship for solid tumors suggest a con-
tinued increase in risk with doses up to approximately 
40 Gy [42, 45, 69, 70]. Two studies have evaluated the 
relationship between radiation dose and breast cancer 
risk among adult females treated for HL with mantle 
RT [42, 45]. The RT dose to the area of the breast where 
the case’s tumor had developed was estimated for each 
case–control set based on simulation films of the origi-
nal HL RT and mammograms indicating the position of 
the breast tumor. Both studies showed increasing risk 
of breast cancer over the dose range commonly used in 
the treatment of HL. For example, in a large interna-
tional collaborative case–control study of women 
treated for HL at age 30 years or less [42] (105 patients 
with breast cancer after HL and 266 controls without 
breast cancer), the risk was eightfold increased (95% 
confidence interval, 2.6–26.4 ) for the highest dose cat-
egory (median dose of 42 Gy) compared to the lowest 
one (<4 Gy) (P trend <0.001, Table 22.3) [42]. Similarly, 
Inskip et  al. [69] conducted a case–control study of 

Breast cancera Lung cancerb

Radiation dose to affected 
site in breast (Gy)

Relative risk 95% CI Radiation dose to affected 
site in lung (Gy)

Relative risk 95% CI

0–3.9 1.0 Referent 0 1.0 Referent

4.0–6.9 1.8 0.7–4.5 >0–4.9 1.6 0.5–5.2

7.0–23.1 4.1 1.4–12.3 5–14.9 4.2 0.7–21

23.2–27.9 2.0 0.7–5.9 15.0–29.9 2.7 0.2–15

28.0–37.1 6.8 2.3–22.3 30.0–39.9 8.5 3.3–24

37.2–40.4 4.0 1.3–13.4 ³40.0 6.3 2.2–19

40.5–61.3 8.0 2.6–26.4

Number of cycles  
of alkylating agents

Number of cycles of  
alkylating agents

0 1.0 Referent 0 1.0 Referent

1–4 0.7 0.3–1.7 1–4 4.0 1.3–12.5

5–8 0.6 0.3–1.1 5–8 6.2 2.6–17.1

³9 0.2 0.1–0.7 ³9 13.0 4.3–45

Table 22.3  Relative risks of breast and lung cancers after Hodgkin Lymphoma, according to radiation dose to affected site in breast/
lung and number of cycles of alkylating chemotherapya,b

aAdapted from [42]
bAdapted from [71]
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breast cancer in a cohort of 6,647 female survivors of 
childhood cancer participating in the U.S. Childhood 
Cancer Survivors Study. Radiation dose was estimated 
to the site of breast cancer for 120 cases (65% treated 
for HL) and 464 controls (40.5% treated for HL). They 
reported a linear increase in breast cancer risk with 
increasing dose, such that, compared to those with no 
radiation dose to the breast, the odds ratio of breast 
cancer was 11-fold higher among those with breast 
exposures of 40  Gy. This dose–risk relationship was 
modified by ovarian radiation exposure: the slope of 
the dose–risk curve was significantly less steep among 
those with ovarian radiation (>5 Gy), presumably due 
to the impact of hormonal influences on breast cancer 
risk [69] (Fig. 22.4).

The risk of lung cancer also rises with increasing 
radiation dose up to 40 Gy and with an increasing vol-
ume of lung irradiated [71, 72] (Table 22.3). Similarly, 
two studies in survivors of childhood cancer [43, 73] 
suggest that the risk of bone sarcoma increases rapidly 
with increasing dose above 10 Gy [74]. A recent case–
control study found that the risk of stomach cancer 
also increases linearly with radiation dose to the stom-
ach, with tenfold increased risk for mean stomach 
doses of >20  Gy compared to less than 11  Gy [75]. 
Radiation-induced thyroid cancer may be an exception 
to these general findings for other solid cancers: dose–
risk studies have suggested a leveling or decrease in 
thyroid cancer risk with doses above 10–30  Gy [60, 
76, 77] although one study reported increasing risk of 

thyroid cancer with increasing dose up to 60 Gy [77].
These dose–risk studies provide a critical compo-

nent to understanding the potential risk of second can-
cers associated with contemporary involved field RT 
(IFRT) for HL. Specifically, they suggest that reduc-
tion in normal tissue dose associated with reducing the 
prescribed dose from 36–40 to 20–30 Gy should pro-
duce a lower risk of breast, lung, and (when infradia-
phragmantic RT is used) stomach cancers. The risk of 
thyroid cancer, however, may not be reduced.

In addition to lower prescribed doses, for most 
patients contemporary IFRT reduces the volume of 
normal tissue irradiated (and hence the normal tissue 
dose) compared to historic mantle or extended-field 
RT. One study found that for patients with mediastinal 
disease, the transition from mantle fields to mediastinal 
IFRT resulted in an approximately 65% reduction in 
breast tissue exposure, largely due to the exclusion of 
the axillae [78]. Clinical studies provide evidence that 
that this volume-related reduction in breast exposure 
appears to translate into a reduced risk of subsequent 
breast cancer. A recent large Dutch study, including 
1,122 female 5-year survivors of HL, examined the 
effect of radiation fields (volume) on the risk of breast 
cancer up to more than 30 years after treatment of HL 
[79]. Mantle field irradiation was associated with a 2.7-
fold (95% CI, 1.1–6.9) increased risk of breast cancer 
compared to similarly dosed (36–44 Gy) radiation to 
the mediastinum alone [79] (Fig. 22.5). This finding is 
reassuring since present-day RT for HL employs 
smaller radiation volumes [79, 80].

22.4.2 � Chemotherapy

There is a well-established association between expo-
sure to alkylating CT agents and an increased risk of 
AML in HL survivors. The MOPP-CT regimen was 
widely employed in the 1970s, as it became evident 
that it was superior to RT alone in curing high-risk HL. 
However, it was associated with an increased RR of 
AML of 20- to 50-fold [10, 31, 51, 81–84]. As described 
below, there is no consistent evidence that the addition 
of extended-field RT to MOPP increases AML risk 
further [40, 86]. Since CT agents are given in combina-
tion, it is challenging to disentangle the effects of indi-
vidual agents and the impact of cumulative dose, 
duration of use, and dose intensity on the risk of AML. 

20

15

10

5

0 10

Dose to breast (Gy)

O
dd

s 
ra

tio

20 30 40 50

Ovarian dose < 5 Gy

Ovarian dose > 5 Gy
Total
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In general, the cumulative alkylator dose appears to be 
the strongest determinant of risk [39, 51].

Most cases of alkylator-induced AML are preceded 
by myelodysplasia (MDS), which generally progresses 
to AML within a year [31, 86, 87]. Cytogenetic studies 
of alkylator-induced AML/MDS have shown unbal-
anced chromosome aberrations, primarily with loss of 
whole chromosomes 5 and/or 7 or various parts of the 
long arms of these chromosomes [87, 88].

More recently, another class of drugs used in the treat-
ment of HL, topoisomerase II inhibitors, have also been 
associated with elevated risks of AML. Examples of these 
drugs used in HL treatment include doxorubicin and 
etoposide. Early evidence suggests that doxorubicin and 
4-epidoxorubicin (epirubicin) may be associated with 
increased risks of AML [40, 89, 90], but this association is 
not nearly as well established as it is for alkylating agents, 
and requires further study. Certainly, ABVD CT (doxoru-
bicin, bleomycin, vinblastine, dacarbazine) is associated 
with a lesser risk of AML than MOPP CT, although it is 
not clear that this risk is eliminated altogether [31, 91]. 
Etoposide, used in newer HL CT regimens such as 
BEACOPP (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisone), and 
OEPA (vincristine, etoposide, prednisolone, doxoribicin) 
is also leukemogenic [92]. As compared with “classical” 

alkylating agent-induced AML, etoposide-related AML 
typically occurs sooner after exposure, generally lacks a 
preceding myelodysplastic phase, and is characterized by 
balanced translocations involving chromosome bands 
11q23 and 21q22 [93–95].

Much less is known about the solid tumor risks asso-
ciated with CT. Mechlorethamine and procarbazine are 
associated with significantly increased risks of lung 
cancer (RR = 1.5–6.1), with increasing cumulative dose 
associated with increasing risk [13, 72] (Table  22.3). 
Alkylating agents have also been associated with 
increased risks of bone sarcomas [43, 73], bladder can-
cer [41, 96], and gastrointestinal cancers [75]

22.4.3 � Genetic Factors

There is increasing interest in identifying the molecu-
lar and cellular basis underlying the development of 
SMNs in HL survivors, and other cancer survivors. 
Germline mutations in the RB1 tumor suppressor gene, 
associated with hereditary retinoblastoma, constitute a 
well-described example of a rare mutation with high 
penetrance that confers a large risk of developing radi-
ation-related SMNs [97–99]. Although there is evi-
dence that patients with a family history of cancer are 
more likely to develop radiation-related SMNs [100–
105], it is unlikely that a single candidate gene abnor-
mality will account for a significant component of the 
SMN risk following HL treatment. Currently, there is 
no uniform evidence that BRCA1 or BRCA2 gene 
mutations mediate the development of radiation-related 
breast cancers. Two studies have reported that mam-
mographic radiation exposure does not significantly 
contribute to the risk seen in BRCA1/2 mutation carri-
ers [106, 107], though two other studies found that 
young BRCA1/2 mutation carriers had an increased 
risk of breast cancer if exposed to a significant number 
of chest X-rays [108, 109]. There have been no studies 
examining whether carriers of BRCA mutations with 
HL have an increased risk of RT-associated cancers. 
Homozygous mutations in the ataxia-telangiectasia 
(ATM) gene are associated with significant radiation 
toxicity, although two studies have reported that no 
ATM mutations were found in women who had devel-
oped breast cancer after RT for HL [104, 110]. 
Moreover, while P53 gene mutations are associated 
with an increased risk of primary malignancy [111], 
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and increased radiation sensitivity in vitro [112, 113], 
there is currently no evidence that P53 mutations mod-
ify the risk of treatment-related SMNs in HL patients. 
Remarkably, one study found that breast cancers fol-
lowing RT for HL have a molecular profile distinct 
from idiopathic breast cancers from age-matched 
women [114].

Methylating agents (e.g., dacarbazine) produce 
DNA damage, the repair of which is mediated in part 
by the MLH1 gene. Worrillow et al. [115] examined 
the frequency of a common MLH1–93 polymorphism 
among patients who developed cancer following CT 
and/or RT, or were diagnosed with de novo myeloid 
leukemia, or HL, and healthy controls. Carrier fre-
quency of the MLH1–93 variant was higher in patients 
who developed therapy-related AML or breast cancer 
after methylating CT for HL compared to patients 
without previous methylating exposure. The MLH1–
93 variant was also associated with a significantly 
increased risk of developing therapy-related AML in 
patients previously treated with a methylating agent 
[115]. Other factors in the development of CT-related 
leukemias may include interindividual differences in 
repair of DNA damage [116, 117] and germline muta-
tions in tumor suppressor genes [118, 119].

The development of rapid genotyping, and catalogs 
of genetic variants now permit genome-wide associa-
tion studies that compare the entire genomes of patients 
with and without a given condition to look for allelic 
variants associated with the outcome of interest. These 
studies may potentially allow the identification of 
common low-risk alleles associated with the risk of 
SMNs following cancer treatment. One major issue is 
the large sample size required to identify such genetic 
variants, and there are emerging efforts to create large 
consortia to conduct such studies [120].

22.5 � Risk of Selected Second 
Malignancies

22.5.1 � Risk Factors for Leukemia

Leukemia following HL is certainly the most studied 
treatment-induced malignancy, and thus extensive 
knowledge of its risk factors has emerged [85]. 
Leukemia was the first malignancy for which elevated 

risk after treatment for HL was observed, probably 
because of the relatively short latency period, the rarity 
of acute leukemia in the general population, and the 
large SIR.

Overall, risks compared with the general population 
have been reported to be 10- to over 80-fold increased 
(Table  22.1). Nearly all studies show that the SIR of 
leukemia is higher than that of NHL and much greater 
than that of solid tumors overall (Table 22.1). Because 
the background risk of leukemia in the population is 
low, however, this strongly increased SIR translates into 
a relatively low cumulative risk, ranging between 1.4 
and 4.1% at 15 years [10, 31, 36, 48, 49, 52, 91]. Overall, 
the AER has varied between 8 and 30 excess cases per 
10,000 patients per year (Table 22.2) [46, 48, 121].

RT alone is associated with a small, or no, increased 
risk of leukemia compared with the risk in the general 
population [10, 36, 48, 51, 52], while alkylating agent 
CT is linked with greatly elevated risk. In cohort anal-
ysis of CT-treated patients, the SIRs of leukemia over-
all tend to be over 20-fold increased compared to the 
general population, while for AML over 50-fold risk 
increases are reported [10, 31, 51, 81–84].

Several studies have compared the leukemogenicity 
of different CT regimens. Where exposure has been 
quantified, risk appears to be most related to total dose 
of alkylating agents or nitrosoureas [10, 29, 44, 51, 81, 
84]. Risk of AML rises sharply with an increasing num-
ber of MOPP (or MOPP-like) cycles [29, 51]. The risk 
associated with 10–12 MOPP cycles appears to be 
approximately 3–5 times higher than the risk following 
six MOPP cycles [29, 51]. Total dose of alkylators and 
nitrosoureas is likely the explanation of the reports of 
higher risk associated with salvage CT or maintenance 
CT [51, 52, 122], but there is evidence that retreatment 
may be a factor in risk [50, 51, 81, 123]. Among those 
treated with variations of MOPP that substitute chloram-
bucil for mechlorethamine, the risks appear similar, but 
with cyclophosphamide in place of mechlorethamine, 
the risks are lower [10, 51, 84, 124, 125].

Mechlorethamine and procarbazine are usually 
given in combination, so it is difficult to disentangle the 
effects of each. One study showed that mechlorethamine 
rather than procarbazine had the strongest effect on leu-
kemia risk [51]. Since the 1980s, MOPP-only CT has 
been gradually replaced by ABV(D) (doxorubicin, 
bleomycin, vinblastine, and dacarbazine)-containing 
regimens in many centers. There are only a few reports 
on AML occurrence following ABV(D) alone. Patients 
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treated with ABVD in the Milan Cancer Institute, 
where this regimen was designed, were shown to have 
a significantly lower risk of AML than MOPP-treated 
patients (15-year cumulative risks of 0.7 and 9.5%, 
respectively) [91]. Another study showed that HL 
patients treated with MOPP/ABV(D)-containing regi-
mens in the 1980s had substantially lower risk of AML/
MDS than patients treated in the 1970s with MOPP 
alone (10-year cumulative risks of 2.1 and 6.4%, 
respectively, P = 0.07) [31]. A recent international col-
laborative study showed that the AER of AML declined 
significantly after 1984, from 7.0 to 4.2 per 10,000 
patients per year in those diagnosed before age 35 
years, and from 16.4 to 9.9 per 10,000 patient-years in 
the ³35 age group [121].

There is, however, concern about the role of anthra-
cyclines and epipodophyllotoxins (both of which are 
topoisomerase II inhibitors) in the risk of leukemia. 
Limited evidence suggests that doxorubicin in combi-
nation with higher doses of alkylating agents and/or 
epidophyllotoxins may have a synergistic effect on the 
risk of AML. Recent analyses of the German Hodgkin’s 
Lymphoma Study Group also show low risks of AML 
after COPP/ABVD (mechlorethamine replaced by 
cyclophosphamide) and standard BEACOPP (bleomy-
cin, etoposide, and doxorubicin combined with COPP), 
while substantially increased risk of AML was 
observed for the escalated BEACOPP regimen (actu-
arial risk at 5 years of 2.5%) [126, 127].

Some studies suggest that RT adds to the leukemia 
risk associated with CT [85, 128], whereas other large 
series indicate that the risk of AML after combined 
treatment is comparable to that after CT alone [29, 48, 
51]. The interaction between RT and CT could be eval-
uated most rigorously in the large case–control study 
by Kaldor et al. [29] that included 163 cases of leuke-
mia following HL. For each category of radiation dose 
(<10, 10–20, >20 Gy to the active bone marrow), leu-
kemia risk clearly increased with the number of CT 
cycles. In contrast, among patients with a given num-
ber of CT cycles, risk of leukemia did not consistently 
increase with higher radiation dose. Taken together, 
the preponderance of available data does not support 
the hypothesis that the combination of CT and RT con-
fers a higher risk of leukemia than CT alone.

Therapeutic intensification with autologous stem 
cell transplantation (ASCT) is increasingly used for 
lymphoma patients who relapse. In some series, rela-
tively high actuarial risks (4–15% at 5 years) of AML 

and MDS have been observed after ASCT for HL [85]. 
Evidence suggests that much of the risk is related to 
intensive pretransplant CT. Forrest et al. recently com-
pared the risk of AML/MDS between 202 patients who 
had undergone ASCT and 1,530 patients who under-
went conventional therapy for HL [129]. The 15-year 
cumulative incidence of developing AML/MDS was 
1.1% (95%  (CI), 0.6–1.8) for those treated with con-
ventional therapy alone, and 3.6% (95% CI, 0.9–9.6) 
for those undergoing ASCT (P = 0.22). In multivariate 
analysis, leukemia risk was also not influenced by 
ASCT [129].

The risk of AML in relation to treatment-associated 
acute and chronic bone marrow toxicity has been 
examined in only two studies to date [51]. Significantly 
increased risks of leukemia were found among patients 
who developed thrombocytopenia, either in response 
to initial therapy or during follow-up. After adjustment 
for type and amount of CT, patients who showed a 
³70% decrease in platelet counts after initial treatment 
had an approximately fivefold higher risk of develop-
ing leukemia than patients who showed a decrease of 
50% or less [51]. Severe acute thrombocytopenia may 
indicate greater bioavailability of cytotoxic drugs, 
which would likely contribute to the development of 
leukemia. In support of these findings, a study of leu-
kemia risk after autologous bone marrow transplanta-
tion found that low platelet counts at the time of 
transplant were predictive for MDS/AML develop-
ment in NHL patients who had received intensive pre-
transplant CT [130].

The prognosis of AML/MDS after HL treatment is 
extremely poor, with only 15% of patients surviving 
more than 1 year and no apparent survival benefit from 
allogenic stem cell transplantation [85, 127].

22.5.2 � Risk Factors of Non-Hodgkin 
Lymphoma

Krikorian et al. were the first to demonstrate a clearly 
elevated cumulative risk of NHL after HL, which 
amounted to 4.4% at 10 years in patients given both 
irradiation and CT [131]. Other investigators have 
confirmed the increased risk of NHL in HL survivors 
[4, 10, 31, 36, 46, 48–50, 52, 132]. In most studies, 
the SIR for NHL ranges between 6 and 36 compared 
to the risk in the general population (Table  22.1). 
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Because the background risk of NHL in the general 
population is low, this rather high SIR translates into 
a relatively low cumulative risk, ranging between 2 
and 4% at 20 years [36, 48, 133] in the larger studies. 
AER in these studies has varied between five and ten 
excess NHL cases per 10,000 patients per year [46, 
48]. The majority of cases of second NHL diagnosed 
after HL are intermediate or aggressive histology 
B-cell lymphomas [133–135], and more often arise in 
extranodal sites than primary NHL [133, 136] and 
79% of cases [135].

The causes of the excess risk are not well under-
stood. The results of older studies may in part reflect 
misclassification of the primary lymphoma in the 
absence of modern lymphoma immunophenotyping 
protocols (i.e., NHL misdiagnosed as HL) [133]. 
Rueffer et  al. [133] reported that an expert panel of 
pathologists reviewing the histology of 4,104 HL 
patients (German Hodgkin’s Lymphoma Study Group) 
rejected 114 cases (2.1%) initially diagnosed as HL 
and rediagnosed them as primary NHL. Only very few 
studies included a review of diagnostic pathology 
slides of the second NHL and original HL in order to 
avoid such misclassification [31, 50, 133].

Other investigators argued that the clinical, histo-
logic, and immunophenotypic findings of NHL among 
HL survivors were analogous to those of NHL arising 
in immunosuppressed patients, suggesting that immu-
nodeficiency plays a role in the pathogenesis of second 
NHL in these patients [135]. This view is supported by 
several studies in which risk did not vary appreciably 
between treatments [10, 48, 82]. However, in other 
studies, the risk of NHL was found to be lowest among 
patients treated with RT alone, and highest among 
patients who received intensive combined modality 
treatment, both initially and for relapse [31, 52, 131, 
133, 137].

There exists some evidence indicating that transfor-
mation to NHL may be part of the natural history of 
the lymphocyte predominant subtype of HL [136, 
138], which might explain the association between 
lymphocyte predominant HL and NHL risk observed 
in the International Database on HL [52] and the 
British National Lymphoma Investigation [139]. It 
may be that more than one of the above mechanisms 
operates in the development of NHL following treat-
ment for HL. Although transformation to NHL may be 
part of the natural history of some types of HL, the role 
of intensive combined modality treatment and its 

associated immunosuppression should be explored 
further. Future studies should incorporate a review of 
all slides of the second NHL and the original HL diag-
nosis by an expert pathologist.

22.5.3 � Risk Factors for Breast Cancer

For female HL survivors, the strongly elevated risk of 
breast cancer following RT has become a major con-
cern [36, 46, 79, 140–144]. In several recent studies 
breast cancer contributes most to the AER of second 
malignancy in female survivors [4, 36, 49, 61, 145]. 
The magnitude of the risk of breast cancer after HL 
and risk factors for its development have been dis-
cussed in several review papers [58, 146, 147]. The 
risk of breast cancer after HL greatly depends on age at 
treatment, time since treatment, therapies given for 
HL, and hormonal factors.

The overall SIR of breast cancer in female HL sur-
vivors has been only modestly elevated in studies 
which included all age groups (about 1.5- to 2.2-fold 
risk increases compared to the general population) 
(Table 22.1) [28, 31, 46, 48, 52, 125, 148]. Larger SIRs 
(four- to seven fold) were observed in studies with pre-
dominantly young adults, or a large proportion of long-
term survivors [4, 35, 36, 79, 132]. AERs for all ages 
have been around 2–10 per 10,000 HL patients per 
year [31, 46, 48] (Table 22.2), again with a greater risk 
(20–60 per 10,000 per year) in recent studies with pre-
dominantly young adults and/or a large proportion of 
long-term survivors [4, 36, 79, 132]. Several studies 
covering the whole age range have shown that the SIR 
of developing breast cancer increases dramatically 
with younger age at first irradiation (or start of treat-
ment) [4, 36, 46, 48, 61, 79, 132, 149] (Fig. 22.2). A 
strong trend of increasing SIR of breast cancer with 
decreasing age at exposure has also been observed in 
other radiation-exposed cohorts [150–153]. In a recent 
Dutch study, survivors who had radiation treatment 
before 21 years of age had an 18-fold increased risk of 
breast cancer compared with the general female popu-
lation of the same age; women irradiated at ages 21–30 
had a seven fold increased risk; women irradiated at 
ages 31–40 had a 3.2-fold increased risk; and a small, 
nonsignificant increase was observed for women irra-
diated at ages 41 or older (SIR, 1.4) [79]. Similar 
trends have been reported by others [4, 35, 46]. Most 
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studies confirm that breast cancer risk is not elevated 
compared with the general population in women 
treated after age 35–40 [4, 46, 48, 79]. In most studies, 
the AER of breast cancer is also highest after treatment 
before age 20 [4, 36, 46, 47, 79] (Fig. 22.2), but shows 
little variation between exposure at ages 20–35.

Three recent studies with long-term follow-up 
reported that, among women treated before age 20, the 
SIR compared with age-matched peers from the gen-
eral population did not consistently vary by age at treat-
ment [49, 69, 154]. It is important to note here that 
consequently, prepubertal radiation exposure increases 
the risk to the same extent as exposure during puberty. 
In the atomic bomb survivors and other radiation-
exposed cohorts, the RR also did not vary by exposure 
age for ages under 20 [155]. The SIR of breast cancer 
after HL treatment at ages under 16 has ranged from 17 
to 458 [82, 83, 156], with most studies showing SIRs 
around 50–100 [4, 35, 36, 49, 148, 149, 154, 157].

The large variation in breast cancer risks across 
studies, especially in young patients, is not surprising 
in view of the large differences between series in 
important variables such as the proportion of patients 
irradiated, duration of follow-up, and completeness of 
follow-up. Studies with more complete follow-up have 
generally found lower risks of breast cancer [36, 46, 
48, 83, 157] than those in which follow-up was less 
complete, or not addressed [81, 82, 149]

Incomplete follow-up may lead to overestimation 
of second malignancy risk if patients who remain well 
lose contact with clinical follow-up, while those with 
second cancer come to attention because of this. In a 
recent Dutch study, with (nearly) complete follow-up, 
the 30-year cumulative incidence of breast cancer 
(accounting for death as a competing risk) amounted 
to 26% for women first treated before age 21 and 19% 
for those treated at ages 20–30 [79]. In pediatric HL 
survivors, Bhatia et  al [49]. estimated a cumulative 
incidence of breast cancer of 13.9% at age 40 years, 
reaching 20.1% at age 45 years. Kenney et al. [154] 
recently reported quite similar risk estimates, i.e., a 
cumulative incidence of 12.9% (95% CI, 9.3–16.5) at 
age 40 in the U.S. Childhood Cancer Survivor Study. 
Travis and collaborators [158] estimated treatment-
specific cumulative risks of breast cancer: for a HL 
survivor who was treated at age 25 with a chest radia-
tion dose of at least 40 Gy without alkylating agents, 
the cumulative absolute risks of breast cancer by age 
35, 45, and 55 years were 1.4% (95% CI, 0.9–2.1), 

11.1% (95% CI, 7.4–16.3), and 29.0% (95% CI, 20.2–
40.1), respectively [158].

The high risk of breast cancer after HL is largely 
attributable to chest RT. Since in many cohort studies 
80 to over 90% of patients received supradiaphrag-
matic RT, few studies could estimate RRs associated 
with such RT compared with no RT [4, 36, 49, 79, 
132]. In the British cohort reported by Swerdlow et al. 
[48], a large proportion of patients had been treated 
with CT alone, and the risk of breast cancer was 
increased only after RT without CT. In women treated 
at ages younger than 25 years, the risk of breast can-
cer was increased 14.4-fold (95% CI, 5.7–29.3) after 
RT alone, which was significantly greater than the 
SIR of 4.6 among those treated with mixed modali-
ties; no breast cancers occurred in women treated 
solely with CT.

Elevated risk of breast cancer develops late and is 
typically observed from 15 or more years after first 
treatment [4, 36, 46, 48, 79, 132] (Fig.  22.6). This 
strong trend in breast cancer risk by time since treat-
ment strongly indicates of a radiogenic effect. 
Furthermore, in several cohort studies almost all cases 
of breast cancer after HL have been in or at the margin 
of the radiation field: for instance, 16 of 16 cases [83], 
22 of 26 cases [35], and all of 42 cases [49] in three 
publications. In the large, population-based study by 
Travis et al. [42], 49% of 105 breast cancers occurred 
in the unblocked chest treatment field, 24% under the 
lung blocks, 15% at the blocked edge, 8% in the field 
edge, and 3% out-of-beam, with relative location not 
known for one patient.

Three case–control studies investigated the effects 
of RT dose and other treatment factors on breast cancer 
risk [42, 45, 69]. In all studies, the risk of breast cancer 
increased significantly with higher RT dose up to the 
highest dose levels (Table  22.3; see for details 
Sect. 4.1). A recent, large Dutch study examined the 
effect of radiation fields (volume) on the risk of breast 
cancer up to more than 30 years after treatment of HL 
[79]. Among 1,122 female 5-year survivors treated for 
HL before age 51 (median follow-up time of 18 years), 
120 cases of breast cancer were identified (overall SIR 
5.6; AER 57 per 10,000 patients per year). Importantly, 
mantle field RT (involving the axillary, mediastinal, 
and neck nodes) was associated with a 2.7-fold (95% 
CI, 1.1–6.9) increased risk of breast cancer compared 
to similarly dosed (36–44 Gy) radiation to the medi-
astinum alone [79] (Fig. 22.5).
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In three studies, patients who received both CT and 
RT had significantly decreased risk (about halved) 
compared to those treated with RT alone, and the 
RT-related risks were attenuated by treatment with 
alkylating agents [42, 45, 79]. Risk of breast cancer 
decreased with increasing number of alkylating agent 
cycles (P = 0.003 for trend); the RR associated with 
nine or more cycles of alkylating CT compared with 
no alkylating CT was 0.2 (95% CI, 0.1–0.7) [42] 
(Table  22.3). In the recent large Dutch cohort study 
[79], CT regimens with higher cumulative procarba-
zine doses seemed to be associated with a greater 
reduction of breast cancer risk, with 40 and 60% risk 
reductions for regimens with less than 8.4 g/m2 procar-
bazine and more than 8.4 g/m2 procarbazine, respec-
tively. The substantial risk reduction associated with 
CT appears to be due to the high frequency of prema-
ture menopause in CT-treated patients [45, 79] and the 
resulting reduction in the exposure to ovarian hor-
mones. In a recent study [79], 30% of all women 
reached menopause before age 41; such an early meno-
pause was associated with a 60% (95% CI, 20–80%) 
reduced risk of breast cancer (Table  22.4). A strong 
decrease in breast cancer risk (about 60%) has also 
been observed among women who received a castrat-
ing dose of 5 Gy or more to the ovaries, compared with 
those who received lower doses [42, 45, 69, 79] 
(Fig.  22.4). These results indicate that ovarian hor-
mones are a crucial factor to promote tumorigenesis 
once RT has produced an initiating event.

In the Dutch study, a long vs. short duration of intact 
ovarian function after radiation was a strong predictor 

of subsequent breast cancer risk. Women with less than 
10 years of intact ovarian function after RT had a 70% 
(95% CI, 40–80%) decreased risk of breast cancer 
compared with women with 10–20 years of ovarian 
function after irradiation, while those with more than 
20 years of intact ovarian function after RT had 5.3-
fold (95% CI, 2.9–9.9) increased risk of breast cancer 
(Table 22.4). These risk reductions were observed both 
among women treated before age 21, and among those 
treated between ages 21 and 30. Among women treated 
between ages 31 and 40, cumulative exposure to endog-
enous estrogens was not associated with risk for breast 
cancer, possibly because these women were closer to 
natural menopause at time of treatment [79].

It is not yet known whether current less gonadotoxic 
CT, such as ABVD, is also associated with reduced 
risk of RT-associated breast cancer risk. Furthermore, 
we do not yet know whether hormone replacement 
therapy (HRT) for CT-induced premature menopause 
affects RT-associated breast cancer risk. HRT is an 
established risk factor for breast cancer [159, 160], and 
might counteract the protective effect of CT. Remarkably, 
in the international case–control study by Travis et al. 
[42], the relation between alkylating agent treatment 
and breast cancer risk differed between North America 
and European centers. Within Europe, significant reduc-
tions in risk were observed (for six cycles: RR = 0.33; 
95% CI, 0.15–0.65), while in North America the RR 
associated with six cycles of alkylating agent therapy 
was close to unity. These discrepant results may be due 
to the much higher prevalence of HRT in North America 
compared with Europe.
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In summary, chest RT at young ages is associated 
with a very high risk of breast cancer after 15 years and 
later, and this hazard needs to be borne in mind both 
when selecting treatment for girls and young women 
with HL and when following up patients treated in this 
way. Reductions of radiation dose and field size 
(replacement of mantle RT by involved field/ involved 
node RT) in current treatment protocols are expected 
to result in lower breast cancer risk. Gonadotoxic CT 
such as the MOPP regimen appears to reduce the 
increased risk of breast cancer from RT through the 
induction of premature menopause. The use of HRT 
may negate this favorable effect of CT, but direct infor-
mation about this is lacking.

22.5.4 � Risk Factors for Lung Cancer

Next to breast cancer, lung cancer accounts in many 
studies for the largest absolute excess of solid malig-
nancy after HL [46, 48]. An excellent review of risk 
factors for lung cancer after HL has been published 
[161]. The risk of lung cancer after HL depends on 
time since treatment, age at treatment, treatments 
administered for HL, and smoking.

The SIR of lung cancer is hardly increased in the first 
5 years after treatment, with larger SIRs (5 or greater) 

thereafter, until at least 25 years [4, 13, 36, 46, 48, 132]. 
SIRs of lung cancer decrease with older age at first treat-
ment [4, 13, 36, 48, 132]. Dores et al. [46] reported that 
the SIR of lung cancer decreased from a 5.5-fold increase 
(compared with the general population) for patients diag-
nosed before age 21 to a 1.5-fold excess for patients 
diagnosed at age 61 or above. In a British study [48], the 
SIRs for lung cancer decreased from 20-fold among 
those diagnosed before age 25 to a 2.2-fold excess for 
patients diagnosed at age 55 or above.

A large international collaborative case–control 
study examined lung cancer risk in relation to the radi-
ation dose to the specific location in the lung in which 
cancer later developed [13]. This study included 222 
lung cancer patients and 444 matched controls (patients 
with HL in whom lung cancer had not been diagnosed) 
[13, 71]. Case patients developed lung cancer after an 
average of 10.8 years. The risk increased with increas-
ing radiation dose to the area of the lung in which can-
cer later developed (P for trend <0.001; see also 
Table  22.3). The risk estimates for the highest dose 
categories of 30.0–39.9 Gy and ³40 Gy compared with 
no RT were 8.5 (95% CI, 3.3–24) and 6.3 (95% CI, 
2.2–19), respectively, suggesting that the risk might 
level off at very high doses [71]. This study also 
addressed the modifying effects of the patient’s smok-
ing habits on RT-associated risks. The increased RRs 
from smoking appeared to multiply the elevated risks 

Table 22.4  Effects of fertile lifespan after irradiation to the breast on BC risk (IBC + DCIS) according to age at first treatmenta

All ages <41 Age <21 Age 21–30 Age 31–40

Number of patients 715 201 323 191

Number of events 98 36 40 22

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Model 3b

Premature menopausec

Menopause at age 41 or later 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
Menopause before age 41 0.4 (0.2–0.8) 0.2 (0.0–0.8) 0.1 (0.0–0.5) 1.3 (0.4–3.6)

Model 4b

Years of intact ovarian functionc

<10 years 0.3 (0.2–0.6) 0.1 (0.0–0.6) 0.1 (0.0–0.3) 1.2 (0.4–3.5)
10–20 years 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
>20 years 5.3 (2.9–9.9 ) 11.9 (3.7–37.9) 6.0 (2.3–15.4) 3.2 (0.3–30.7)

BC breast cancer; IBC invasive breast cancer; DCIS ductal carcinoma in situ; HR hazard ratio; ref referent; RT radiation therapy
aAdapted from [79]
bAdjusted for each other, radiation field size, age at first RT to the breast and time since first RT to the breast, smoking, obesity, nul-
liparity, oral contraceptive use; calendar-time was used as the time scale
cUnknown age at menopause was modeled as a separate category
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from radiation (Table 22.5). This implies that there are 
very large AERs for lung cancer among irradiated 
patients who smoke.

CT for HL can also increase the risk of lung cancer 
[13, 48, 50, 161, 162]. The British National Lymphoma 
Investigation cohort study of 5,519 patients [48] 
showed a significantly elevated risk of lung cancer fol-
lowing CT alone, with the SIR (3.3; 95% CI, 2.2–4.7) 
compared with the general population being of similar 
magnitude to that observed in patients treated with 
either RT (SIR = 2.9; 95% CI, 1.9–4.1) or mixed modal-
ity treatment (SIR = 4.3; 95% CI, 2.9–6.2).

Two large case–control studies have investigated 
the separate and joint roles of CT, radiation, and smok-
ing in detail [13, 72]. In both reports, there was a clear 
trend of increasing lung cancer risk with greater num-
ber of cycles of alkylating CT (P trend <0.001; 
Table 22.3) [13] or MOPP-CT (P trend = 0.07) [72]. In 
the study by Travis et al. [13], data were also collected 
on cumulative dose of individual cytotoxic drugs. 
Among patients treated with MOPP, increasing total 
dose of mechlorethamine or procarbazine was strongly 
associated with increasing lung cancer risk when eval-
uated separately (P trend for dose for each <0.001) 
[13]. Risk of lung cancer after treatment with alkylat-
ing agents and radiation together was as expected if 
individual excess RRs were summed: RRs of 4.2 (95% 
CI, 2.1–8.8) were observed for patients given alkylat-
ing agents alone, 5.9 (95% CI, 2.7–13.5) for patients 
treated with RT alone (>5 Gy), and 8.0 (95% CI, 3.6–
18.5) for those who received combined modality 

treatment, compared with the reference group of 
patients who received no alkylating agents and had 
less than 5 Gy of radiation [13]. As was observed for 
the joint effects of smoking and RT, the risks from 
smoking appeared to at least multiply risks from alky-
lating CT [13] (Table 22.5).

Smoking remains a major cause of lung cancer in 
patients treated for HL, as is evident from the observa-
tion that only 7 out of 222 cases included in the study 
by Travis et al. [13] occurred in patients who had never 
smoked. Further, it was estimated that 9.6% of all lung 
cancers were due to treatment, 24% were due to smok-
ing, but 63% were due to treatment and smoking in 
combination; the remainder (3%) represented tumors 
in which neither smoking nor treatment played a role.

In summary, both supradiaphragmatic RT and CT 
contribute to the elevated risk of lung cancer after HL. In 
addition, the above data suggest that patients with HL 
who smoke will have a considerably greater risk of lung 
cancer after chest RT and/or CT than those who do not 
smoke, and this is in accord with experience in other 
radiation-exposed groups [163]. As a consequence, smok-
ers who have received chest RT should be particularly 
strongly advised to refrain from smoking. The evidence 
implicating specific chemotherapeutic agents as carcino-
genic to the lung is less clear. It is not yet known whether 
modern CT regimens other than MOPP also increase the 
risk of lung cancer. The role of lung cancer screening in 
HL patients has not yet been assessed; international col-
laboration is needed to study the efficacy of screening 
with low dose spiral computer tomography [161].

Treatment for Hodgkin Lymphoma
RR (95% CI) by smoking category  
(number of case patients; control patients)b

Radiation ³5 Gy Alkylating agents Nonsmoker, light, otherc Moderate−heavyd

No No 1.0e 6.0 (1.9–20.4)

Yes No 7.2 (2.9–21.2) 20.2 (6.8–68)

No Yes 4.3 (1.8–11.7) 16.8 (6.2–53)

Yes Yes 7.2 (2.8–21.6) 49.1 (15.1–187)

Table 22.5  Risk of lung cancer in patients with HL according to type of treatment and smoking categorya

RR relative risk; 95% CI 95% confidence interval
aAdapted from [13]
bRepresents estimated tobacco smoking habit 5 years before diagnosis date of lung cancer and corresponding date in control patients, 
with the use of information recorded up to 1 year before these dates
cThis group includes nonsmokers, light current cigarette smokers (less than one pack per day), former cigarette smokers, smokers of 
cigar and pipes only, and patients for whom tobacco smoking habit was not stated
dModerate (one to two packs per day) and heavy (two or more packs per day) current cigarette smokers
eReference group
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22.6 � Clincal Implications

HL survivors who are at high risk of developing sec-
ond cancers can be identified largely based on their 
prior treatment exposures, current age, and latency 
since treatment. Expert opinion-based recommenda-
tions have been published advocating the early onset 
of breast cancer screening starting 8–10 years follow-
ing mediastinal RT, for women who are aged 25–30 
[164, 165]. However, a large proportion of irradiated 
females do not perceive their risk of breast cancer to be 
much higher than that of the general population [166–
169]. As a consequence, a large proportion of HL sur-
vivors do currently not undergo appropriate breast 
surveillance at young ages, when their risk is already 
high and comparable to that of carriers of BRCA1/2 
mutations. A recent study among irradiated female 
childhood cancer survivors in the United States showed 
that 64% of those aged 25–39 years and 24% of those 
40–50 years old had not had a mammography in the 
past 2 years, despite a guideline recommending annual 
screening [169]. In the UK, in 2003 the Department of 
Health recalled 5,000 survivors treated with mantle 
RT before age 35 to educate them about their risk and 
to recommend breast cancer screening [166]. Although 
early breast surveillance starting is recommended fol-
lowing mediastinal RT, the efficacy of various screen-
ing procedures has not been demonstrated. Two series 
found that 90% or more of breast cancers after HL 
were visible on mammography [168, 170] and a recent 
British study of screening program for women previ-
ously treated with supradiaphragmatic RT found that 
none of the five invasive BCs diagnosed involved axil-
lary lymph nodes, compared with 7 of 13 (54%) diag-
nosed outside the program [171]. However, in one of 
these studies, after excluding two cases of incident 
breast cancer on baseline mammogram, five of the sec-
ondary 10 breast cancers in were detected clinically 
[168], and in another series of female HL survivors 
undergoing mammographic screening 7 of 12 breast 
cancers were palpable at the time of detection [172]. 
Because mammography is less sensitive in young 
women with dense breast tissue, (MRI) should be con-
sidered at younger ages.

Some have recommended that patients who have 
received para-aortic RT should undergo colorectal 
cancer screening starting 10–15 years following treat-
ment (www.survivorshipguidelines.org). Screening for 
secondary lung cancer is more controversial. As noted 

above, older HL survivors treated with alkylating 
agents or mantle RT are at significantly increased risk 
of developing lung cancer, particularly if they are 
smokers. One important consideration is that the abso-
lute risk of lung cancer is low among non-smoking 
patients treated before age 30 with contemporary CT 
(e.g., ABVD, doxorubicin, bleomycin, vinblastine, 
dacarbazine), and it is unlikely that they would benefit 
from screening. Risk is highest among those treated 
with chest RT and alklyator-based CT at ages >40 
years, particularly if they are smokers. The results of 
studies evaluating the efficacy of screening with spiral 
computer tomography in other high-risk patients may 
illuminate the potential benefit to HL survivors, but it 
currently remains investigational.

Physicians should make a special effort to dissuade 
HL patients from smoking. While most survivors will 
be aware that smoking increases their risk of lung can-
cer, they may not understand that their smoking-related 
risk may be significantly greater than that of others 
with whom they share the activity, and they are often 
not aware of the poor prognosis associated with lung 
cancer. Advice on smoking cessation during an office 
visit can improve quit rates, and pharmacotherapy 
improves the probability of success [173].

While retrospective studies describing the RT-related 
risk of SMNs have been useful in identifying groups of 
survivors for whom the early utilization of cancer 
screening may be worthwhile, and have been instru-
mental in motivating the development of clinical trials, 
which are now much less reliant on the use of RT, it is 
important to recognize that they often have limited 
value in counseling contemporary patients about the 
risks of modern therapy. For example, most of the 
widely cited cohort studies of SMN risk among HL 
survivors include patients treated in the 1960s [31, 46, 
48, 49, 62]. At that time, RT was often the sole primary 
treatment for early stage HL, and the RT fields typi-
cally encompassed the whole neck, bilateral axillae, 
the entire length of the mediastinum, the spleen, and 
para-aortic nodes. Patients were often prescribed 
40–45 Gy and treated without customized lung shield-
ing [174, 175]. Since that time, several important 
improvements have occurred in the delivery of RT that 
reduce the normal tissue exposure: prescribed doses 
are typically 20–30 Gy for adults and 21 Gy for chil-
dren; in the majority of cases, the axillae can be 
excluded from mediastinal IFRT, thereby reducing 
breast and lung dose; it is rarely necessary to irradiate 

http://www.survivorshipguidelines.org
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the spleen, which can also be a source of exposure to 
the left breast, lung, and heart; improved imaging of 
the target volume, patient immobilization, customized 
shielding, and compensation for tissue inhomogeneity 
can reduce the amount of normal tissue exposed and 
the occurrence of “hot spots” in normal tissues. As 
noted previously, these changes have been shown to 
significantly reduce the normal tissue exposure associ-
ated with IFRT [78], and early clinical studies of more 
limited field RT suggest that the RT volume reduction 
translates into a clinically significant reduction in SMN 
risk [79, 80].

Similarly, many patients in second cancer studies 
received MOPP CT, and the increased SMN risks asso-
ciated with alkylator-based CT do not apply to patients 
receiving, for example, ABVD CT. The existing SMN 
studies support the use of abbreviated CT regimens and 
lower doses of RT for selected patients, for whom excel-
lent rates of lymphoma control have been reported.

As an increasing proportion of patients are treated 
with CT alone, an emerging issue will be the extent to 
which contemporary CT regimens contribute to the 
risk of solid tumors. Patients treated initially with CT 
alone, even in more recent years, have increased risks 
of solid cancers [61], though it is unknown what regi-
mens or specific agents might account for this risk. 
Large studies will be needed to examine whether mod-
ern CT regimens affect the risk of specific solid tumors. 
Similarly, as our understanding of the relationship 
between radiation dose and SMN risk develops, it 
should be possible to create predictive models of the 
SMN risk associated with modern HL treatments. 
Epidemiologic studies can contribute to the develop-
ment of accurate predictive models.

As noted above, genetic susceptibility likely plays a 
role in the development of treatment-related SMNs. It 
is unlikely that an abnormal allele in a single candidate 
gene will account for a significant proportion of SMNs. 
New cohorts should be assembled to create a resource 
of biologic samples that would facilitate study of the 
molecular biology of second cancers.

Finally, when interpreting results of second cancer 
studies, it must be kept in mind that the problem of 
treatment-induced malignancies has arisen by virtue of 
the successes of HL treatment. The SMN risk of treat-
ment must be balanced against the potential benefit in 
terms of curing patients’ HL. For example, 10-year 
follow-up of patients treated with “dose escalated” 
BEACOPP demonstrated that this regimen increased 

the risk of secondary AML compared to COPP/ABVD 
(0.4 vs. 3.0%), but produced a significant improvement 
in overall survival (75 vs. 86%) [176]. These outcomes 
highlight both the challenges of improving the cure rate 
for high-risk patients without adding clinically signifi-
cant toxicity, and the importance of considering SMN 
risk in the context of the beneficial effects that the expo-
sures under study may have on curing the primary HL.
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23.1 � Cardiovascular Toxicity

Both radiotherapy and chemotherapy for Hodgkin 
lymphoma may cause early and late cardiovascular 
toxicity. This chapter mainly focuses on long-term 
effects. While cardiotoxicity following radiotherapy is 
usually observed 5–10 years after therapy and onward, 
anthracycline-related toxicity is observed at varying 
intervals after therapy. Tables 23.1 and 23.2 show stan-
dardized mortality rates and standardized incidence 
rates of several cardiovascular diseases including the 
absolute excess risks.

23.1.1 � Chemotherapy-Associated 
Cardiotoxicity

23.1.1.1 � General Aspects of Chemotherapy-
Associated Cardiotoxicity

The most relevant cardiotoxic chemotherapeutic agents 
used in treatment for patients with Hodgkin lymphoma 
are anthracyclines, especially doxorubicin and epirubi-
cin. Anthracycline-associated toxicity may occur at 
different intervals after therapy. Cardiotoxicity often 
presents as electrocardiographic changes and arrhyth-
mias, or as cardiomyopathy leading to congestive heart 
failure. Anthracycline-associated cardiotoxicity is 
caused by direct damage to the myoepithelium. Several 
risk factors for anthracycline-associated cardiotoxicity 
have been identified (see Table 23.3). The occurrence 
of anthracycline-associated cardiotoxicity is strongly 
related to the cumulative dose [1, 2]. Doses less than 
500 mg/m2 are usually well tolerated. The total dose of 
anthracyclines during first-line therapy for Hodgkin 
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lymphoma is relatively low compared with treatment 
regimens for breast cancer and pediatric malignancies. 
The cumulative dose of eight cycles of doxorubicin, 
bleomycin, vinblastine, and dacarbazine (ABVD) is 
400 mg/m2 and of eight cycles of bleomycin, etopo-
side, adriamycin, cyclophosphamide, vincristine, pro-
carbazine, and prednisone (escalated BEACOPP) is 
280  mg/m2. However, most patients are treated with 
fewer than eight cycles of anthracycline-containing 
chemotherapy.

Whether toxicity following chemotherapy and 
radiotherapy is additive or synergistic remains unclear. 
Several clinical studies showed that anthracycline-
containing therapy may further increase the radiation-
related risk of congestive heart failure and valvular 
disorders by twofold to threefold compared to radio-
therapy alone [4, 5]. This effect may also be more than 
additive [6]. A recent British study also showed that 
the increased risks for death from myocardial infarc-
tion may be related not only to supradiaphragmatic 
radiotherapy but also to anthracycline and vincristine 
treatment; the risk of death from myocardial infarction 
was increased for patients who did not receive supra-
diaphragmatic radiotherapy but had received vincris-
tine was 2.2 (95% CI = 1.6–3.0) and anthracyclines 
(SMR = 3.2, 95% CI = 1.9–5.2), especially those who 
were treated with the ABVD regimen (SMR = 7.8, 95% 
CI = 1.6–22.7) [7].

The potential role of genetic variability in the patho-
genesis of chronic cardiotoxicity including congestive 
heart failure remains to be elucidated. Only a few studies 
in humans provide evidence that genetic susceptibility 
may play an important role in the risk of anthracycline-
associated cardiotoxicity [8–10].

23.1.1.2 � Management of Chemotherapy-
Associated Cardiotoxicity

Currently there are no indications that anthracycline-
associated congestive heart failure needs a special 
approach. Treatment generally focuses on correcting 
underlying abnormalities such as increased afterload 
and decreased contractility, and frequently includes 
treatment with angiotensin-converting enzyme (ACE) 
inhibitors and/or beta-blockers [11]. Several guidelines 
developed for treating patients with asymptomatic left 
ventricular dysfunction or heart failure (not specifi-
cally after cancer treatment) include beta-blockers, 
ACE-inhibitors, diuretics, and others [12].

23.1.1.3 � Prevention of Chemotherapy-
Associated Cardiotoxicity

A rather obvious measure to prevent cardiotoxicity is to 
limit both cardiotoxic chemotherapy (especially anthra-
cyclines) and radiation volume and dose as much as pos-
sible. The evidence on the effectiveness of approaches to 
reduce or prevent anthracycline-associated cardiotoxic-
ity is limited in quantity and quality [13, 14]. The avail-
able evidence mainly comes from treatment of children. 
Attempts have been made to optimize the anthracycline 
scheduling such as avoiding peak doses. However, 
results so far have been disappointing [14].

Anthracyclines release free radicals that damage 
cardiac myocytes, which are especially susceptible to 
free-radical damage because of their highly oxidative 
metabolism and poor antioxidant defenses. The free-
radical scavenging cardioprotectant, dexrazoxane, has 
been shown to reduce anthracycline-associated myo-
cardial injury in rats [15] and in selected studies in 
humans [16]. More information is, however, needed 
before this agent can be introduced in clinical practice. 
Furthermore, there are some indications of a possible 
beneficial effect of ACE-inhibitors and beta-blockers 
[17] after cardiotoxic chemotherapy [18].

Risk factor Features

Total cumulative 
dose

Most significant predictor for 
abnormal cardiac function

Age For comparable cumulative doses, 
younger age predisposes to greater 
cardiotoxicity

Length of  
follow-up

Longer follow-up results in higher 
prevalence of myocardial impairment

Gender Females more vulnerable than males 
for comparable doses

Concomitant 
mediastinal 
irradiation

Enhanced toxicity; not clear whether 
additive or synergistic

Table 23.3  Risk factors for anthracycline-associated cardiotox
icity in decreasing order of importance

Adapted from Table 10.4 of Chapter 10, Cardiovascular effects 
of cancer therapy, by Adams, Constine, Duffy, and Lipshultz 
(and from [3]) in Survivors of childhood and adolescent cancer 
(second edition) published by Springer
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23.1.2 � Radiation-Associated 
Cardiotoxicity

23.1.2.1 � General Aspects of Radiation-
Associated Cardiotoxicity

Radiation-associated heart disease in cancer survivors 
includes a wide spectrum of cardiac pathologies, such 
as coronary artery disease, myocardial dysfunction, 
valvular heart disease, pericardial disease, and elec-
trical conduction abnormalities [4, 19]. Radiation-
associated heart diseases, except for pericarditis, usually 
present 10–15 years after exposure, although non-
symptomatic abnormalities may develop much earlier. 
The long delay before expression of serious damage 
probably explains why radiation sensitivity of the heart 
has previously been underestimated.

Radiation causes both increased mortality (mainly 
fatal myocardial infarction) and increased morbidity 
(see Tables 23.1 and 23.2). Epidemiological studies on 
Hodgkin lymphoma survivors show relative risk esti-
mates for cardiac deaths in the range of 2–7, depend-
ing on patients age (increased risks for irradiation at 
young age), the radiation therapy methods used, and 
the follow-up time [7, 19–22]. In a Dutch study of 
Hodgkin lymphoma patients treated before the age of 
41 years, threefold to fivefold increased standardized 
incidence ratios (SIR) of various heart diseases were 

observed relative to the general population, even after 
a follow-up of more than 20 years [4]. The persistence 
of increased risk over prolonged follow-up time is of 
concern because this implies increasing absolute 
excess risks over time, due to the rising incidence of 
cardiovascular diseases with age.

Prospective screening studies demonstrate that clin-
ically significant cardiovascular abnormalities, like 
reduced left ventricular dimensions, and valvular and 
conduction defects, are very common, even in asymp-
tomatic Hodgkin survivors [23]. Hodgkin lymphoma 
patients also have a significantly higher risk (SIR 8.4) 
of requiring valve surgery or revascularization proce-
dures 15–20 years after radiotherapy [24]. Furthermore, 
an increased risk of restenosis after coronary artery 
stenting has been reported in patients treated with tho-
racic radiation for lymphoma [25].

There are several risk factors for radiation-associ-
ated cardiotoxicity (see Table 23.4). Cardiotoxicity is 
evidently related to total radiation dose and dose per 
fraction to the heart [22, 26]. Large doses per fraction 
are expected to be more damaging to the heart than low 
doses per fraction. Indeed, increased complication 
rates were reported for Hodgkin lymphoma patients 
treated with 3 × 3.3  Gy per week, compared with 
patients treated with 4 × 2.5 Gy per week to the same 
total dose [27].

The heart volume included in the radiation field 
influences the risk of cardiotoxicity [5, 28], although 

CM cardiomyopathy; CAD coronary artery disease; CD cardiac death

Adapted with permission from Table 10.5 of Chapter 10, Cardiovascular effects of cancer therapy, by Adams, Constine, Duffy, and 
Lipshultz (and from [3]) in Survivors of childhood and adolescent cancer (second edition) published by Springer

Risk factor Pericarditis CM CAD Arrhythmia Valvular disease All causes  
of CD

Reference

Total dose (>30–35 Gy) X X X X X X [5, 28, 63]

Dose per fraction ( ³2.0 Gy/day) X X X Likely Likely X [27]

Volume of heart exposed X X X Likely Likely X [28, 58]

Younger age at exposure – X X Likely Likely X [4, 58]

Increased time since exposure – X X X X X [4]

Use of adjuvant cardiotoxic 
chemotherapy

– X – X X X [4–6]

The presence of other known risk 
factors in each individual such as 
current age, weight, lipid profile,  
and habits such as smoking

– – X – – X [4, 61]

Table 23.4  Risk factors for the different manifestations of radiation-associated cardiotoxicity
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there are still many uncertainties regarding dose−effect 
and volume−effect relationship. A reduction in the 
increased risk of death from cardiovascular diseases 
other than myocardial infarction has been reported in 
Hodgkin lymphoma patients treated after partial shield-
ing of the heart and restriction of the total, fractionated, 
mediastinal dose to less than 30 Gy [22]. Radiotherapy 
techniques have greatly improved over the past 20 years, 
leading to more homogeneous dose distributions and 
reduced risks of toxicity [29]. For pericarditis, TD 5/5 
values (total dose for 5% incidence at 5 years) of 60, 45, 
and 40 Gy have been calculated when 1/3, 2/3, and the 
whole heart is irradiated using 2 Gy per fraction [30]. 
There is also some evidence of a volume effect from 
studies demonstrating that the extent of left ventricular 
radiation dose is an adverse prognostic factor of radia-
tion-induced heart disease [31, 32]. Several studies 
using functional imaging have shown myocardial perfu-
sion changes less than 2 years after radiotherapy. 
Although a relationship between these abnormalities 
and subsequent clinical heart disease may be expected, 
this has not yet been demonstrated [31–33].

23.1.2.2 � Other Risk Factors for Cardiotoxicity

The risk for cardiovascular disease may also increase 
through indirect effects of radiotherapy; irradiation of 
the left kidney during para-aortic and spleen radiother-
apy, for example, may lead to hypertension [34].

General risk factors for cardiovascular diseases, 
such as hypertension, diabetes, hypercholesterolemia, 
overweight, and smoking [35–39] probably also con-
tribute to the risk for cardiovascular diseases in patients 
treated for Hodgkin lymphoma [40, 41]. Whether the 
cardiovascular risk factor profile in patients treated for 
Hodgkin lymphoma differs from that of the general 
population is unknown.

23.1.2.3 � Management of Radiation-Associated 
Cardiotoxicity

There are currently no indications that treatment-asso-
ciated ischemic heart disease needs a special approach. 
Screening for cardiovascular diseases is still a matter of 
debate. There are uncertainties about the screening 
modalities. Stress testing may identify asymptomatic 

individuals at high risk for acute myocardial infarction 
or sudden cardiac death [26], but this is not common 
practice yet. Furthermore, there is no evidence for 
treatment other than management of general risk fac-
tors for cardiovascular disease. It is quite likely that 
among patients treated for Hodgkin lymphoma, sub-
groups can be identified that have risks similar to 
patients with recognized risk factors like, for instance, 
diabetes. In many countries, guidelines have been 
developed for primary and secondary prevention of car-
diovascular diseases [42, 43]. Lifestyle advice should 
be given, i.e., patients should be advised to refrain from 
smoking from the start of treatment of Hodgkin lym-
phoma, maintain a healthy body weight, and exercise 
regularly. In case cardiovascular surgery is needed, 
treating physicians should be aware of increased risks 
due to radiation-induced fibrosis [44].

23.1.2.4 � Prevention of Radiation-Associated 
Cardiotoxicity

With respect to radiation it is important to use conven-
tionally fractionated radiation, and to limit both radia-
tion dose and volume. Modern radiation techniques like 
intensity-modified radiotherapy allow radiation with 
lower exposure of the heart without compromising the 
radiation dose in the target volume. Ongoing research is 
expected to provide more information regarding which 
structures are most critical and whether it is less harm-
ful to expose a slightly larger volume to a low dose or a 
smaller volume to a slightly higher dose.

Optimization of treatment choice is still an impor-
tant subject of study. In the future, we hope to be able 
to identify survivor groups at high risk of late adverse 
effects (based on treatment and/or genotype) for which 
screening should be recommended and/or intervention 
trials could be designed.

23.1.3 � Radiation Damage  
to Major Arteries

23.1.3.1 � General Aspects of Radiation  
Damage to Major Arteries

Not only cardiac toxicity has been reported following 
treatment for Hodgkin lymphoma, also other blood 
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vessels may be damaged by radiation. Damage to the 
carotid arteries is of special importance. Significantly, 
increased risks of transient ischemic attack (TIA) and 
stroke have been described in patients treated with 
radiotherapy for HL [40, 45].

Recently, the Childhood Cancer Survivor Study 
(CCSS) published on self-reported incidence and risk 
factors for stroke among childhood Hodgkin lym-
phoma survivors [40]. Twenty-four late-occurring 
strokes were observed in a cohort of 1,926 survivors of 
childhood Hodgkin lymphoma (RR = 4.32; 95% 
CI = 2.01–9.29). Patients irradiated with mantle fields 
even experienced higher relative risks for stroke 
(RR = 5.62; 95% CI = 2.59–12.25). A Dutch retrospec-
tive cohort study among 2,201 5-year Hodgkin lym-
phoma survivors treated before the age of 51 between 
1965 and 1995 showed a substantially increased risk 
for stroke and TIA that was associated with radiation 
to the neck and mediastinum [45]. The standardized 
incidence ratio for stroke was 2.2 (95% CI = 1.7–2.8) 
and 3.1 for TIA (95% CI = 2.2–4.2). Compared with 
the general population, these risks remained elevated 
after prolonged follow-up. The cumulative incidence 
of ischemic stroke or TIA 30 years after Hodgkin lym-
phoma treatment was 7% (95% CI = 5–8%).

23.1.3.2 � Management of Radiation  
Damage to Major Arteries

There is no proof for the value of screening. Furthermore, 
there is no evidence for treatment other than manage-
ment of general risk factors for cardiovascular diseases 
(as abovementioned). Lifestyle advice should be given, 
i.e., patients should be advised to refrain from smoking 
(from the start of treatment of Hodgkin lymphoma), 
maintain a healthy body weight, and exercise regularly.

23.1.3.3 � Prevention of Radiation  
Damage to Major Arteries

Limitation of radiation-dose and volume and the use of 
adequate radiation techniques leading to homogeneous 
dose distributions are important. With the current concept 
used in radiation of patients with Hodgkin lymphoma 
(like involved-node radiation instead of involved-field 
radiation) [45], it is likely that the risk of radiation-related 

damage to the carotids in patients treated for Hodgkin 
lymphoma will diminish.

Screening for radiation effects on the carotid arteries 
is not generally recommended since there are no thera-
peutic consequences. Intervention studies are difficult to 
perform because of the relatively low number of patients 
treated for Hodgkin lymphoma and the long interval 
between treatment and clinical event. Surrogate end-
points like measurement of intima-media thickness of 
the carotid arteries could be used. An intervention study 
is ongoing in the Netherlands, using such an endpoint, 
but the results of this study will have to be awaited.

23.2 � Late Pulmonary Toxicity

Several chemotherapeutic agents and radiation may 
lead to pulmonary morbidity and mortality. Significant 
mortality may be seen in the first months up to 1 year 
after chemotherapy [47]. During long-term follow-up, 
the mortality from second pulmonary neoplasms is 
significantly increased (see Chapter 23), but not from 
other pulmonary diseases [20, 48]. Furthermore, higher 
morbidity may also be seen with longer follow-up.

23.2.1 � Chemotherapy-Associated 
Pulmonary Toxicity

23.2.1.1 � General Aspects of Chemotherapy-
Associated Pulmonary Toxicity

Several frequently used chemotherapeutic agents may 
cause pulmonary toxicity. Bleomycin is the most fre-
quently used agent in treatment of patients with 
Hodgkin lymphoma causing pulmonary toxicity.

23.2.1.2 � Bleomycin

The pulmonary toxicity of bleomycin has been recog-
nized since it was used in clinical trials in the 1960s for 
testicular cancer. Acute pulmonary toxicity following 
bleomycin-containing chemotherapy usually presents 
with dyspnea, dry cough, and fever. Long-term pulmo-
nary toxicity is predominantly fibrotic and may be 
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associated with pulmonary impairment and a dry cough. 
The classic radiographic pattern of bleomycin-induced 
interstitial fibrosis is marked by bibasilar reticular or 
fine nodular infiltrates. On CT scans, infiltrative changes, 
nodules, and patchy ground-glass opacities may be seen 
(see Fig. 23.1). Nowadays, FDG-PET can identify early 
bleomycin-related pulmonary toxicity and it may also 
be used for follow-up of this toxicity. Conventional CT 
scanning is not able to distinguish between residual 
changes and active inflammation. Thus, PET represents 
a useful diagnostic tool and, independently of CT, indi-
cates the resolution of disease activity, even in the pres-
ence of residual pulmonary scarring [49].

The severity of bleomycin toxicity may vary. Martin 
et al. [47] recently reported a bleomycin pulmonary tox-
icity incidence rate of 18% in patients treated with ABVD 
(25 of 141 patients) and one quarter of the patients with 
bleomycin pulmonary toxicity died from pulmonary tox-
icity within 9 months of their Hodgkin lymphoma diag-
nosis. In this study, a detrimental impact on 5-year overall 
survival rates in Hodgkin lymphoma patients who devel-
oped bleomycin pulmonary toxicity was observed, with 
a decrease in the median survival from 90 to 63%. In 
patients who survived the pulmonary toxicity, bleomycin 
pulmonary toxicity had no effect on outcome.

23.2.1.3 � Other Agents Leading  
to Pulmonary Toxicity

Carmustine is used in high-dose regimen such as car-
mustine, etoposide, cytarabine, and melphalan (BEAM) 

and may also induce pulmonary toxicity. The toxic 
reaction in the lung caused by carmustine usually man-
ifests as chronic interstitial fibrosis that occurs after 
prolonged treatment and high cumulative doses.

Recently, the substitution of etoposide by gemcit-
abine in the escalated BEACOPP regimen was reported 
non-feasible and lead to severe acute pulmonary toxic-
ity. This toxicity was probably related to the concomi-
tant application of gemcitabine and bleomycin [50]. No 
long-term follow-up is available for this treatment yet. 
In the same patient population, pulmonary toxicity fol-
lowing radiation was studied as well [51]. No increased 
toxicity was observed, so the authors concluded that 
integration of radiotherapy in gemcitabine-containing 
regimens in Hodgkin lymphoma is feasible provided 
there is an interval of at least 4 weeks between the two 
modalities and radiotherapy follows chemotherapy.

23.2.1.4 � Management of Chemotherapy-
Associated Pulmonary Toxicity

There is no accepted standard treatment for acute bleo-
mycin toxicity. Corticosteroids, withholding bleomy-
cin from subsequent chemotherapy, and proceeding 
with a regimen not containing bleomycin, if possible, 
is the most common approach [47]. Long-term corti-
costeroid treatment may be necessary to avoid recall 
pneumonitis.

23.2.1.5 � Prevention of Chemotherapy-
Associated Pulmonary Toxicity

Information on how to prevent long-term toxicity is 
scarce. High inspired concentrations of oxygen after 
prior treatment with bleomycin have been reported to 
be toxic [52].

23.2.2 � Radiation-Associated  
Pulmonary Toxicity

23.2.2.1 � General Aspects of Radiation-
Associated Pulmonary Toxicity

Radiation may not only damage the lung but also the 
pleura leading to different clinical symptoms. Radiation 

Fig. 23.1  CT scan of the chest showing interstitial pulmonary 
changes attributed to bleomycin
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can cause a dry cough and shortness of breath in the 
first months following radiation. The radiological 
changes after conventional treatment are well known. 
Changes on chest X-rays and CT scans of the thorax 
are usually observed 2–3 months following radiother-
apy (see Fig.  23.2). In the long term, progressive 
fibrotic retraction may be observed. Splenic radiation 
may lead to limited radiation pneumonitis of the left 
lung base, followed by pleural thickening, often with-
out any clinical symptoms [53]. A Dutch study on 
breast cancer and Hodgkin lymphoma patients reported 
a partial recovery from early local perfusion, ventila-
tion, and density changes that were seen between 3 and 
18 months after radiotherapy. In lymphoma patients, 
local lung function did not further improve after 18 
months [54].

The risk for radiation-induced pneumonitis is related 
to the radiation dose and irradiated volume. Generally 
accepted clinical parameters related to radiation pneu-
monitis within 1 year after treatment include mean 
lung dose (MLD) and the volume of lung tissue receiv-
ing at least 20 Gy (=V20). Koh et al. reported in their 
study performed to quantify the incidence of radiation 
pneumonitis in a modern Hodgkin lymphoma cohort, 
that a V20 range greater than 36–40% and a mean lung 
dose range of more than 14–16  Gy, over and above 
which the risk of RTOG Grade 2 or greater pneumoni-
tis would be considered clinically significant [55].

Although minor pleural changes such as small pleu-
ral effusions and pleural thickening may be seen regu-
larly following radiation for Hodgkin lymphoma, 
clinically significant symptoms are rare [56].

23.2.2.2 � Management of Radiation-Associated 
Pulmonary Toxicity

Treatment of radiation pneumonitis, usually occurring 
within the first year following treatment, generally 
consists of high-dose corticosteroids. In the long-term, 
no specific treatment is available since pulmonary 
fibrosis following radiation is generally irreversible.

23.2.2.3 � Prevention of Radiation-Associated 
Pulmonary Toxicity

During treatment the mean lung dose should be kept as 
low as possible. Patients are advised to refrain from 
smoking.

23.2.2.4 � Combined Toxicity

Combined modality treatment is frequently used in 
patients with Hodgkin lymphoma. Bleomycin dose 

a

b

Fig. 23.2  (a) Chest X-ray 11 years after mediastinal radiation 
showing paramediastinal radiation fibrosis. (b) CT scan of the 
chest of the same patient also 11 years after mediastinal radia-

tion showing interstitial pulmonary changes limited to the medi-
astinal radiation field
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modification may be required in a substantial number 
of patients [57]. Since the addition of radiotherapy 
may further decrease pulmonary function, radiother-
apy may have to be adapted as well.

23.3 � Conclusion

The cure rate of Hodgkin lymphoma patients today 
amounts to 80% or more with risk-adapted treatment 
using modern chemotherapy and radiotherapy regi-
men. Effective chemotherapy combinations have been 
developed and possibilities to treat acute toxicity have 
improved significantly. Long-term cardiovascular and 
pulmonary toxicity currently observed was caused by 
treatment regimens that are no longer applied. Because 
of improved knowledge on toxicity and patient-tailored 
treatment we expect to observe lower risks of cardio-
vascular and pulmonary toxicity in the majority of 
patients. However, it is important for treating physi-
cians and patients to remain aware of possible late 
effects following treatment.
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24.1 � Gonadal Dysfunction in Men

24.1.1 � Male Reproductive Physiology

Sperm production in males is stimulated via secretion 
of follicle-stimulating hormone (FSH) by the pituitary 
gland, regulated by a negative feedback mechanism via 
inhibin produced from the Sertoli cells and/or seminif-
erous tubules. Impaired or absent sperm production can 
be anticipated based on progressive elevation of FSH 
levels. Testicular androgen production is regulated by 
pituitary secretion of luteinizing hormone (LH) and 
controlled by a comparable feedback mechanism via 
testosterone production of the testicular Leydig cells.

Gonadal function can be evaluated by measuring 
FSH and LH together with the morning testosterone 
level. A semen analysis is a more definitive test of fer-
tility, with normal values of >20 × 106/mL, a sperm 
motility of >50%, and with >14% of normal forms.

24.1.2 � Hodgkin Lymphoma  
and Male Gonadal Dysfunction

Seventy-eighty percent of male HL patients have 
inadequate pre-treatment semen quality due to the 
lymphoma itself [1–4]. The mechanisms involved are 
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still unknown, however, possible factors include dam-
age to the germinal epithelium, disturbances in the 
hypothalamic−hypophysial axis, immunological pro-
cesses associated with cancer that impair spermatogen-
esis, and the impact of cytokines [2, 5–9]. In a recent 
study by the German Hodgkin Study Group (GHSG), 
male fertility was assessed in a total of 243 patients. In 
pre-treatment semen analysis, only 20% of patients had 
normal sperms. Azoospermia was observed in 11% of 
patients and dysspermia in 69% [3].

24.1.3 � Treatment-Related  
Gonadal Dysfunction

Post-treatment gonadal damage is most often associ-
ated with chemotherapy regimens that include alkylat-
ing agents such as cyclophosphamide and procarbazine. 
The degree of damage and recovery of spermatogenesis 
depends on the choice of drugs and the dose given. In 
multiple analyses, the rate of azoospermia after cyclo-
phosphamide, vincristine, procarbazine, and predni-
sone (COPP); mustargen, vincristine, procarbazine, 
and prednisone (MOPP); or cyclophosphamide, vin-
cristine, procarbazine, prednisone, adriamycin, bleo-
mycin, vinblastine, and dacarbazine (COPP/ABVD) is 
high, ranging from 80 to 100% [4, 10–14]. Recovery of 
spermatogenesis can occur, and has been recorded in 
11–14% of males after these regimens [4, 13–15]. This 
rate was 40% when dysspermia was included [4]. Da 
Cunha and colleagues assessed MOPP-induced gonad-
otoxicity, demonstrating a significantly higher rate of 
azoospermia in patients treated with more than five 
cycles of MOPP compared to those receiving three or 
fewer cycles [16]. Newer and more intensive alkylating 
agent based combinations such as bleomycin, etopo-
side, adriamycin, cyclophosphamide, vincristine, pro-
carbazine, and prednisone (BEACOPP) are highly 
gonadotoxic in males. In a recent study, post-treatment 
sperm analyses performed at a median of 17.4 months 
after the end of therapy revealed azoospermia in 64% 
of patients, other forms of dysspermia in 30%, and nor-
mal sperm analysis results in only 6% of cases [3]. 
Thirty-eight patients with advanced stage disease were 
examined and 89% were azoospermic after treatment. 
None of these patients had a normal sperm status. There 
was no statistically significant difference in the post-

treatment fertility status between a group of patients 
treated with eight cycles of BEACOPP baseline (with a 
cumulative cyclophosphamide dose of 5,200  mg/m²) 
and a group treated with eight cycles of BEACOPP 
escalated regimens (with a cumulative cyclophosph-
amide dose of 10,000 mg/m²) [3].

In contrast, the probably most widely used standard 
treatment for HL, ABVD, is less gonadotoxic, with 
gonadal damage that might be only transient [13, 17, 18].

Pelvic radiotherapy is now infrequently used in the 
management of HL. The testes are highly sensitive to 
irradiation in a dose-dependent manner. Doses above 
4–6 Gy can result in permanent azoospermia and doses 
of more than 6 Gy have a significant risk of this com-
plication. Direct testicular irradiation is usually not 
necessary in HL patients, and scattered irradiation can 
be reduced by shielding the testes.

24.1.4 � Predictive Factors for Gonadal 
Dysfunction and Damage

In a multivariate analysis of HL patients at initial diag-
nosis, Rueffer and colleagues described an elevated 
erythrocyte sedimentation rate (ESR) and poor prog-
nostic risk groups as predictive for severe dysspermia 
[2]. A comparable study by Gandini and colleagues 
evaluated the semen quality in 106 untreated HL patients 
and showed a significant decrease in sperm concentra-
tion, total sperm count, and forward motility in the later 
stages of HL (stage III–IV) compared to early stages 
(stage I–II). Interestingly, of 53 patients with elevated 
ESR, 79.2% had a normal sperm count, suggesting this 
parameter was not predictive for semen quality or 
potential infertility [19]. In a recent analysis of the 
GHSG risk groups, extranodal involvement, treatment 
with chemotherapy and BEACOPP were predictive fac-
tors for post-treatment azoospermia only in a univariate 
model. The fertility status prior to therapy was not pre-
dictive for post-treatment fertility [4, 20].

24.1.5 � Hormonal Analyses to Assess 
Testicular Function After Therapy

Achievement of paternity and sperm counts provide 
the strongest evidence of male fertility; however, 
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gonadotropin measurement can also provide useful 
surrogate information. Most studies in male patients 
show that the FSH levels correlate with testicular func-
tion after treatment [3, 4, 11, 18, 21]. In a recent study 
by van der Kaaij and colleagues, FSH was measured in 
a total of 355 patients with early-stage disease at least 
12 months after the end of treatment. FSH was elevated 
in 35% of all patients and in 3% of those receiving 
radiotherapy only. In contrast, 60% of patients treated 
with alkylating agents had elevated FSH levels whereas 
this was observed in only 8% of patients receiving 
chemotherapy without alkylators. Recovery of fertility 
was also poorer in patients treated with alkylating-
agent-containing chemotherapy [21]. Kreuser and col-
leagues reported increased FSH levels in 80% of 
patients after treatment with COPP/ABVD [11]. In a 
retrospective GHSG analysis, abnormal FSH levels 
after chemotherapy were found in 79%. In this group, 
the majority of patients were azoospermic (78%; 
p = 0.001), suggesting an indirect correlation between 
FSH level and testicular dysfunction after therapy [3]. 
In contrast, normal levels of LH and testosterone were 
found in 86 and 63% of patients after treatment. This 
underlines the hypothesis that spermatogonia cells are 
sensitive, whereas Leydig cells are more resistant to 
the toxic effects of cytostatic drugs [3, 11, 14]. A fur-
ther important hormone in the assessment of infertility 
in men is inhibin B, which is produced by the Sertoli 
cells. Some studies support the use of inhibin B and 
inhibin B/FSH ratios as markers of male infertility 
[22, 23]. According to the results of a recent study, 
65% of male cancer survivors had low inhibin B val-
ues as compared to 26% in the control group [24]. 
Inhibin B levels correlated significantly with sperm 
concentration [24–26].

24.1.6 � Endocrine Hypogonadism  
After Chemotherapy in Men

Little is known on the endocrine status of men after 
chemotherapy for HL. A recent study by Kiserud and 
colleagues investigated post-treatment exocrine and 
endocrine gonadal function in 165 HL and 129 non-
Hodgkin lymphoma (NHL) patients. In almost one-
third of the patients, the hormone levels were 
compatible with endocrine hypogonadism, defined as 
low testosterone with or without elevated LH, or 

elevated LH and normal testosterone. Interestingly, 
only three patients were receiving testosterone replace-
ment at the time of analysis [27]. Comparable findings 
after chemotherapy for testicular cancer in young 
males were linked with a subsequent risk of develop-
ing metabolic syndrome [28].

24.1.7 � Fertility Preservation in Men: 
Preventative Pretreatment 
Strategies and Management  
After Chemotherapy

Sperm banking is a widely available and successful 
pre-treatment preventative strategy. All postpubertal 
males should be offered sperm banking prior to poten-
tially gonadotoxic chemotherapy. This also needs to 
include patients planned for ABVD, although this regi-
men has a rather low risk of treatment-related infertil-
ity. The reason for this is that in the event of early 
relapse, sperm quality and quantity might not have 
recovered, rendering banking impossible prior to 
gonadotoxic salvage treatment. Sperm should be banked 
regardless of count as intracytoplasmic sperm injection 
can be successfully used as part of in vitro fertilization 
(IVF) where counts are low. If azoospermia is present 
and time permits, testicular sperm retrieval can be suc-
cessful, particularly in the presence of a normal or only 
modestly elevated FSH level.

24.2 � Gonadal Dysfunction in Women

24.2.1 � Female Reproductive Physiology

In premenopausal menstruating women, ovarian func-
tion is controlled by pituitary secretion of FSH and LH. 
FSH activates the granulosa cells of growing ovarian fol-
licles which in turn begin to proliferate and to produce 
estradiol. This reduces the FSH levels by feedback inhi-
bition, maintaining them at low levels. A mid-cycle LH 
surge induces ovulation following the formation of the 
luteal body that produces progesterone. Follicle develop-
ment takes place over several months prior to ovulation. 
The growing follicles produce not only estradiol, but 
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also inhibin, which prevents the growth of too many fol-
licles by downregulating FSH.

At puberty, approximately 300,000 follicles are 
present in the ovary. This number declines with age to 
around 1,000 at menopause (around 50–52 years of 
age), when FSH levels are insufficiently suppressed 
due to declining estrogen levels and therefore rise. The 
decline accelerates after the age of 35.

The number of follicles present in the ovary is known 
as the ovarian reserve and reflects reproductive capacity. 
Anti-Müllerian hormone (AMH) is produced by early, 
developing follicles, and its levels vary slightly during 
the menstrual cycle. It acts directly on other follicles in 
the ovary and inhibits the growth of too many follicles. 
The levels of this hormone are increasingly used in 
clinical studies to assess long-term gonadal damage and 
ovarian reserve.

24.2.2 � Treatment-Related Infertility

While the mechanisms underlying the ovariotoxic 
effects of cytostatic drugs are still largely unknown, it is 
clear that the development of primary ovarian failure 
after chemotherapy is caused by accelerated attrition of 
the ovarian primordial follicles. As described above, 
this is age-dependent in relation to the ovarian reserve. 
For alkylating agents, a direct dose-dependent cytotoxic 
effect has been described. Acute toxicity reduces the 
number of follicles, whereas chronic toxicity affects the 
quality of follicles resulting in early atresia [29].

Very similar to male patients, alkylating agents are 
most commonly involved in female gonadal damage. 
This is well documented after treatment with older 
chemotherapy regimens such as MOPP or MVPP 
(mustargen, vinblastine, procarbazine, and predni-
sone). In an early study, only 17 of 44 women main-
tained regular menses when either of these regimens 
was used [30]. In a similar study, Schilsky and col-
leagues investigated ovarian function after treatment 
with MOPP and documented persistent amenorrhea in 
11 of 24 women [31]. Similarly, after treatment with 
alternating COPP/ABVD for advanced-stage HL, ther-
apy-induced ovarian failure was described in 17 of 22 
women (77%) [11]. A more recent analysis included a 
total of 84 female patients with HL and NHL treated 
with at least three cycles of chemotherapy including 
alkylating agents. Premature ovarian failure (POF) was 

defined as persistent amenorrhea for at least 2 years 
after the end of chemotherapy and elevated FSH lev-
els. After a median follow-up of 100 months, 31 (37%) 
women with preserved fertility achieved natural preg-
nancy; in 34 women (40.5%), premature ovarian fail-
ure was reported [32]. A study by Haukvik and 
colleagues reported POF (in this study defined as per-
sistent amenorrhea before the age of 41) in 37% of 
women after HL treatment. This occurred more com-
monly in alkylating-agent-treated patients [33]. In a 
retrospective GHSG analysis, the menstrual status 
after HL treatment of 405 female patients younger than 
40 years was analyzed. With a median follow-up of 3.2 
years, 51.4% of women who received eight cycles of 
escalated BEACOPP had continuous amenorrhea. 
Amenorrhea was significantly less common in women 
treated with two cycles of ABVD (3.9%), two cycles 
of alternating COPP/ABVD (6.9%), four cycles of 
alternating COPP/ABVD (37.5%), or eight cycles of 
BEACOPP baseline (22.6%). In a multivariate analy-
sis, amenorrhea was most pronounced in women with 
advanced-stage HL, women older than 30 years of age 
at treatment, and women who did not take oral contra-
ceptives during chemotherapy [34].

After ABVD alone, chemotherapy-induced ovarian 
failure is less likely, especially when women are younger 
than 30 years at the time of treatment [17, 35–38].

Older women have a significantly lower likelihood 
of ovarian recovery than those of younger age [11, 
30–32, 34, 39, 40]. In the GHSG analysis, 40% of 
women younger than 30 years of age experienced 
amenorrhea after treatment with eight cycles of esca-
lated BEACOPP, compared to 70% of women aged 30 
years or older [34] (Table 24.1). Interestingly, the study 
by Haukvik and colleagues demonstrated a high cumu-
lative percentage of POF in the youngest group of 
women. Compared to women diagnosed at the age of 
30 years or older, those younger than 30 years devel-
oped POF approximately 5 years later. These findings 
suggest that younger age at HL treatment delays the 

Age Chemotherapy regimen Amenorrhea (%)

<30 years 8 × BEACOPP baseline 11.8
³30 years 42.1

<30 years
³30 years

8 × BEACOPP escalated 40.4
70.4

Table 24.1  Chemotherapy-induced amenorrhea depending on 
chemotherapy regimen in advanced stages and age at treatment 
(Behringer et al., 2005)
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development of POF, but that the life-time risk of POF 
is not decreased [33].

24.2.3 � Post-treatment Assessment  
of Ovarian Reserve with  
Anti-Müllerian Hormone Levels

In the literature, the definition of gonadal toxicity 
varies. As described in the prior section, gonadal tox-
icity is in some reports defined by amenorrhea only, 
whereas in others also hormonal parameters such as 
FSH or LH were used. However, all of these param-
eters only measure the ovarian reserve indirectly and 
have little sensitivity. Recent studies suggested that 
AMH is the most sensitive marker of gonadal func-
tion. This hormone is produced by the granulosa cells 
of early developing pre-antral and antral follicles in 
the ovary. The serum AMH levels can be used as a 
marker for the number of growing follicles − the lev-
els decrease when the number of follicles decline. 
The AMH levels are not influenced by the day of the 
menstrual cycle. They are therefore a potentially 
convenient and useful marker [41–43]. Recently, 
AMH has been tested to identify subgroups of child-
hood cancer survivors at risk for premature ovarian 
failure [44].

24.2.4 � Radiation Therapy

Due to the increasing use of combined modality or che-
motherapy-only approaches, infradiaphragmatic radia-
tion is rarely used in the treatment of HL. According to 
a mathematic model described by Wallace and col-
leagues, the dose of radiation required to destroy 
approximately 50% of oocytes has been estimated to be 
less than 2 Gy [45]. The estimated effective sterilizing 
radiation dose to the ovary for 20-year-old patients is 
16.5 Gy [46]. The uterus is more radioresistant than are 
the ovaries. Nonetheless, partial or complete uterine 
irradiation, though rarely required, can result in uterine 
fibrosis with an increased rate of miscarriage. Gonadal 
and organ damage can be reduced by shielding and other 
techniques, and pre-treatment oophoropexy may also 
have a role in this process.

24.2.5 � Preventative Treatment  
Strategies in Women

After HL diagnosis, strategies for ovarian protection 
should be offered to all women who have not com-
pleted their family planning. Women should be referred 
to an experienced center for counseling on protective 
procedures, after which management approaches 
should also be discussed with the attending oncologist. 
Figure 24.1 summarizes the options to preserve fertil-
ity in women with HL [47].

24.2.6 � Pharmacological Prevention  
of Gonadal Damage

Gonadotoxic chemotherapy destroys ovarian follicles 
and leads to decreased estrogen and inhibin secretion. 
Due to the negative feedback mechanism, the FSH lev-
els increase and induce an increased recruitment of 
follicles, which are also potentially destroyed by che-
motherapy. Pharmacological methods to protect fertil-
ity aim at suppressing pituitary gonadotropin secretion 
and cyclic ovarian function with the use of GnRH ago-
nists, antagonists, and oral contraceptives.

The following putative protective mechanisms 
using GnRH analogues have been suggested [48].

1. 	Creating a prepubertal, hypogonadotropic milieu: 
Injected GnRH analogues cause an initial stimula-
tion (“flare up”) of the pituitary LH and FSH secre-
tion. As a consequence of the downregulation of the 
pituitary GnRH receptors, the FSH and LH secretion 
then declines to low, prepubertal serum levels. This 
mechanism prevents the FSH levels from increasing 
and can stop the enhanced recruitment of follicles, 
thereby rescuing them from accelerated atresia.

2. 	Decreased utero-ovarian perfusion: Due to the hypo-
estrogenic milieu, utero-ovarian perfusion is decreased. 
This may lead to a lower total cumulative exposure of 
the ovaries to gonadotoxic chemotherapy.

3. 	A direct effect on GnRH receptors: GnRH-a may 
directly decrease gonadotoxicity of chemotherapy.

4. 	Possible role of sphingosine-1-phosphate: Spingosine-
1-phosphate (S-1-P) is a lipid mediator of cell growth, 
survival, invasion, vascular maturation, and angio-
genesis, which are all processes that are involved in 
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cell viability and cancer progression. It is speculated 
that GnRH-a may increase intragonadal S-1-P, thus 
preventing the ovarian follicles from destruction.

5. 	Possible protection of ovarian stem cells: It is spec-
ulated that GnRH-a may protect undifferentiated 
germ line stem cells that are capable of generating 
de novo primordial follicles.

Others have challenged the putative protective effect 
of GnRH-a, as the primordial follicle growth is an 
FSH-independent process and alkylating agents are 
not cell-cycle specific. Thus, they might damage rest-
ing primordial follicles. It is speculated that GnRH-a 
might halt the growth of developing follicles, resulting 
in a resumption of the menstrual cycle in the short 
term, which might give the false impression that ovar-
ian function is preserved [49].

Two retrospective reviews have recently examined the 
possible gonadal protective effect of GnRH-a in chemo-
therapy-treated patients. Beck-Fruchter and colleagues 
reviewed a total of 12 journal articles (two of which 

referred to small prospectively randomized trials), which 
included 345 women receiving GnRH-a co-treatment 
with chemotherapy and 234 women who did not receive 
GnRH-a during cancer treatment. Premature ovarian 
failure (POF) or persistent amenorrhea was reported in 
9% of the GnRH-a co-treatment group and in 59% in the 
control group [50]. Similar results were reported by 
Blumenfeld and von Wolff after reviewing a total of nine 
clinical trials in which the POF rate was 11.1% in the 
GnRH-a group (n = 225) compared to 55.5% in the con-
trol group (n = 189) [48]. Despite these data, both authors 
concluded that the results should be regarded inconclu-
sive and recommended conducting large, well-designed, 
prospective randomized trials.

Recently, preliminary data from a randomized study 
in 80 women with breast cancer undergoing 5-fluoroura-
cil, adriamycin, cyclophosphamide (FAC) chemotherapy 
was reported. After 8 months, menstruation was docu-
mented in 89.6% of the GnRH-a co-treatment group 
compared to 33.3% in the control group [51]. A study by 
Huser and colleagues investigating the protective effect 

Fig. 24.1  Fertility preservation in women with HL (modified by Demeestere et al. (2007) [47])
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of GnRH-a in a total of 117 female HL patients sug-
gested that GnRH-a might only be effective in women 
receiving less aggressive chemotherapy. No significant 
protection with GnRH-a was achieved in women receiv-
ing eight cycles of escalated BEACOPP [52].

Between 2004 and 2007, the GHSG conducted a 
prospective randomized trial (PROFE) to analyze the 
protective effect of GnRH-a. This trial was designed 
for young female patients (18–40 years) with advanced-
stage HL, receiving eight cycles of escalated BEACOPP. 
Patients were randomly assigned either to daily oral 
contraceptives (OC) or the GnRH-analogue (GnRH-a) 
goserelin, given monthly during eight cycles of poly-
chemotherapy with escalated BEACOPP. The study 
was closed early after an interim analysis of 23 patients. 
Twelve patients were enrolled into arm A (OC) and 11 
into arm B (GnRH-a). The women’s median age was 
26 years in arm A and 25 years in arm B. The AMH 
level after at least 12 months was reduced in all women. 
Combining both treatment arms, the respective ovarian 
follicle preservation rate was 0% (95% CI: 0–12%); 
thus, continuation of the study was not justified.

Clinically relevant side effects of GnRH-a include 
menopausal symptoms such as hot flushes, headaches, 
mood changes, and decreased bone density [50, 53].

24.2.7 � Cryopreservation  
of Oocytes/Ovarian Tissue

In the field of cryopreservation of oocytes and ovarian 
tissue, there have been remarkable advances in recent 
years. But which technique (if any) should be recom-
mended to a young woman before chemotherapy? This 
depends on the treatment to be used, age, availability of a 
partner, and the clinical condition of the patient and time 
available. It should be emphasized that results are likely 
to significantly improve during the reproductive span of 
patients currently undergoing harvest and storage.

24.2.7.1 � Ovarian Stimulation and 
Cryopreservation of Fertilized  
and Unfertilized Oocytes

A minimum period of 2 weeks is required for both pro-
cedures. This is largely due to the time needed for ovar-
ian stimulation. Modified stimulation regimens requiring 
2 weeks have been successfully evaluated [54]. The 

cryopreservation of fertilized oocytes is a well-estab-
lished method. If sufficient numbers of oocytes can be 
retrieved and all cryopreserved fertilized oocytes are 
transferred, the average cumulative pregnancy rate can 
be up to 40%. The success rate of the cryopreservation 
of unfertilized oocytes seems to depend on the freezing 
methodology and thus strongly depends on the expertise 
of the fertility center.

24.2.7.2 � Embryo Cryopreservation

Embryo cryopreservation and retrieval are validated 
and successful techniques. Like in oocyte preservation, 
time is needed to achieve ovarian stimulation. A part-
ner is also required. This is the preferred technique in 
ideal circumstances.

24.2.7.3 � Cryopreservation of Ovarian Tissue

Cryopreservation of ovarian tissue is an alternative, 
especially for young patients without a partner. This 
method requires little or no preparative time but does 
require a laparoscopy. A combination of this technique 
with other invasive methods is possible.

The ovarian tissue is retrieved from one ovary and 
subsequently prepared and preserved using cryopro-
tective agents. If ovarian function insufficiency devel-
ops while relapse-free on follow-up, the cryopreserved 
tissue can be transplanted orthotopically to the remain-
ing ovary or heterotopically. Currently, 12 live births 
and several ongoing pregnancies have been reported 
using this approach [55]. Work in mice models led to 
concern about possible tumor re-implantation from 
ovaries infiltrated with lymphoma [56]. In practice, 
however, HL rarely involves the ovaries; the tumor 
cells are extremely fragile and so far there are no 
recorded events of tumor cell reimplantation [55, 57].

24.2.8 � Premature Menopause

Early onset of menopause in female patients after treat-
ment for childhood cancer is well described [58, 59], 
and recent data shows a higher cumulative incidence 
of premature menopause by the age of 40 for survi-
vors compared to control siblings (8 vs. 0.8%) [60]. 
Alkylating-agent-based combination chemotherapy 
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will very likely lead to premature menopause in female 
patients. It is important to note that occasionally tran-
sient cessation of menses, with or without hot flushes, 
can occur. Hormone replacement may be indicated to 
reduce symptoms and prevent osteoporosis. If fertility 
is desired in younger women and conventional low-
dose HRT is used, it is possible to monitor ovarian 
recovery with FSH levels. If oral contraceptives are 
used, treatment breaks with re-evaluation of ovarian 
function may be reasonable.

24.3 � Conclusions

Remarkable advances have occurred in the management 
of HL, and today cure can be anticipated for the vast 
majority of young adults. When alkylating-agent-based 
combination chemotherapy was first devised in the 
1960s, almost any late effect on fertility was acceptable 
in the context of the hitherto grim prognosis of HL, par-
ticularly in advanced stages. Then, regimens such as 
ABVD proved to be equivalent or superior, inducing 
much less gonadotoxic effects. After the more recent 
introduction of highly effective alkylating-agent-based 
therapy such as BEACOPP, impressive failure-free sur-
vival rates were achieved, but were associated with sub-
stantial gonadal toxicity, necessitating the development 
of adjunctive fertility supporting technology. Current tri-
als evaluate risk-adapted treatment, reserving more effec-
tive but more toxic treatment for subgroups of patients 
with poorer prognosis as judged by positron emission 
tomography (PET) scanning.

The remarkable advances in the management of HL 
are paralleled by advances in fertility preservation 
techniques. It is of particular importance that these are 
considered and discussed as early as possible after 
diagnosis in the context of the patient’s wishes with 
regard to treatment and future fertility.
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25.1 � Introduction

Genome-wide strategies have been developed in recent 
years to comprehensively detect changes in DNA, RNA, 
and proteins. These technologies are in constant flux, as 
improvements in nanotechnology combined with inno-
vation in the fields of genomics and bioinformatics 
improve our ability to interrogate single cells at a resolu-
tion not seen previously. Next-generation sequencing 
technology and microarray approaches allow an unparal-
leled ability to explore genomes, transcriptomes, and pro-
teomes at a depth of coverage and resolution at which 
novel discovery is possible. The phenotypic conse-
quences of these genetic changes can now be more fully 
understood. By applying these technologies to Hodgkin 
lymphoma, major advances have been made and more 
yet to be realized, all of which improve our understand-
ing of the complex biology of this unique cancer. Despite 
major advances, numerous obstacles remain that prevent 
direct clinical translation and meaningful improvements 
in diagnosis, predicting prognosis and patient care. For 
both scientists and clinicians interested in the pathogen-
esis of Hodgkin lymphoma and the identification of new 
targets for therapy, these obstacles include: (a) the scar-
city of the malignant Hodgkin Reed-Sternberg (HRS) 
cells in diagnostic biopsies; (b) the complex interaction 
of these cells with non-neoplastic immune cells in the 
tumor microenvironment; (c) the lack of good in vitro 
and animal models; (d) sophisticated bioinformatics 
tools required to properly analyze the large amounts of 
data that result from high-resolution genomic experi-
ments and finally; (e) systematic clinical data and/or 
randomized clinical trials material needed to translate 
novel findings into clinically useful biomarkers.

The focus of this chapter is largely a subject of 
speculation. Before peering into the future and address-
ing the question of “what will we learn from genomics 
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and proteomics,” we will first examine what useful 
data these approaches have already provided. We will 
then turn our attention to a discussion of whether these 
strategies will ultimately lead to significant insight that 
will result in unraveling the biology of Hodgkin lym-
phoma, with the goal of developing new therapies that 
translate into cures and improved quality of life for 
patients suffering from this disease.

25.2 � What Have We Learned Thus Far?

25.2.1 � HRS Cells or the 
Microenvironment?

The clinical and pathological features of Hodgkin 
lymphoma reflect an abnormal immune response that is 
thought to be due to expression of a variety of cytokines 
by the HRS cells altering the surrounding microenvi-
ronment [1]. Cytokines are low-molecular-weight pro-
teins with a wide variety of functions that work either in 
a paracrine manner to modulate the activity of sur-
rounding cells or in an autocrine fashion to affect the 
cells that produce them. Furthermore, it is a widely 
accepted concept that the overexpression of Th2 cytok-
ines and TGFb leads to a microenvironment that sup-
presses cell-mediated immunity and in return favors 
HRS cell survival, highlighting the bidirectional cross-
talk of cells involved in the pathogenesis of Hodgkin 
lymphoma [2, 3]. To dissect and simplify this complex 
interaction of the malignant HRS cells with their 
microenvironment, two types of experiments have been 
performed, including those focusing on (1) cell lines 
and enriched HRS cells (by microdissection or fluores-
cence-activated flow sorting) and (2) the reactive 
microenvironment. In addition, targeted gene polymor-
phism studies have established a link to the host- 
specific genetic background modulating Hodgkin 
lymphoma susceptibility and treatment outcome [4–6].

25.2.2 � Array Comparative Genomic 
Hybridization (aCGH)

Studies of gene copy number changes using conventional 
chromosomal CGH helped to establish the clonal rela-
tionship of HRS cells and revealed that many cases 
shared common chromosomal imbalances during tumor 

evolution. In brief, a Hodgkin lymphoma characteristic 
profile of recurrent copy number gains and losses has 
been described, including gains of chromosomes 2p, 9p, 
16p, 17q, and losses of 13q, 6q, and 11q [7, 8]. These 
studies for the first time used laser capture microdissec-
tion followed by whole-genome amplification (WGA). 
In one of these studies, the authors also found a correla-
tion of 13q losses with poor outcome; however, the major 
contribution of these data encompassed an improved 
understanding of the underlying pathobiology as exem-
plified by the detailed characterization of the two most 
prominent alterations, gains of 2p and 9p, recognizing 
the oncogenes c-REL and JAK2 as putative target genes 
[9–11]. While these studies were primarily limited 
because of low resolution (approximately 2–5  Mb for 
high-level amplifications and 10–20 Mb for deletions), 
the two most recent studies used oligonucleotide and 
BAC arrays providing a much higher resolution. In these 
studies, novel copy number changes were identified 
including amplification of STAT6, NOTCH1, JUNB, 
IKBKB, CD40, and MAP3K14 [12, 13]. Remarkably, the 
smallest detected deletion spanned only 156 kb targeting 
CDKN2B, emphasizing the improved detection sensitiv-
ity over conventional chromosomal CGH. Furthermore, 
for the first time a correlation of chromosome 16p gains 
with primary treatment failure could be described [13].  
Interestingly, in the therapy-resistant Hodgkin lymphoma 
cell line KMH2 genomic gains and overexpression of the 
multidrug resistance gene ABCC1 mapping to cytoband 
16p13.11 were found contributing to the drug-resistance 
phenotype of this cell line.

Characterization of commonly used Hodgkin lym-
phoma cell lines by high-resolution aCGH further con-
tributed to the inventory of imbalances found in relapsed 
Hodgkin lymphoma [14].

25.2.3 � Gene Expression Profiling

Overall, gene expression profiling experiments have 
contributed substantially to an improved understanding 
of the disease with respect to the inherent phenotypic 
features of the malignant HRS cells and the specific 
composition of the microenvironment. Moreover, first 
steps could be made to establish outcome correlations 
with the potential to improve prediction of treatment 
response. However, many questions remain including 
often contradictory results derived from different 
patient cohorts. Focusing on HRS cells, the first major 
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contribution of gene expression profiling was made by 
investigating Hodgkin lymphoma cell lines. These piv-
otal studies first established a transcriptome-wide view 
of the malignant cell compartment describing a unify-
ing gene signature for classical Hodgkin lymphoma 
[15]. Together with other important similar studies, 
this gene expression work helped to elucidated the loss 
of the B cell signature phenotype and the deregulated 
expression of transcription factor networks in compari-
son to normal germinal center B cell counterparts [16–
19]. Only two gene expression studies have been 
published examining microdissected HRS cells from 
clinical biopsy material that further characterized tran-
scriptional changes in these cells [20, 21]. One of 
these  studies for the first time also focused on gene 
expression profiling of microdissected cells from nod-
ular lymphocyte predominant Hodgkin lymphoma, 
describing a close relationship to classical Hodgkin 
lymphoma and T cell−rich B cell lymphoma. However, 
in both studies correlation of the findings with outcome 
was not possible due to lack of clinical data and rela-
tively small sample size.

Four major genome-wide gene expression studies 
have been published to date analyzing whole-tissue 
lymph node biopsy material. Since the HRS cells are 
largely outnumbered by reactive cells in most biopsies, 
these studies using whole frozen biopsies are regarded 
as largely a reflection of the microenvironment [22–25]. 
However, some of these data provide evidence that at 
least part of the apparent signatures are derived from 
HRS cells [23, 25]. In one study, a specific gene expres-
sion signature could be linked to EBV-positivity with 
genes overexpressed, indicative of an increased Th1/
antiviral response in comparison to the EBV-negative 
cases [24]. In addition to a better characterization of cer-
tain Hodgkin lymphoma subtypes defined by specific 
gene signatures, these experiments also allowed for 
the  study of outcome correlations using supervised 
analyses. All studies have used dichotomized clinical 
data sets based on slightly different definitions of clini-
cal extremes according to outcome after systemic treat-
ment (i.e., treatment success vs. treatment failure). 
However, these types of analyses have in part yielded 
conflicting results regarding the specific signatures that 
best define these clinical extremes. While one study 
found overexpression of genes involved in fibroblast 
activation, angiogenesis, extracellular matrix remodel-
ing, and downregulation of tumor suppressor genes to 
be linked with an unfavorable prognosis, another study 
found a correlation of fibroblast activation, fibroblast 

chemotaxis, and matrix remodeling with improved out-
come [22, 23]. While small sample sizes in both studies 
might have hampered interpretation, the most recent 
study investigated gene expression profiles of 130 
patients including 38 patients whose primary treatments 
failed representing the largest gene expression cohort 
published to date [25]. This study could validate previ-
ously reported outcome correlations, and furthermore 
showed that a gene signature of macrophages was 
linked to primary treatment failure. In validation exper-
iments the authors could demonstrate that the enumera-
tion of CD68+ macrophages in lymph node biopsies 
was a strong and independent predictor of disease-spe-
cific survival in an independent set of patients. These 
data provide proof of principle that clinically relevant 
findings can be derived from genome-wide profiling 
platforms and raise hope that better outcome prediction 
can be achieved in Hodgkin lymphoma.

25.2.4 � Proteomics

Proteomic studies in lymphoid malignancies and in 
Hodgkin lymphoma in particular are still in their 
infancy. The application of proteomic techniques has 
been shown to be a useful tool for detection of bio-
markers in other diseases; however, clinically relevant 
findings are largely lacking in Hodgkin lymphoma 
[26]. Two approaches have been chosen thus far: one 
using total cell lysates and the other analyzing the 
secretome of HRS cells [27–30]. These studies were 
aimed at developing novel candidate biomarkers and 
diagnostic tools by identifying specific protein profiles 
linked to certain lymphoma entities, but also sought to 
determine an inventory of secreted proteins that are 
critically involved in the crosstalk of HRS cells with 
their microenvironment. While these experiments dem-
onstrated the feasibility of proteomic studies in HL cell 
lines, the literature is still lacking studies using pri-
mary lymph node tissues in this disease. In addition, 
reproducibility of proteomics experiments, in particu-
lar, reproducibility of time-of-flight mass spectrometry 
(TOF-MS), is of general concern for its potential clini-
cal applicability [31]. However, recently developed 
proteomic approaches using nanoscale reversed-phase 
liquid chromatograph tandem mass spectrometry (LC-
MS/MS) has shown to be a major advance by identify-
ing a large number of secreted proteins using Hodgkin 
lymphoma cell lines, including candidate molecules 
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such as CCL5, CCL17, CTCS, CTSS, CX3CL1, and 
MIF. Moreover, these results were validated using inde-
pendent techniques including enzyme-linked immuno-
sorbent assays (ELISA) and immunohistochemistry 
(IHC) [29]. Additional efforts are needed to translate 
these findings into clinically useful biomarkers in 
Hodgkin lymphoma.

25.3 � What Will We Learn?

Meaningful separation of clinical Hodgkin lymphoma 
cases into limited vs. advanced-stage disease, classical 
Hodgkin lymphoma vs. nodular lymphocyte predomi-
nant Hodgkin lymphoma, and finally distinguishing 

patients based on the International Prognostic Scoring 
(IPS) system for advanced-stage disease are still con-
sidered the gold standard for risk assessment and strati-
fication used to guide treatment decisions. Despite 
advances in genomics and proteomics research, none 
of the findings derived from the various aforemen-
tioned platforms have found their way into clinical 
practice in the form of accepted biomarkers. Similarly, 
the goal of developing novel targeted therapies has 
essentially not been achieved. However, as many nec-
essary steps in this direction have already been made, 
we can hopefully anticipate important advances in the 
near future. In the following discussion, we will sub-
stantiate our optimism and discuss the “ingredients” 
required for successful clinical translation of genomic 
and proteomic discovery (Fig. 25.1).
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Fig.  25.1  Flowchart outlining the necessary ingredients for 
state-of-the-art genomics and proteomics research and clinical 
translation in Hodgkin lymphoma. The figure details the required 

research infrastructure, the technologies needed to test hypoth-
eses, and the clinical requirements for biomarker discovery and 
clinical application
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25.3.1 � Enrichment Strategies  
for the Malignant HRS Cells

Research in Hodgkin lymphoma has moved beyond 
the investigation of whole lymph node biopsies and 
Hodgkin lymphoma cell lines. Many studies have 
demonstrated using laser capture microdissection [7, 
20, 32] or fluorescence-activated cell sorting (FACS) 
[33, 34] that the study of isolated HRS cells separated 
from their microenvironment is both feasible and of 
value for improved biological understanding. In par-
ticular, the technical approach of enriching for HRS 
by flow sorting has been “revitalized” and can be 
added to the inventory of methods needed to isolate 
and study the malignant cell compartment. Although 
flow sorting in general is an established method used 
to purify small cell populations, only recently have 
HRS cells been successfully enriched using a cocktail 
of unlabeled antibodies to adhesion molecules that 
block the interaction of HRS cells with rosetting 
T-cells, unmasking HRS cell antigens such as CD15 or 
CD30.

Successful application of novel genome-wide appli-
cations, however, will be dependent on sophisticated 
strategies to amplify often small amounts of nucleic 
acids derived from a small number of enriched HRS 
cells. Taking advantage of large numbers of clinical 
samples should allow clinical correlations to be real-
ized. Combining enrichment strategies with state-of 
the art genomics platforms including single nucleotide 
polymorphism (SNP) analyses, gene expression profil-
ing, and whole-genome or whole-transcriptome analy-
sis would seem to be a likely paradigm for new gene 
discovery tools in the future.

25.3.2 � Hodgkin Lymphoma Genomics  
in the Future: What Platforms?

Significant technological advances have been made in 
the recent past. At the level of the genome, the most 
striking improvements have been made by introducing 
massively parallel sequencing approaches (whole-
genome and whole-transcriptome sequencing), so-called 
next generation sequencing, that allow for genome-wide 
genotyping at base pair resolution with unprecedented 
depth of genomic coverage. This technology not only 

maximizes resolution, but also provides the sensitivity 
for detecting single nucleotide variants, genomic inser-
tions, deletions, and translocations. Similarly, at the 
transcriptome level (entirety of the transcribed genome) 
this technology will lead to the detection of novel 
gene mutations, fusion transcripts, and an improved 
understanding of RNA editing and the role of noncod-
ing RNAs. However, methods investigating copy num-
ber variations (CNVs) of tumor genomes (by SNP 
arrays) and epigenetics by genome-wide methylation 
studies (methylated DNA immunoprecipitation [MeDIP], 
genome-wide bisulfite sequencing) will be needed to 
complement this comprehensive overview of the molec-
ular genetics of HRS cells. All of these approaches are 
still largely unexplored in Hodgkin lymphoma and their 
routine application to small numbers of enriched HRS 
cells will be technically challenging. Nevertheless, we 
expect major and novel discoveries once the technical 
obstacles are solved.

25.3.3 � Data Integration

Gene expression profiling studies and array CGH have 
yielded valuable information about the specific biology 
of HRS cells and their microenvironment, but both cell 
compartments have only been examined separately thus 
far on a genome-wide scale. However, such characteriza-
tion of copy number and transcriptional changes in the 
malignant cells and in the nonmalignant cellular com-
partment should ideally be viewed and analyzed together. 
Experimental designs using matching genome-wide pro-
files of the same cases will allow for data integration and 
an in-depth look at the multiple interactions between 
neoplastic HRS cells and the microenvironment at the 
molecular level. Bioinformatics tools are already in place 
to analyze large amounts of data and to detect common 
patterns of deregulated gene expression that might reflect 
specific ligand−receptor interactions and cytokine 
expression patterns. Furthermore, the consequence of 
genomic copy number changes that might underlie 
altered gene expression changes can be explored as  
has been demonstrated in Hodgkin lymphoma cell lines 
[35]. Linkage of these findings to treatment outcome will 
be useful for biomarker discovery and will likely shed 
more light on the specific cellular interactions found in 
patients who are destined to fail primary or subsequent 
treatment.
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25.3.4 � Biobanking and Large  
Correlative Databases

Translation of genomics findings into clinically useful 
biomarkers is not possible without the availability of 
well-annotated clinical data sets and linked frozen biopsy 
samples. These large correlative databases will undoubt-
edly provide the foundation for translational genomics 
for years to come. Linkage of fresh frozen lymph node 
specimens, peripheral blood lymphocyte collections rep-
resenting constitutional or host genetics, formalin-fixed 
material, classical cytogenetic and cell culture material, 
and archived single-cell suspensions all linked with clin-
ical parameters, particularly treatment outcome data, 
will be crucial for discovery of novel biomarkers, predic-
tive factors, and revised pathological classifications. 
Ideally, collection of this material must be included in 
the design of randomized phase III clinical trials where 
important clinical questions are being addressed. Clearly 
this represents a major challenge, both in terms of logis-
tics and funding, but must be made an important objec-
tive for all clinical trial groups into the future.

A parallel strategy should also be considered using 
population-based registries, where some of the pitfalls 
associated with accrual to clinical trials, such as selec-
tion and referral bias, are avoided. The experience at 
the British Columbia Cancer Agency shows that a cen-
tralized and representative population-based collection 
of lymph node material and clinical data provides an 
ideal platform to assess biomarkers using a retrospec-
tive approach. Advantages include large numbers of 
study cases, lack of substantial selection bias, standard-
ized and homogeneous treatment of the study cohorts, 
and standardized diagnostic procedures. However, spe-
cial attention has to be paid to ethical considerations in 
the era of whole-genome sequencing as systems have 
to be in place that respect privacy rights and genomic 
analysis of diagnostic material that has been initially 
collected for different purposes. With respect to 
Hodgkin lymphoma, the merging of genomics and pro-
teomics data with established clinical risk factors and 
clinical outcome correlations of patients that have been 
homogeneously treated will undoubtedly lead to major 
improvements in outcome prediction.

Systematic and comprehensive biobanking would 
include snap-freezing lymph node material obtained at 
the time of relapse, an inventory that has not been prop-
erly collected and thus has been largely unexamined in 

the published literature. While in the past, most studies 
have focused on pretreatment diagnostic biopsies, a 
detailed investigation of relapse biopsies will likely 
answer questions related to disease progression and the 
development of therapy resistance. Moreover, genome-
wide approaches using paired pretreatment and relapse 
biopsies are ideally suited to investigate clonal evolu-
tion and tumor progression under the influence of 
therapy.

25.3.5 � Interdisciplinary Research

Genomics research in the modern era requires interac-
tion of researchers on many different levels. Fundamental 
infrastructure for sample acquisition and selection by 
hematologists, clinical oncologists, and hematopatholo-
gists are essential prerequisites; however, data generation 
in state-of-the-art equipped genome research centers and 
its proper processing and analysis is becoming increas-
ingly critical. Development and application of specific 
algorithms and models by specialized bioinformatics 
research teams are needed to handle and make inter
pretable large amounts of data generated in genome- 
wide SNP or whole-genome sequencing experiments. 
Furthermore, biological and clinical interpretation of 
genomics research as well as validation of the results 
by  interdisciplinary research groups remains equally 
critical. In summary, close interaction of clinicians, 
pathologists, scientists, basic genome researchers, and 
bioinformaticians provide the important ingredients for 
novel discoveries in translational research. Thus far, the 
fruits of interdisciplinary research in lymphoma is best 
evidenced by the revised WHO classification of tumors 
of hematopoietic and lymphoid tissues [36] in which 
much emphasis has been placed on defining entities that 
can be recognized by (1) pathologists according to mor-
phology, immunophenotype, and genetic features and 
(2) clinicians who have to ensure its utility and accep-
tance in daily practice. In the case of Hodgkin lymphoma, 
biological and clinical studies have lead to subclassifica-
tion into lymphocyte predominant Hodgkin lymphoma 
and classical Hodgkin lymphoma, histological distinc-
tions that affect treatment decisions and subsequent clini-
cal management. No genomics data generated thus far 
have lead to a change or refinement of this distinction. 
However, overlap of Hodgkin lymphoma with related 
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lymphoma entities exist, including T cell/histiocyte-rich 
large B cell lymphoma (TCRBCL) and lymphocyte 
predominant Hodgkin lymphoma, primary mediastinal 
large B cell lymphoma (PMBCL) and nodular sclerosis 
Hodgkin lymphoma, or anaplastic large cell lymphoma 
and classical Hodgkin lymphoma, where gene expres-
sion studies of microdissected cells have already yielded 
further insight into the relatedness of these diseases [20, 
37, 38]. We hypothesize that genomics and proteomics 
approaches will increasingly refine the similarities and 
differences at the molecular level and ultimately provide 
the molecular underpinnings of modified classifications 
in the future. As a consequence, new molecularly defined 
diseases will likely be recognized with the possibility of 
candidate gene discovery and new targeted therapies 
becoming routine in clinical practice.

25.4 � Will These Advances Lead  
to a Cure of Hodgkin Lymphoma?

Currently, Hodgkin lymphoma is a very treatable dis-
ease and the majority of patients are cured following 
primary therapy. However, current therapies fail to cure 
about 20% of patients and reasonable estimates sug-
gest that a similar proportion of patients are overtreated 
[39], which suggests that the clinical management of 
Hodgkin lymphoma is far from being satisfactory for 
typically young patients who suffer from relapse or 
“off-target” therapy effects. Thus, an answer to this 
provocative question is not only contingent on further 
characterization of treatment failure and its underlying 
mechanisms, but also on strategies to reduce treatment 
and the far too frequent occurrence of treatment-related 
long-term sequelae. These two clinical scenarios dic-
tate that we focus on strategies aiming at improved 
overall survival: (1) the development of prognostic bio-
markers for predicting treatment outcome and (2) the 
definition of unfavorable subtypes according to under-
lying pathobiology and the development of targeted 
therapy against these important subgroups. To realize 
both goals, the analysis of the whole-genome, tran-
scriptome, or proteome seems ideally suited as discov-
ery platforms with the potential to find candidate 
molecules and molecular pathways that are targetable 
by modern drugs or alternatively, reliably predict treat-
ment failure with the use of existing therapies.

At the present time, gene expression profiling and 
aCGH profiles have been linked to treatment outcome, 
but none of these findings has yet lead to improvements 
in our existing prognostic systems. Small case num-
bers and heterogeneity of the underlying mechanisms 
might only be two of many reasons why clinical trans-
lation has not been successful. Furthermore, to sub-
stantiate hope for a cure of Hodgkin lymphoma, one 
would need to anticipate a virtually perfect short list of 
prognostic biomarkers that in aggregate define with 
certainty treatment outcome. Despite much work, the 
existing data is somewhat disappointing in this regard. 
Nevertheless, the increased resolution of newly devel-
oped genomics applications and the feasibility of HRS 
cell enrichment might at long last improve our predic-
tive ability to an extent that the majority of patients 
whose treatments are destined to fail can be identified 
at diagnosis. Establishing favorable biomarkers and 
improving prediction of treatment success would like-
wise be of considerable benefit for patients as they 
might be spared from dose-escalation or be candidates 
for dose de-escalation to decrease early- and/or late 
therapy−related toxicities.

The published literature regarding genome-wide 
experiments, especially from gene expression profil-
ing in Hodgkin lymphoma, provides many phenotypic 
features that are potential targets for novel therapeutic 
approaches. However, development of suitable path-
way inhibitors, immunotherapeutic approaches, and 
preclinical/clinical testing of these treatments is a slow 
and laborious process. Thus, any assessment of the 
success of novel biomarker discovery and clinical 
translation will similarly take time. Moreover, with 
comparably effective standard therapy that is able to 
cure the majority of patients, changes to standard pro-
cedures are harder to justify. Therefore, the focus has 
to be shifted to the specific biology of treatment fail-
ure and the expected unique biology of clinical 
relapsed disease. Unfortunately, there is only very 
limited data available for these clinical scenarios. It 
has to be anticipated that genomics and proteomics 
will discover further heterogeneity within the generic 
group of treatment failure. Provided that effective 
treatment is available, only a subgroup of patients will 
benefit from these advances, nevertheless leading to 
improved overall survival and cure rates. Therefore, 
the hope to cure all patients with Hodgkin lymphoma 
may be unrealistic.
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25.5 � Summary

In summary, novel genomics and proteomics applica-
tions in Hodgkin lymphoma will likely substantially 
change our understanding of the disease, improve our 
current prognostic systems used to predict treatment 
outcome, and identify novel targets for drug interven-
tion. Furthermore, with the help of sophisticated bioin-
formatics tools we will learn more about the specific 
crosstalk between the malignant HRS cells and the 
non-neoplastic cells in the tumor microenvironment. 
The success of clinical translation of these experiments 
will depend on continued progress using genomic plat-
forms with increasing resolution and sensitivity, the 
technical feasibility of these applications using 
enriched malignant HRS cell, and the availability of 
clinical and treatment outcome data. The anticipated 
heterogeneity of the tumor biology linked to treatment 
failure will remain a major challenge for future 
research, but we are hopeful that the persistent efforts of 
interdisciplinary research and clinical teams dedicated 
to achieving meaningful cures and improving long-term 
survival in Hodgkin lymphoma will overcome this 
challenge.
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26.1 � Stage and Risk  
Factor−Adapted Strategies

At present, treatment of HL is stage-adapted and 
includes chemo- and radiotherapy. Patients are divided 
into early favorable, early unfavorable, and advanced 
stages. Allocation to one of these groups depends on 
clinical stage and the presence or absence of risk fac-
tors. These risk factors include the number of involved 
nodal areas, erythrocyte sedimentation rate (ESR), and 
extranodal and bulky disease. This allocation to treat-
ment groups varies only slightly between larger study 
groups such as the German Hodgkin Study Group 
(GHSG), the European Organization for Research and 
Treatment of Cancer (EORTC), and the Eastern 
Cooperative Oncology Group (ECOG). In addition, an 
International Prognostic Score (IPS) was established 
for advanced-stage HL patients in 1998 (1). This score 
includes seven factors with similar independent prog-
nostic impact: low serum albumin (less than 4 g/dL), 
low hemoglobin (less than 10.5 g/dL), male sex, age of 
45 or above, stage IV disease (according to the Ann 
Arbor classification), leukocytosis (white-cell count of 
at least 15,000/mm3), and lymphocytopenia (less than 
600/mm3 or a count of less than 8% of the white-cell 
count or both). This score is based on data from 5,141 
patients with advanced HL who received non- 
BEACOPP (bleomycin, etoposide, adriamycin, cyclo-
phosphamide, vincristine, procarbazine, prednisone) 
multiagent chemotherapy. The vast majority of these 
patients were treated between 1983 and 1992. Among 
the patients included in the analysis, those not present-
ing any risk factor had a freedom from disease pro-
gression rate of 84% while patients with five or more 
risk factors had a freedom from disease progression 
rate of only 42% [1]. Novel treatment strategies such 
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as BEACOPP escalated improved results especially in 
patients with high IPS but in general the score is still 
valid and can be used for some risk stratification.

26.2 � Response-Adapted  
Treatment Strategies

In the past decades, treatment results for all HL patients 
have improved continuously. The standard of care con-
sists of two cycles of chemotherapy plus involved-field 
radiotherapy (IF-RT) for early favorable stages and 
four cycles plus IF-RT for early unfavorable stages 
[2,3]. The most widely used chemotherapy regimen is 
ABVD (adriamycin, bleomycin, vinblastine, dacarba-
zine). By default, patients with advanced HL are 
treated with six to eight cycles of chemotherapy fol-
lowed by radiation of larger residual tumor masses. 
For years, ABVD was accepted standard of care for 
these patients but it has recently been challenged by 
novel regimens such as the multiagent Stanford V pro-
tocol or intensified BEACOPP [4–6].

With current standard approaches, 60–90% of HL 
patients can be cured. These cure rates result in a 
steadily increasing number of long-time survivors who 
often suffer from treatment-related late side effects such 
as cardiac failure, infertility, or secondary malignancies 
[7]. Therefore, the main goal of current trials is to estab-
lish treatment strategies associated with reduced toxic-
ity without being therapeutically less effective.

The most promising tool to distinguish between 
patients who are sufficiently treated with a less toxic 
therapy and those who require standard or even more 
aggressive treatment is the positron emission tomogra-
phy (PET). PET might be an even more precise predic-
tor for treatment failure than the IPS in patients 
receiving ABVD (see also Chap. 6: PET) [8]. The 
question whether it is possible to stratify treatment on 
the basis of an interim PET scan is a matter of ongoing 
clinical trials. In the EORTC H10 trial, patients with 
early HL are divided into a favorable and an unfavor-
able risk group. Standard treatment consists of three 
and four cycles of ABVD, respectively, followed by 
involved-node radiotherapy (IN-RT). In the experi-
mental arms of the study, a PET scan is performed 
after two cycles of ABVD and further treatment 
depends on the PET result. In case of PET negativity, 
patients with favorable risk profiles receive two more 

cycles of ABVD; patients with unfavorable risk pro-
files receive four additional cycles. These patients 
receive no radiotherapy. In case of PET positivity, 
treatment is continued with two cycles of BEACOPP 
escalated followed by IN-RT. The GHSG HD16 and 
HD17 trials for early favorable and early unfavorable 
disease also evaluate omitting radiotherapy in patients 
with a negative PET after standard chemotherapy. It 
would be a substantial improvement if PET could be 
shown to be a reliable predictor in deciding whether 
patients with early stages require radiation since radia-
tion is known to be associated with severe late effects 
such as secondary solid tumors.

The possibility of stratifying therapy on the basis of 
interim PET is also under investigation in patients with 
advanced HL. In the ongoing GHSG HD18 trial, all 
patients receive two cycles of escalated BEACOPP as 
standard regimen for this group, followed by PET. 
Patients with a negative PET scan are randomly assigned 
to either standard treatment consisting of a total of eight 
cycles of escalated BEACOPP or four cycles of esca-
lated BEACOPP. Patients with positive PET are ran-
domized between a total of eight cycles of escalated 
BEACOPP or eight cycles of escalated BEACOPP plus 
the anti-CD20 antibody rituximab. This aims at reduc-
ing treatment in patients with good metabolic response 
after the first two cycles of chemotherapy and intensify-
ing therapy in patients still PET-positive in affected 
localizations at that time.

In an Italian study, patients with advanced disease 
receive two cycles of ABVD before a PET scan is per-
formed (ClinicalTrials.gov Identifier: NCT00795613). 
Patients with a negative PET scan continue to receive 
ABVD, the standard regimen in this group; patients 
with positive PET switch to the more intensive 
BEACOPP regimen for the remaining treatment.

Sequential treatment stratification combining pre-
treatment IPS and early interim PET to tailor treatment 
was used by a group from Israel. First, patients were 
assigned to receive either two cycles of BEACOPP in 
baseline or escalated dose depending on their IPS. 
Patients with an IPS ranging from zero to two received 
the baseline dose while patients with an IPS of three or 
higher received the escalated dose. Then a gallium or 
PET scan was performed. Patients with positive interim 
scan completed treatment with four cycles of escalated 
BEACOPP and patients with negative scan received four 
cycles of BEACOPP in baseline dose. This trial suggests 
that gallium or PET scan-based treatment stratification 
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after IPS-dependent choice of initial chemotherapy 
results in comparable event-free survival (EFS) and 
overall survival (OS) rates in both IPS groups [9].

The current questions regarding PET-based treat-
ment stratification including possible differences in the 
impact of early interim PET with different chemother-
apy regimens, the optimal timing, and the definition of 
adequate therapeutic consequences of a positive or neg-
ative PET will probably be answered in a few years. 
Then, an early interim PET scan might become the 
standard tool to discriminate between low-, normal-, 
and high-risk patients. This would be another step 
toward individually tailoring treatment according to the 
patient’s risk profile.

26.3 � Strategies to Personalize 
Treatment

To individualize treatment is one of the current major 
goals in the field of hemato-oncology. In some malig-
nancies, treatment stratification on the basis of certain 
mutations or the existence of minimal residual disease 
(MRD) has already been implemented in clinical trials. 
Non-small-cell lung cancer (NSCLC) and acute lym-
phoblastic leukemia (ALL) can serve as examples for 
risk and treatment stratification according to results of 
genetic analyses and will be shortly introduced here.

For NSCLC, a large randomized phase III trial 
showed that patients with a mutated epidermal growth 
factor receptor (EGFR) gene have an improved out-
come when treated with the EGFR kinase inhibitor 
gefitinib (IRESSA). In contrast, patients without muta-
tion in the EGFR gene did not benefit from gefitinib 
and had a better outcome when treated with conven-
tional chemotherapy [10].

In ALL, treatment has improved considerably over 
the last decades, which was in part due to the increased 
precision of risk stratification. Besides classical risk 
factors such as age, white blood cell count, and immu-
nophenotype, MRD was added as a novel relevant 
prognostic factor. In the GMALL 07/2003 trial, treat-
ment after consolidation therapy is stratified based on 
the MRD risk profile. Treatment options include the 
end of treatment for low-risk patients and allogeneic 
stem cell transplantation (aSCT) for high-risk patients. 
In addition, the advent of the tyrosine kinase inhibitor 
imatinib led to a substantial improvement of prognosis 

in very high-risk ALL patients who are Philadelphia 
chromosome-positive. By combining imatinib with 
conventional chemotherapy, the complete remission 
rate prior to aSCT could be significantly improved. 
Furthermore, consolidation treatment with imatinib or 
follow-up products might reduce the risk of relapse 
after aSCT [11].

26.3.1 � Approaches to Personalize 
Treatment in HL

In HL, no genetic markers with the potential for treat-
ment stratification are known to date. However, besides 
clinical stage and clinical risk factors, there are several 
factors that might possibly be implemented in future 
risk and treatment stratification. A universally valid 
biological score including serum markers might be 
helpful. To this end, a comprehensive analysis of 519 
HL patients was conducted by Casasnovas and col-
leagues from the Groupe d’Etude des Lymphomes de 
l’Adulte (GELA). They identified interleukin-1 recep-
tor antagonist (IL-1-RA), interleukin-6 (IL-6), and 
soluble CD30 (sCD30) as independent negative prog-
nostic factors. Existence of negative prognostic factors 
was correlated with patients’ outcome. Patients without 
any risk factor had a 5-year OS rate of 92% while 
patients with one, two, or three risk factors had 5-year 
OS rates of 85%, 75%, and 15%, respectively [12]. 
Another French group retrospectively analyzed tissue 
samples of 59 patients with either refractory or early 
relapse of disease. They showed that expression of 
bcl-2 and CD20 on Hodgkin and Reed-Sternberg 
(H-RS) cells as well as TiA1 expression in lympho-
cytes and c-kit positivity in mast cells of the microenvi-
ronment were independent prognostic markers [13]. 
Other reports revealed interleukin-10 and other serum 
cytokines to be predictors for a poor outcome. In a pro-
teomics analysis, proteins secreted by different HL cell 
lines were evaluated and 16 of them were eventually 
validated. Seven of these 16 proteins were found to be 
significantly elevated in the serum of HL patients. They 
include CD26, CD44, MIF, and TARC [14]. Despite 
these results, there are currently no prognostic scores 
incorporating biomarkers used to stratify treatment. 
However, there is a plethora of cytokines and surface 
molecules with prognostic significance but none of 
them has been validated in prospective trials to date.
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Several receptor tyrosine kinases (RTK) are over-
expressed in H-RS cells (Fig.  26.1) and probably 
being activated by paracrine and autocrine mecha-
nisms. Since RTK play a role in the regulation of 
many metabolic cellular processes, their dysregula-
tion or aberrant activation can have extensive conse-
quences for the cell homeostasis and promote tumor 
growth. Therefore, there is a rationale for the use of 
tyrosine kinase inhibitors in HL. However, usually 
several overexpressed RTK are active so that either a 
combination of different tyrosine kinase inhibitors 
each selectively targeting one RTK or broad spectrum 
tyrosine kinase inhibitors would be necessary. Both 
possibilities are rather unrealistic since it does not 
seem practicable to apply various tyrosine kinase 
inhibitors in a given patient on one hand but on the 
other, the use of broad spectrum inhibitors would 
probably also affect physiological processes and, 
therefore, potentially cause severe side effects.

Genotyping of primary H-RS cells is complicated 
due to their paucity in affected lymph nodes. Single 
cell picking would be necessary but is technically dif-
ficult. Thus, there is only limited knowledge on genetic 

alterations in H-RS cells that are predictive for a cer-
tain outcome and appropriate as possible stratification 
tool for treatment planning.

Besides the identification of mutations in H-RS 
cells predicting the course of disease and allowing for 
the allocation of patients to certain risk groups, it 
would be of interest to identify patients who are at 
increased risk of developing unacceptable toxicities, 
for example, to heart or lung. Furthermore, a tool pre-
dicting the risk of developing secondary malignancies, 
secondary acute myeloid leukemia (AML) in particu-
lar, is desirable since most patients diagnosed with 
secondary AML die [15]. A possible way of identify-
ing those patients could be the detection of specific 
predictive single nucleotide polymorphisms (SNP). 
However, search for SNP predicting outcome, toxicity, 
or secondary malignancy risk has only recently begun 
and there is currently limited knowledge on this topic.

Despite the fact that establishment of novel markers 
is not as advanced as in other malignancies, there is 
preclinical and clinical research activity in HL aimed 
at more specific treatment. In recent years, a multitude 
of new drugs specifically targeting molecules or sig-
naling pathways that are dysregulated or misdirected 
in HL have been developed and already brought to 
early phase clinical trials.

CD30 is a surface molecule selectively overex-
pressed on H-RS cells and, therefore, well suited for 
antibody-based targeted treatment. However, results of 
clinical trials with naked anti-CD30 antibodies so far 
have been disappointing. Recently, first results from a 
trial with an antibody-drug conjugate consisting of an 
anti-CD30 antibody and monomethyl-auristatin (SGN-
35, brentuximab vedotin) were reported. In patients 
who had received a median of three prior treatments, 
response rate was 46%. Treatment was generally well 
tolerated and severe side effects were less common 
than with conventional chemotherapy [16]. Therefore, 
further investigation of this substance is ongoing.

Small molecules represent another class of drugs 
that showed promising activity in preclinical studies 
and are currently under evaluation in HL patients. The 
pan deacetylase (DAC) inhibitor LBH589 (panobinos-
tat) is one example [17]. Besides its effect as a DAC 
inhibitor, other modes of action such as inhibition of 
nuclear factor kappa-b (Nf-kappa-B) might play a role 
in HL. Vorinostat, another DAC inhibitor, was shown to 
decrease the phosphorylation of STAT6. In HL, an 

Fig. 26.1  Immunohistochemical detection of proteins phospho-
rylated by kinase activity in H-RS cells. (Adapted from [20])
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increased JAK-mediated phosphorylation activates sev-
eral STAT factors including STAT6 and thus promotes 
tumor cell survival [18]. Inhibition of STAT activity 
might therefore have an antitumor effect. Hence, DAC 
inhibitors target diverse signaling pathways that are 
misdirected in H-RS cells and represent a drug class 
that will potentially be of value for future treatment 
strategies.

Since most of the recently developed drugs show a 
more favorable side effect profile than conventional 
chemotherapy, they might be combined with estab-
lished protocols, used as maintenance therapy for high-
risk patients, and thus, in part, replace components of 
traditional treatment protocols in the future. However, 
well-conducted clinical trials are required before draw-
ing final conclusions (Table 26.1) (see also Chap. 20).

In addition to more sophisticated risk stratification, 
there is also room to individualize treatment on the 
basis of conventional patient characteristics such as 
age and histology. For instance, it is still unclear how 
adolescent and elderly patients should ideally be 
treated. Adolescents represent a relevant portion of 
patients and are currently inconsistently treated with 
either pediatric or adult protocols but a direct compari-
son of both approaches in this ambiguously defined 
age group has never been undertaken. Even subgroup 
analyses on adolescents in publications reporting pedi-
atric or adult trials can rarely be found and would be 
needed to better define this group of patients.

Elderly patients aged 60 and above have a signifi-
cantly poorer outcome than younger adults. This is in 
part due to comorbidities that avoid treatment 
according to standard protocols. Therefore, novel and 
less toxic regimens possibly containing new sub-
stances such as antibodies or small molecules with an 
improved side effect profile might be helpful in these 
patients [19].

Treatment of the rare subtype of nodular lympho-
cyte predominant HL (LPHL), which accounts for 
about 5% of HL patients, represents another field 
requiring further analyses and clinical trials. Although 
immunophenotype and genotype of LPHL substan-
tially differ from classical HL (cHL), it is traditionally 
treated according to cHL protocols. Consistent and 
strong expression of CD20 and a more indolent course 
of disease could be indicators that treatment strategies 
with reduced chemotherapy supplemented by ritux-
imab might be sufficient in LPHL.

In summary, future research on HL will ideally lead 
to a more accurate risk and treatment stratification than 
available today. Patients might be treated on the basis 
of a scoring system including classical staging and risk 
factors as well as biological and response-adapted  
elements. This will allow a therapy more precisely 
adjusted to the individual patient with reduced treat-
ment for low-risk and intensified treatment, potentially 
followed by antibody or small molecule maintenance 
for high-risk patients.

Agent Supplier Target pathway Clinical trial

SGN-35 Seattle Genetics Anti-CD30 antibody–drug 
conjugate

NCT00848926

MDX-1401 Medarex Anti-CD30 antibody NCT00634452

XmAb2513 Xencor Anti-CD30 antibody NCT00606645

HCD122 Novartis Anti-CD40 antibody NCT00670592

Lenalidomide Celgene Immunomodulatory drug NCT00478959

Panobinostat Novartis HDAC inhibitor NCT00742027

Entinostat Syndax HDAC inhibitor NCT00866333

Temsirolimus Wyeth mTOR inhibitor NCT00838955

ABVD + Bevacizumab Roche Anti-VEGF antibody NCT00722865

ABVD + Rituximab Roche Anti-CD20 antibody NCT00654732

Table  26.1  Currently ongoing or recently completed phase I and II clinical trials with agents targeting specific pathways or 
antigens
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A
Abdomen (paraaortic nodes), 127, 128
ABVD. See Adriamycin, bleomycin, vinblastine, dacarbazine
ABVE-PC. See Adriamycin, bleomycin, vincristine, etoposide, 

prednisone, and cyclophosphamide
Adolescent HL, 211–212
Adriamycin, bleomycin, vinblastine, dacarbazine (ABVD)

alternating therapy, 146–147
vs. alternative chemotherapy regimens, 185
and BEACOPP, 266
and derivatives, 144, 146
escalating, 199–200
FDG-PET, 83
MOPP, 191–193

Adriamycin, bleomycin, vincristine, etoposide, prednisone,  
and cyclophosphamide (ABVE-PC), 218

Adult HL, 211–212
Alcohol consumption, 13
Allogeneic stem cell transplantation

PHL, 220–221
for relapsed HL

in autograft failures, 277–278
conditioning regimens, 275
donor leukocyte infusions, 277
donor transplants, 279
vs. graft, evidence for, 277
long-term outcome for, prognostic factors of,  

275–277
myeloablative, history of, 273–274
non-relapse mortality (NRM), 275
pediatric population, 278–279
progression-free survival (PFS) and overall survival 

(OS), 276
reduced intensity regimens, 274–275
relapsed and refractory HL, 207

Amenorrhea, chemotherapy regimen, 348
Anellovirus, 26
Ann Arbor staging, Cotswolds modifications, 69
Anthracycline-associated cardiotoxicity, 333, 336
Antiapoptotic mechanisms, 43
Antigen presentation, 56–57
Anti-Müllerian hormone levels, ovarian reserve, 349
Array comparative genomic hybridization (aCGH), 358
Arteries, radiation damage, 338–339
Aspirin, 12

Autograft failures, allogeneic SCT, 277–278
Autoimmune conditions, 11
Autologous LMP2-specific CTL, for relapsed  

EBV, 290
Autologous stem cell transplantation (ASCT), 86, 150, 

205–206, 220
Axillary region, involved fields RT, 127

B
BamHI A rightward transcripts (BART), 23
B cells

LMP function, 23
phenotype, 41–42

BEACOPP. See Bleomycin, etoposide, adriamycin,  
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