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INTRODUCTION

In recent years the field of cancer treatment has been burgeoning with ever
expanding interest and commitments to research and therapy. Besides the large
number of specialty journals and publications devoted to cancer related fields,
nearly every general medical journal contains one or more articles related to
cancer treatment and research. Another example of this expanding commitment
and interest is reflected in the Internal Medicine subspecialty of Medical
Oncology which, since its recognition as a subspecialty in 1973, has become the
secondmost populated subspecialty, second only to cardiology. This burgeoning
interest and commitment is obviously appropriate in view of the prevalence and
incidence of the various cancers. These diseases constitute, after all, some of
the most important and devastating problems of civilized man.

It has been particularly gratifying to those involved with cancer research
and therapy to observe the increasing interest in these diseases being translated
into real improvements in patient care - improvements in length of survival,
improvements in quality of survival, and improvements in palliative care. One
need only look at Hodgkin's disease to observe the high rate of cure now routinely
obtained whereas, in the past, many patients' disease continued to progress with
fatal consequences. Some of these improvements came about through better
staging techniques, and other improvements, as will be discussed in the chapter
on Hodgkin's, came about from the application of early chemotherapy. Further
research in Hodgkin's disease is still going on in order to improve results and
decrease treatment related complications.

Another example of the improvements derived in recent years from ongoing
treatment research studies has been the realization of improved survival from
the application of early or "adjuvant" treatment of micrometastases. Based on
solid evidence in the animal tumor systems, the early multimodal treatment of
bulk and micrometastatic disease has led to marked improvements in survival of
patients with Wilms' tumor, pediatric rhabdomyosarcoma, and osteosarcoma as
well as breast cancer. With the principle and the concepts of early treatment of
micrometastases firmly established, new studies are being rapidly carried
forward on a variety of diseases such as gastric cancer in which active therapy of
advanced disease has been identified. In other tumors, such as pancreatic
cancer, active drugs and combinations are being sought in the advanced stage of
the disease with the aim of eventually applying such active drugs or treatment
modalities earlier in the course of the disease.

Parallel to such advances in therapy, a large effort at earlier diagnosis is

being made in order to institute therapy of cancer at its earliest and most
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potentially curable state. Such diagnostic efforts would also lead to methods
which could help evaluate, measure and follow difficult tumors. Thus newer
methods or new applications of established methods (such as those discussed in
the chapters on mammography) allow for the identification of early cancers.
Other techniques such as CAT scans could allow for the identification,
measurement and sequential follow-up of difficult tumors such as pancreatic
carcinoma, in which measurable disease has been a stumbling block in the past
for evaluating potentially active agents or treatments.

This volume, derived in part from a past continuing education symposium
held by the Baltimore Cancer Research Program, has brought together a group of
medical investigators involved in cancer research to review their respective
areas from the standpoint of actual and anticipated advances in cancer
treatment. The spectrum of the material thus ranges from basic medical and
scientific information necessary for staging and therapy (as discussed in the
chapters on non-Hodgkin's lymphomas) to the anticipated changes within the next
decade. The chapters on head and neck cancers deal with treatment for this
group of cancers for which newer agents and treatment approaches, such as
combined modality therapy or pre-operative application of chemotherapy, will
hopefully lead to marked improvements. The discussion of abdominal CAT scans
naturally leads into discussion of intra-abdominal cancers of the stomach,
pancreas and bladder. The discussions of mammography for the early detection
of breast cancer lead into the chapters dealing with newer approaches for the
primary management of breast cancer with either radiotherapy or lesser surgical
procedures. The chapters on the early therapy of micrometastases review the
striking success seen in the pediatric tumors as well as the principles involved in
the design and management of "adjuvant" treatment programs. Other discussions
include cell kinetics and their use in predicting optimal application of therapy,
and a discussion of unconventional treatments in cancer. With these reviews of a
wide spectrum of cancer diagnosis and treatment, we hope to present a very

large body of information in a relatively compact and easily digested format.

Joseph Aisner

Paul Chang
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INTRODUCTION
Malignant lymphomas have been traditionally classified morphologically. The
classification published by Rappaport in 1966 (1), with minor modifications (2,3),

has been the one most widely employed for clinicopathologic studies (table 1).

Table 1
CLASSIFICATION OF NON-HODGKIN'S LYMPHOMAS (1-3)

Nodular

Lymphocytic, poorly differentiated
Mixed lymphocytic-histiocytic
Histiocytic

Diffuse

Lymphocytic, well differentiated
Lymphocytic, intermediate differentiation
Lymphocytic, poorly differentiated

Mixed lymphocytic-histiocytic

Histiocytic

Undifferentiated (Burkitt's type)
Undifferentiated, pleomorphic (non-Burkitt's)

Lymphoblastic

However, with the recognition of malignant lymphomas as neoplastic disorders of
the immune system, a new functional approach has been undertaken for the
classification and understanding of these tumors. Immunological knowledge and
techniques have been brought to bear on clinical and pathological problems. For

example, the concepts of homing and "traffic" of normal lymphocytes help to

1
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explain the patterns of spread of these tumors. Likewise, the immunological
deficits manifested by these patients relate to which component of the immune
system is affected by neoplasia. One major area of investigation which typifies
this approach has been the study of the neoplastic cells themselves, both for the

presence of cell surface markers as well as in functional assays (table 2).

Table 2
TECHNIQUES USED IN THE INVESTIGATION
OF LYMPHORETICULAR MALIGNANCIES

1. Membrane bound immunoglobulins - Slg
individual light and heavy chains
in vitro synthesis
2. Intracytoplasmic immunoglobulin
immunofluorescence
immunoperoxidase
Complement receptors - EAC rosettes
. Receptors for cytophilic antibody - IgGEA rosettes
Spontaneous SRBC binding - E rosettes

In vitro phagocytosis

N N W
P .

. Cytochemical markers
"non-specific" esterases
acid phosphatase
beta-glucuronidase
alkaline phosphatase
8. Terminal deoxynucleotidyl transferase (TdT)

9. In vitro culture of neoplastic cells

By analogy with normal cells, many of the tumors have been classified according
to their presumptive cells of origin: T lymphocyte, B lymphocyte, or monocyte-
macrophage (table 3).



Table 3
SUMMARY OF CELL SURFACE MARKERS IN
LYMPHORETICULAR MALIGNANCIES

Well-differentiated lymphocytic malignancies B lymphocytic
Chronic lymphocytic leukemia
Well-differentiated lymphocytic lymphoma

Waldenstrom's macroglobulinemia

Lymphocytic lymphoma, intermediate B lymphocyitc
Nodular (Follicular) lymphoma B lymphocytic
Burkitt's lymphoma B lymphocytic
Mycosis fungoides T lymphocytic

Sezary syndrome

Lymphoblastic lymphoma T lymphocytic
Acute lymphoblastic leukemia (25%)

Histiocytic lymphomas Heterogenous

Malignant histiocytosis Histiocytic

LYMPHOMAS ORIGINATING FROM B LYMPHOCYTES

Most non-Hodgkin's lymphomas in adults appear to be of B lymphocytic origin.
However, different B-cell populations display subtle variations in their surface
markers and have thus permitted the assignment of some lymphomas to
particular subpopulations. The cells of the lymphoid follicle are characterized by
akundant surface immunoglobulin (SIg) and avid complement receptors, but as a B
cell differentiates towards a plasma cell there is a loss of both of these surface
membrane markers. Of course, intermediate stages also are present in which Slg
is reduced in density and complement receptors are sparse.

Nodular lymphomas are cytologically and immunologically tumors com-
posed of follicular B lymphocytes (4-6). These tumors are a major category of
non-Hodgkin's lymphomas in adults, representing approximately 50% of all cases.
Clinically these tumors are most often generalized at diagnosis, presenting as
stage III or IV disease. Peripheral lymph node groups are frequently involved as

are mesenteric nodes, bone marrow and liver (7). However, in spite of its
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widespread dissemination, this disease may be compatible with relatively long
survival, even without aggressive therapy (8). This favorable prognosis appears
to be particularly true of the nodular lymphomas of poorly differentiated
lymphocytic type, in which the tendency of these tumors to disseminate seems
related to the capacity of the neoplastic lymphoid cells to migrate or home like
normal lymphoid cells (9). The large cells or "histiocytes" within these tumors
represent the proliferative component and, when such cells are present in
increased numbers, as in nodular lymphomas of mixed or histiocytic type, the
disease is associated with a more aggressive clinical course (10), especially if one
does not achieve a complete remission.

Cytologically nodular lymphomas reflect the composition of a normal
germinal center (11-12). Immunologically, these tumors also have the character-
istics of follicular B lymphocytes. We have previously published on the surface
membrane markers of nodular lymphomas and have shown avid complement
receptors on the neoplastic cells, also a feature of normal follicular B
lymphocytes (4). Other authors have found easily detectable Slg, usually of the
IgM class with or without IgD (5,6). Our studies have now been expanded to
include a total of 49 specimens from 36 patients and earlier observations have
been confirmed (table #4). Strong binding of erythrocyte-antibody complement
rosettes (EAC), both in suspensions and on frozen sections, was seen in 48 of the
49. Thirty-two studied for Slg had bright staining of the neoplastic cells in all
but one. Fifteen were evaluated for individual light and heavy chains, i.e., k and
A, as well as IgM, IgG and IgA. In all instances the SIg was monoclonal with only
a single light chain. IgM was the heavy chain in 13 of the 15. Only kappa light
chains were found in two, but these were not studied for IgD. Two of five
specimens studied for IgD were positive and in one of these both IgD and IgM
were identified with only kappa light chains. The coexistence of surface bound
IgD and IgM has been reported in other B lymphocytic tumors, most commonly in
chronic lymphocytic leukemia, and does not contradict the monoclonality of
these neoplasms (13). When an anti-idiotypic antibody was prepared, the IgD and
IgM were shown to be of the same idiotype and even to share the same antibody

specificity.



Table &
NODULAR (FOLLICULAR) LYMPHOMAS
Summary of Surface Markers

49 Specimens from 36 Individuals

EAC 48/49 Strong Rosettes
Slg 31/32 Bright Staining
Monoclonal 15/15
IgM (with either K or}) 13/15
IgD (with and without IgM) 2/5
E 38% (M) No demonstration on neoplastic
cells

Abbreviations: EAC, erythrocyte-antibody complement
rosettes; Slg, surface immunoglobulin; E, rosette forma-
tion with unsensitized sheep erythrocytes; M, mean.

LOCALIZATION OF T CELLS IN NODULAR LYMPHOMAS

The percentages of T cells (E rosette forming cells) in lymph nodes involved by
nodular lymphoma are somewhat variable but often higher than initially
expected. In our series lymph nodes from untreated patients contained a mean of
41 + 13% E rosette forming cells (ERFC) (table 5). The mean percentage of
ERFC in recurrences after therapy was somewhat lower (34 + 19%). At present
there is no evidence to indicate that these T cells are part of the neoplastic
process, since cytologically they are invariably normal. From earlier studies we
had speculated that the T cells were probably located in the internodular stroma,
since these areas were populated by predominantly normal appearing lympho-
cytes. Furthermore, with progressive replacement of the nodal parenchyma by
tumor, the percentage of ERFC was reduced (4). However, the lack of a method

for identifying T cells in sections precluded their precise localization.



Table 5
FREQUENCY AND DISTRIBUTION OF LYMPHOCYTES
IN NODULAR LYMPHOMAS

Before Therapy After Therapy
% E Lymph nodes (11) Lymph nodes (12)
M 41+13 M 34+19
Spleens (3) Spleens (4)
M 4249 M 27+12
E in
Frozen Sections Lymph Nodes Lymph nodes
8/11 nodular or 7/12 nodular or
perinodular perinodular
3/11 internodular 5/12 internodular
Spleens Spleens
3/3 perifollicular 3/4 perifollicular

We have subsequently applied to nodular lymphomas the method of Tonder
et al. for the identification of ERFC in frozen tissue sections (14). The method
was performed according to Tonder with slight modification. Sheep red blood
cells (SRBC) were pretreated with neuraminadase (EN) as previously described
(15). The frozen sections were incubated for 18 hours at 4°C with a solution of
0.5% EN in 20% heat-inactivated fetal calf serum previously absorbed with
SRBC. After incubation the sections were inverted for 30 min. at 4°C and read
without fixation. The sections were examined in parallel with serial frozen
sections stained with hematoxylin and eosin. Twenty-three lymph nodes involved
by nodular lymphoma of either poorly differentiated lymphocytic type (NPDL) or
mixed cell type were studied. Eleven nodes were obtained prior to any therapy
whereas 12 lymph nodes represented post-therapy recurrences. Seven spleens
involved by NPDL were studied, three before therapy and four after therapy.
Control tissues included normal or reactive lymph nodes and spleens, normal
thymus, and lymph nodes involved by chronic lymphocytic leukemia of B cell type

containing negligible T cells.
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The tissues studied by the frozen section technique were also studied in
suspension and the percent T cells determined. The mean percent ERFC was
41 + 13 in nodes obtained prior to therapy and 34 + 19 in the recurrences (table
5). In the spleens the mean percent ERFC was 42 + 9 before therapy and 27 + 12
after treatment.

In lymph nodes involved by nodular lymphoma the strongest reactions with
EN were not internodular, as had been anticipated, but within the nodules,
particularly at the periphery of the nodules. These perinodular reactions were
very striking in the majority of cases. They assumed the configuration of the
nodules with a weaker reaction in the central portions. This same localization
was present in lymph nodes obtained either before or after therapy. Of eleven
lymph nodes obtained prior to therapy, eight showed a nodular or perinodular
reaction that was greater than or equal to the internodular reaction. Only three
cases showed a negative nodular reaction with the predominant EN adherence
being internodular. The nodular or perinodular reactions were generally less
striking in the recurrences but still were evident in seven of twelve cases. In
five cases the predominant reactions were internodular and the nodules

themselves were negative.

Spleen
The findings were somewhat different in spleens involved by nodular lymphoma.

Those areas of the malphighian follicles histologically replaced by neoplastic
cells showed only weakly positive reaction. The strongest reactions were at the
periphery of the white pulp, an area thought to be normally populated by T cells
(16). However, the peripheral T cell reactions in spleens involved by nodular
lymphoma were much greater than those in any of the normal spleens studied.
These reactions did seem to correlate histologically with a prominent zone of
normal lymphocytes and immunoblasts. Only one case failed to show this
peripheral white pulp reaction and this case also lacked the hyperplastic features
described above.

The strong binding of Ey to the nodules of nodular lymphoma was
unexpected and we wanted to confirm that the adherence was due to the
interaction of SRBC and T lymphocytes. Control studies appeared to support this
conclusion. Very strong reactions were observed between thymocytes in sections
and EN‘ In contrast, tissues involved by CLL containing few ERFC in suspension
showed essentially no binding to frozen sections, with only rare isolated rosettes.

Additional controls were performed on tissues involved by nodular lymphoma.
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The reaction was shown to be inhibited by trypsinization of the SRBC, a
procedure known to inhibit the E rosette phenomenon (15). It was speculated
that perhaps the Slg associated with the nodular lymphoma cells was mediating
the E binding via antibody activity, but pretreatment of frozen sections with
anti-human immunoglobulin did not inhibit the reaction. Furthermore, a strong
reaction was also observed in the one case that was Slg-negative. Similar
incubations were performed using human and rabbit red cells, since both human
and Rhesus monkey but not rabbit red cells have been reported to interact with
human T lymphocytes in a manner similar to SRBC (17-20). With human red cells
a weak but similar reaction to that observed with SRBC was observed. However,
the rabbit red cells did not demonstrate specific patterns of localization.

All of the above evidence indicates the presence of T lymphocytes within
the nodules of nodular lymphoma. The significance of this finding is not as yet
understood. These cells may well be reactive and not part of the neoplastic
clone. On cytocentrifuge preparations, as mentioned above, these ERFC always
appear cytologically normal. Furthermore, in patients with prior nodular
lymphoma recurring as diffuse histiocytic lymphoma, the percentage of ERFC is
almost invariably low as will be seen in table 8 below. Finally, even in those
patients wth recurrent nodular disease, the percent ERFC appears slightly
reduced. The T cells within the tumors could be part of the host defense since T

cell infiltrates have been described in a variety of malignant tumors (21).

Internodular Areas

It is still puzzling that EN bound relatively poorly to the internodular areas.
Histologically these areas are populated by normal-appearing lymphocytes,
presumably T cells since they fail to bind EAC. Activated T lymphocytes have
been reported to bind E more readily than T cells not stimulated or not actively
participating in an immune response (22). This ready binding has been used as the
basis for the active-E rosette test (22). It is conceivable that those cells in the
internodular areas are an inactive, residual population, which bind E'N poorly.
The T cells within the nodules might be immunologically stimulated and thus bind
EN more strongly in the frozen section assay. These tissues were not assayed in
suspension for the active-E population. Our studies are preliminary and further
work is necessary ‘to determine whether or not there is a correlation between T

cell infiltration and other morphologic and/or clinical parameters.



WELL DIFFERENTIATED LYMPHOMAS

The immunologic features of nodular lymphoma cells summarized above can be
contrasted with those of the cells of well differentiated lymphoid malignancies.
The latter have either a qualitative or quantitative deficiency in complement
receptors and poorly express Slg (23). These differences have been related to
different B-cell subpopulations in that they support a relationship of the well-
differentiated lymphocytic malignancies to the secretory B-cell system (9). In
chronic lymphocytic leukemia (CLL) a block in the maturation of B cells into
plasma cells seems to occur; clinically these patients may have hypogamma-
globulinemia and humoral immune deficiency (24). Is this block in differentiation
due to an intrinsic defect in the neoplastic B cells? Some recent evidence
indicates that this may not be the case. Fu et al. have recently reported on the
defective helper T-cell function of the residual T cells in CLL (25). These T cells
in an in vitro assay system fail to subserve a helper function for both neoplastic
B cells as well as normal tonsillar B lymphocytes. However, when the neoplastic
B cells were co-cultured with normal T cells, they could be induced to
differentiate into plasma cells and secrete immunoglobulin. Of course, it is not
known if this T cell defect is primary or secondary, and there is no evidence to
suggest that the T cells are part of the neoplastic process.

In the context of well differentiated lymphoid malignancies, Waldenstrom's
macroglobulinemia represents one step further in the maturation of a medullary
cord B cell into a plasma cell. In this disease the cells have both cytoplasmic and
surface Ig and of course secretion of IgM occurs with the production of a
monoclonal spike. Notably, in this disease, a defect in helper T-cell function was
not present (25).

INTERMEDIATE DIFFERENTIATION
Histologic Features

Malignant lymphomas of lymphocytic type of intermediate differentiation (LI)
have pathologic features intermediate between those of nodular lymphoma and
well differentiated lymphocytic lymphoma (WDL) (2). These tumors usually are
diffuse but may have a vaguely nodular pattern. Cytologically there is a
population of cells with sparse cytoplasm and nuclei that exhibit a mature
clumped chromatin pattern but a range in shape from round to slightly clefted
and irregular. Immunologically these tumors also appear intermediate. Table 6
summarizes the data of six cases. All were of B-lymphocytic type. The cells had

monoclonal SIg, usually with an IgM heavy chain. Two such cases also had a
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minority of cells with IgD. One case had surface IgG. The fluorescent staining
was easily seen and of intermediate intensity when compared with NPDL and
WDL. The cells also had complement receptors and bound EAC relatively well,
both in suspension and on frozen tissue sections. The number of ERFC was in
general low, lower than in nodular lymphomas, and was in keeping with the
diffuse replacement seen histologically. One case (277) was atypical in that the
tissues were only focally involved by the neoplastic process. Both lymph nodes
and spleen showed extensive non-caseating granulomatous inflammation. This
admixed reactive process probably accounts for the high percentage ERFC
identified in suspensions (table 6). The details of this case are reported
elsewhere (26).

Table 6
LYMPHOCYTIC LYMPHOMAS OF INTERMEDIATE DIFFERENTIATION

Case No. Tissue E'  EAC IgGEA Slg Clon. EAC-FS ALP

329 LN 16 30 6 80 MDK et +
325 LN 21 64 7 50 Gk +++ -
311 LN 6 76 16 55 MDk ++ -
275 LN 25 50 7 61 M +++ -
228 LN 17 85 17 85 Mk+ ++ +

LN 19 86 36 90 MDk ++ +
277 LN 76 18 2 15 Mk +4++ +

SPL 63 23 16 34 Mk o+ +

*
results are expressed as % positive cells.
*not studied for IgD.

Abbreviations: LN, lymph node; SPL, spleen; Clon., clonality; EAC-FS, rosette
formation on frozen tissue sections; IgGEA, rosette formation with IgG coated
erythrocytes; ALP, alkaline phosphatase activity.

Histochemical Features

The LI tumors were also studied histochemically for the enzymes mentioned
above. In three of six cases the cells had surface alkaline phosphatase (ALP)
activity (27) (table 6). This enzyme has also been identified in a small

percentage of nodular lymphomas (27), but is rare in lymphomas of other
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histologic subtypes. In normal lymph nodes ALP is found on the membranes of
follicular cuff lymphocytes, but not on lymphoid cells in other areas. LI tumors
thus appear histologically, immunologically and histochemically to be truly
intermediate between nodular (follicular) lymphomas and WDL. The cells of
nodular lymphomas are neoplastic counter-parts of follicular B lymphocytes
whereas WDL cells are more closely related to medullary cord B cells.
Lymphomas of LI type may derive from B cells of the lymphoid cuff at the
margin of follicles and thus manifest features at the interface between nodular
lymphomas and WDL.

BURKITT'S LYMPHOMAS

Burkitt's lymphomas represent yet another category of B-cell tumors. Although
there are clinical differences between Burkitt's lymphomas in endemic regions of
east Africa and those in non-endemic areas around the world, histologically these
tumors are indistinguishable (28). Immunologically they are also identical. They
are characterized by abundant monoclonal SlIg, usually of the IgM class, but
complement receptors are identified in only a fraction of the cases, and when
present, usually are found on less than 10 percent of the malignant cells (29, 30).
However, the selective involvement of germinal centers in partially involved
lymph nodes has suggested at least a morphologic link to germinal center B cells.
Lukes and Collins cytologically relate the cells of Burkitt's lymphoma to the
small non-cleaved cell of the germinal center (11).

LYMPHOMAS OF T-CELL ORIGIN
T-cell tumors are less common than B-cell lymphomas especially in the adult age
group. Furthermore, the ability to identify subpopulations of T cells also is
limited. Mycosis fungoides and Sezary's syndrome represent one category of T-
cell malignancy (31,31), and functional studies have shown that Sezary cells may
in some cases act as helper T cells (33).

Lymphoblastic Lymphomas

Lymphoblastic lymphomas are a relatively recently recognized pathologic entity
(3). These tumors occur most often in adolescents and young adults, but can
occur at any age. Males are much more frequently affected than females. The
frequent association of this tumor with an anterior mediastinal mass at
presentation had suggested a relationship to the thymus gland. Indeed, T-cell

markers have been identified in a majority of cases and the cells in particular
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have the surface, cytochemical and biochemical features of immature thymo-
cytes (34-37). The high risk of leukemic progression further relates these tumors
to a subset of acute lymphoblastic leukemia (ALL), i.e., the 25% of cases of ALL
with T-cell markers (38-39).

Table 7 summarizes the immunologic, cytochemical and biochemical
features of twelve cases of lymphoblastic lymphoma. Nine of 12 (75%) were
males and all but one were 30 or less years of age. Ten of 12 (83%) had anterior
mediastinal masses at presentation. In only 6 of 12 cases (50%) did the
neoplastic cells have T-cell markers as defined by E rosette formation. It is
possible that had these cases been studied for T-cell associated heteroantigens,
an additional subset would have been recognized as T-cell in nature. In 5 of 12
cases (42%) complement receptors were identified and in three of these five,
complement receptors and sheep erythrocyte receptors coexisted. In no case
were other B-cell markers identified. In 4 of 12 cases (33%) no markers were
identified. Eight cases were also studied cytochemically for acid phosphatase
activity. Some degree of activity was seen in all cases but in general the enzyme
activity was intense and punctate in character in only those cases in which the
neoplastic cells formed E rosettes. Intense punctate staining for acid
phosphatase has also been described in T-cell ALL. The E-negative cases in our
series tended to have diffuse multigranular acid phosphatase activity. All cases
studied were positive for terminal deoxynucleotidyl transferase (TdT) activity
(40).

The heterogeneity of surface markers in these cases is similar to our
previously reported experience (36). Conceptually one can relate these tumors to
different stages in the maturation of thymic lymphoblasts. As with fetal
thymocytes (37), the complement receptor may be a feature of the most
primitive cells and this marker is lost as the cells differentiate or mature.
Punctate acid phosphatase activity appears to correlate with E rosette formation

and TdT activity is present in all cases.
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Table 7
LYMPHOBLASTIC LYMPHOMA

Age Med. .
Case No. Sex Mass  Source E EAC Slg AP  TdT
87 12F + PB 7 85+ 8 ND ND
157 23M + PB 10 9 8 ND ND
162 18M + BM 3 4 0 ND ND
166 22M + PB 80+ 70+ 0 ND ND
240 19M + LN 7 30+ 0 +M +
306 60M - Skin 20+ 9 0 ND +
- PB 6 3 ND +M -
312 18M + PF 32+ 34+ 1 +P +
344 30F + PF 23+ 16+ 0 +P +
376 23M + PF 63+ NS 0 +P +
394 22M + LN 70+ 1 2 +P +
405 8F - Tibia 0 ND 1 +M +
485 25M + BM 3 4 35 +M  ND

Results are expressed on 9% positive cells; + indicates marker
identified on neoplastic cells.

M Multigranular reaction product.
P Punctate perinuclear reaction product.

Abbreviations: PB, peripheral blood; BM, bone marrow; LN, lymph node;
PF, pleural fluid; med., mediastinal mass; ND, not determined; NS, not
satisfactory; AP, acid phosphatase; TdT, terminal deoxynucleotidyl
transferase.

LARGE CELL LYMPHOMAS
Diffuse "histiocytic" lymphomas have been the subject of relatively few detailed
functional studies (41, 42). We have recently completed a study of the membrane
surface markers and histochemical profile of 25 large cell malignant lymphomas
(table 8). Morphologically 18 were classified as diffuse "histiocytic," five were
designated as undifferentiated, pleomorphic (2), and two were called diffuse,
mixed cell type. The neoplastic cells were studied in suspension for spontaneous
rosette (E) formation with SRBC, receptors for complement (EAC), receptors for
cytophilic antibody (IgGEA) and surface immunoglobulins (SIg) (30). Enzyme

histochemical techniques on frozen sections, as well as cytochemical reactions
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Table 8. MARKERS OF DIFFUSE LARGE CELL, MIXED,

B-Cell Source DX Slg Clon. EAC EA E
*171 LN DH 75 ND 14 19 -
*180 LN DH 92 ND 43 - -
*181 LN DH NS ND 50 ND NS
*196 LN UND 40 ND 80 ND -
*251 SPL DH 41 Mk 39 50 -
LN DH 45 Mk 64 41 -
*271 PB DH 85 Mk - - -
*402 LN DH 90 ND 9 9 -
134 SPL DH 50 ND 50 - -
186 BM DH 95 Mk - 93 -
293 LN UND 62 k 32 - -
296 INT DH 63 Mk 38 - -
323 LN DH 98 Mk 29 - -
400 PB DM 84 Mk - 73 -
T-Cell
174 LN DH - ND NS NS 85
397 LN UND - ND - - 41
428 PB DM - ND - - 55
4y LN DH - ND - - 61
HIST
298 BONE DH - ND 33 19 -
NULL
47 LN DH ND ND - - -
91 INT UND ND ND - - -
210 PB DH - ND - - -
349 ASC UND - ND - - -
389 LN DH - ND - - -
418 LN DH - ND - ND -
421 LN DH - - - - -

* Previous diagnosis of nodular (follicular) lymphoma.
Abbreviations: LN, lymph node; SPL, spleen; PB, peripheral blood; BM,
bone marrow; INT, intestine; ASC, ascitic fluid; Dx, pathological
diagnosis; DH, diffuse histiocytic; UND, diffuse undifferentiated (non-



AND UNDIFFERENTIATED (NON-BURKITT'S) LYMPHOMAS

15

B-EST A-EST AP BG TdT Neoplastic Cell Markers

- - - ND ND Slg EAC EA

- - - ND ND Sig EAC

- - - ND ND EAC

- - - ND ND Slg EAC

- - - - - Slg EAC EA

- - - - ND Slg EAC EA

- - - ++ - Sig BG

- - - - - Slg EAC EA

- - - ND ND SIG EAC

- + + ND ND SIG EA

- - - - ND Slg EAC

- + + + - Slg EAC AP

- - - - - Slg EAC

- ND ND ND ND Slg EA

+ ++ ++ ND ND E A-EST,AP

- - ++ ++ - E AP,BG

- ND + ++ ND E AP,BG

- - ++ ++ ND E AP,BG

+ ++ ++ ++ ND EAC EA B-EST,A-EST

AP,BG

- - - ND ND

- - - ND -

- ++ ++ ND ND A-EST,AP

- + + + - A-EST,AP,BG

- - - - +-

- - - - ND

- + + ND ND A-EST,AP
Burkitt's); DM, diffuse mixed; NS, not satisfactory; ND, not done; Clon.,
clonality; B-EST, alpha-naphthyl butyrate esterase; A-EST, alpha-naphthyl
acetate esterase; AP, acid phosphatase; BG, beta-glucuronidase; TdT,

terminal deoxynucleotidyl transferase.
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on cytocentrifuge preparations of some cases, were used to identify the following
hydrolytic enzymes: acid phosphatase (AP) with and without tartrate, alkaline
phosphatase (ALP), B-glucuronidase (BG) and a variety of esterases (EST)
including a-naphthyl acetate esterase (A-EST), a-naphthyl butyrate esterase (B-
EST), naphthol ASD chloroacetate esterase (ASDC1), and naphthyl ASD acetate
esterase (NASDA) with and without NaF inhibition (30,43). The data regarding
the immunologic and histochemical features of these cases are summarized in
(table 8).

Surface Markers

In 13 of 25 cases (52%) B-lymphocytic markers were identified. However, there
was marked variation in the number of markers detected as well as in the
percentages of neoplastic cells expressing particular markers. SIg was the most
consistent marker, being present in all suitably evaluated cases. In eight cases
studied for individual heavy and light chains, IgM and k were identified. Surface
bound IgM has also been the most frequent heavy chain class in other B
lymphocytic malignancies, including nodular lymphoma (5,6), chronic lymphocytic
leukemia (44) and Burkitt's lymphoma (29,30). This finding is not unexpected
since IgM is the predominant immunoglobulin class found on normal peripheral
blood B lymphocytes (24). In one case only k light chains were identified, without
detectable heavy chains. However, this case was not studied for IgD. None of

these 13 cases contained significant hydrolytic enzyme activity.

Tumor Overgrowth or Recurrence

Seven of the 25 large cell lymphomas arose in patients with a prior diagnosis of
nodular lymphoma and these invariably manifested B-cell markers. Such tumors
apparently result from a dedifferentiation or overgrowth of the proliferative
element of the neoplasm. A similar phenomenon occurs in blastic transformation
of chronic myelogenous leukemia, in which the blasts retain the Ph' chromosome.
Identical observations have been reported with other lymphoid neoplasms, i.e.,
blastic transformation of chronic lymphocytic leukemia (CLL) (45) and large cell
malignant lymphomas supervening on CLL (42), so-called Richter's syndrome. In
rare instances in which both the antecedent well-differentiated proliferation and
the blastic tumor were studied, the membrane bound immunoglobulins were of
the same light and heavy chain class supporting the concept that both tumors

belonged to one neoplastic clone.
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T-Cell Markers
Four of the 25 cases (16%) had T-cell markers. The neoplastic cells formed E
rosettes and also had abundant granular activity for acid phosphatase and beta-
glucuronidase. Similar enzymatic activity has been reported in other T-cell
malignancies such as the Sezary's syndrome (46), chronic lymphocytic leukemia
with T-cell markers (47), and lymphoblastic lymphoma (48,49). TdT was absent in
the three cases so studied, further evidence that these tumors are distinct from
the lymphoblastic lymphomas of T-cell origin. One case (539) was an enlarged
cervical lymph node from a 65 year old white male with a history of previously
studied Sezary's syndrome, previously studied for lymphocyte surface markers
and functional activity. He relapsed with rapidly progressive lymphadenopathy
and the lymph node biopsy was diagnosed morphologically as malignant
lymphoma, undifferentiated non-Burkitt's type. The neoplastic cells retained T-
cell markers and also retained the ability to function as helper cells in an in vitro

assay (50).

Histiocytic Origin

One of the 25 cases (4%) (298) had markers consistent with a true histiocytic
origin. The cells lacked SIg but formed rosettes with both EAC and IgGEA. In
addition, they phagocytosed bound erythrocytes, a phenomenon seen by us only
with cells of the monocyte-macrophage series. They also contained abundant
hydrolytic enzymes, manifested as diffuse strong cytoplasmic positivity for AP,
A-EST, B-G, and NASDA and weak staining for B-EST. Unlike the other cases,
this tumor was primary in the bone (clavicle) of a 14 year old boy. The cells
were large and pleomorphic with abundant acidophilic cytoplasm. The nuclei

were large and often lobulated with prominent eosinophilic nucleoli.

"Null"-Cells

In the remaining seven cases (25%) no immunologic markers were detected;
however, two of these cases were not studied for SIg. The neoplastic cells in
three cases contained AP and A-EST; one of these was also studied for BG and
was positive. However, the staining pattern was not diffuse, as in cells of the
monocyte-macrophage series. Rather, the activity was present as discrete
punctate dots, in one case restricted to the Golgi zone. This pattern of
enzymatic activity is seen in lymphocytes, both normal and neoplastic. It has
been reported in T-cell tumors, but T-cell markers were not demonstrable in

these cases. One such case (349) was also investigated for and lacked TdT
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activity. All three cases had plasmacytoid features morphologically, and two
studied ultrastructurally contained moderate to abundant amounts of rough
endoplasmic reticulum (51,52). Mature plasma cells and myeloma cells are
reported to contain AP activity. Unlike these cell types, however, the neoplastic
cells lacked detectable intracytoplasmic immunoglobulin. One of the "null" cell
cases was studied for TdT both by a biochemical assay (40) and by indirect
immunofluorescence (53). Although the biochemical study showed a positive
result, this positivity failed to be confirmed by the immunofluorescent study (53).
Since, in a series of over 50 cases, this case is the only one in which the
immunofluorescent assay failed to confirm the biochemical assay (54), we believe

the positivity of this case for TdT must be viewed with caution.

SUMMARY

The study of malignant lymphomas for membrane surface markers and enzyme
histochemical features often permits the identification of the cytogeneology of
the neoplastic cells. Furthermore, the application of these techniques to frozen
tissue sections allows one to observe the interrelationships of various cell types
present, both benign and malignant. Recent studies reviewed in this report
indicate that most large cell malignant lymphomas (so-called "histiocytic") are of
lymphocytic origin, usually of the B-cell type (52%). Tumors composed of
neoplastic T-cells are less common (16), and those composed of histiocytes (4%)
are quite rare. In 28% no markers were demonstrable. Lymphoblastic
lymphomas exhibit some heterogeneity of their membrane surface markers.
Receptors for sheep erythrocytes (E) were found in 50% of cases, as were
receptors for complement (42%). In 25% of cases these two markers were
present simultaneously, and in four cases (33%) neither marker was identified.
However, the invariable presence of terminal deoxynucleotidyl transferase
activity links all of these tumors to lymphoblasts and suggests that they
represent different stages in thymic or T-cell differentiation. Acid-phosphatase
activity was also consistently present, but the pattern of activity appeared to
correlate with the presence or absence of E rosette formation.

Studies of 49 cases of nodular lymphoma confirm the follicular B-cell
nature of the neoplastic cells. Additional studies on the localization of T
lymphocytes within these tumors indicate that morphologically normal T cells
are also present within the nodules in most cases. These observations suggest
that the T lymphocytes although benign, may be functionally interacting with the

neoplastic B cells. Well-differentiated lymphocytic malignancies appear to



relate to the secretory B-cell system, and may represent blocks at different
stages in the differentiation of medullary cord B lymphocytes. Studies of diffuse
lymphocytic lymphomas of intermediate differentiation indicate that these B-
cell tumors have immunologic features intermediate between follicular
lymphomas and well-differentiated lymphocytic malignancies. Cytochemically

and immunologically they appear related to follicular cuff lymphocytes.
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Introduction
The non-Hodgkin's lymphomas are a somewhat heterogeneous group of diseases as
can be seen from the previous article on their pathologic characteristics. Their
clinical presentations may be similar to benign diseases, so before any treatment
can be instituted for malignant lymphoma, two areas must be investigated. The
first of these is biopsy of an area of clinical involvement to make the diagnosis,
since few characteristics distinguish primary lymphoid malignancies from other
benign disorders that cause lymphadenopathy. Secondly, the extent of disease
(stage) must be adequately defined before appropriate therapy can be instituted.
In order to assist the accurate determination of stage, the physician must
be familiar with the initial clinical manifestations of these diseases. A

discussion of these presenting signs and symptoms is therefore in order.

Clinical Manifestations

Most patients with one of the non-Hodgkin's lymphomas present to the physician
with painless, enlarged lymph nodes. The most common anatomic site of
involvement is the cervical region, although somewhat in contrast to the sites of
involvement with Hodgkin's disease, other lymph nodes are frequently involved.
This lymphadenopathy usually is noted by the patient, although occasionally
enlarged nodes may be found during a routine physical examination.

The presenting characteristic that most distinguishes these disorders from
Hodgkin's disease is their predilection for involvement of sites other than lymph
nodes, usually termed extranodal areas of disease. These sites may be the only
areas evident at the onset--up to one-third of the time with some histologies--or
more commonly are associated with wide-spread disease. Virtually any organ
may be involved with lymphoma either as an isolated area or in conjunction with
nodal disease. The most frequent of these is the gastrointestinal tract, with
stomach involvement being the most common single site (1). Other extranodal
areas include bone, skin, breast, testes, central nervous system, head and neck,

or lung.
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Some patients found to have a malignant lymphoma will present with
constitutional or systemic symptoms as the only manifestation of disease or with
both symptoms and lymphadenopathy. These include an unexplained fever of
38°C or night sweats, or weight loss of greater than 10% of normal body weight.
Approximately 10% of patients with a non-Hodgkin's lymphoma will have one or
more of these symptoms at the time of diagnosis, and these patients have a
poorer prognosis than those who are asymptomatic (2).

Because of the frequency of extranodal involvement with these disorders,
initial evaluation of a patient who has been pathologically diagnosed must include
attention to those areas most frequently infiltrated with lymphoma. These areas
should be evaluated by the tests to be described but must include the bone
marrow, liver, lung, kidney, central nervous system, and gastrointestinal tract.
In addition, all lymph node-bearing areas must be examined for lymphomatous
involvement. This process of total body evaluation is termed staging, either
clinical, using physical exam, radionuclide and radiologic tests or pathologic
using biopsies of areas frequently involved with lymphoma in addition to all
clinical tests.

Staging Procedures

A staging system originally accepted for use for patients with Hodgkin's disease
has been adapted for use with the non-Hodgkin's lymphomas. This system divides
the stages by anatomic extent of disease and is described in table 1. This system
has been modified by Peters (3) to include the frequent extranodal presentations
seen with these disorders (table 2).

Unlike Hodgkin's disease, the non-Hodgkin's lymphomas tend to be
widespread at the time of diagnosis. For this reason, the above mentioned
staging systems may not be optimal for these disorders, although at present few
alternatives exist. It is not inconceivable that a staging system could be
designed distinctly for the non-Hodgkin's lymphomas incorporating response rates
of various sites of disease or prognostic features as part of stage. For now,
however, the Ann Arbor System, since its use has become widespread, should be
used for therapeutic decisions.

Although it is true that most patients with non-Hodgkin's lymphomas have
stage IIl or IV disease when first seen, it should not be assumed that all patients
diagnosed will require chemotherapy for advanced disease. Patients with
Hodgkin's disease must be proved to have advanced disease because most are
early stage at the onset. The staging procedures for the non-Hodgkins

lymphomas must be performed for the opposite reason: those with localized
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Table 1
ANN ARBOR STAGING SYSTEM

Stage 1
Involvement of a single lymph node region (I) or of a single
extralymphatic organ or site (I E)

Stage II
Involvement of two or more lymph node regions on the same side of
the diaphragm (II) or localized involvement of an extralymphatic
organ site and of one or more lymph node regions on the same side of
the diaphragm (II E)

Stage III
Involvement of lymph node regions on both sides of the diaphragm (III)
which may also be accompanied by localized involvement of an
extralymphatic organ or site (IIl E) or by involvement of the spleen
(11 S) or both (III SE)

Stage IV
Diffuse or disseminated involvement of one or more extralymphatic
organs or tissues with or without associated lymph node enlargement.

Reasons for classifying the patient as Stage IV should be identified.

Table 2
PETERS MODIFICATION OF ANN ARBOR SYSTEM
FOR EXTRANODAL LYMPHOMAS

Stage 1 Single extranodal site
Stage II Single site + regional nodes
Stage III One or two sites and lymph

nodes beyond regional

Stage IV Same as Ann Arbor
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disease must be identified since therapeutically stage I or II disease would be
amenable to radiotherapy. In addition, sites of disease should be identified to
enable them to be followed for response to treatment. A list of procedures to be
performed is seen in table 3.
Table 3
STAGING PROCEDURES
HISTORY AND PHYSICAL EXAMINATION

Chemistry Hematology
Serum electrolytes CBC
Liver function tests Platelet count
Creatinine Differential white blood cell count
Serum protein electrophoresis Prothrombin time
Quantitative immunoglobulins Coomb's test

Nuclear Medicine

Liver-spleen scan

Radiology Bone scan
Chest x-ray Gallium scan

Whole lung tomography Miscellaneous

Upper G.I. series with small bowel Bone marrow biopsies

follow-through Percutaneous liver biopsy

Intravenous pyelogram Laparoscopy

Lymphangiogram Laparotomy

The most important staging procedure to be performed when a patient with
known non-Hodgkin's lymphoma is first seen by a physician is the physical
examination.  This examination, together with the history obtained, will
frequently reveal sites of nodal involvement that are widespread, making more
invasive tests less important in determining treatment to be used. Special
attention should be given to node bearing areas, especially those that may not
frequently be examined, such as epitrochlear or submental sites. If, for instance,
a patient first presents with cervical adenopathy, not only should the supradia-
phragmatic node bearing areas be thoroughly examined but also the inguinal and
femoral regions must be examined for nodes since, if nodes in these areas are
found to contain lymphoma, chemotherapy should be employed since stage III
disease would be documented. Nodal examination is also critical in those
patients who present with extranodal areas of involvement. If nodal sites distant
from the presenting site are involved, stage IV disease, not stage IE’ must be

treated.
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There are areas frequently involved by the non-Hodgkin's lymphomas that
cannot be found by physical examination. Therefore, a thorough physical must be
supplemented by several other procedures designed to find not only macroscopic
evidence of lymphoma but also microscopic foci of disease that, if not detected
and treated appropriately, would continue to grow and cause problems. These
procedures generally fall into several categories: blood tests, radiologic and
radionuclide studies, and pathologic examination of tissues. Each area will be

discussed.

Blood Tests

Routine biochemical and hematologic tests need to be ordered prior to treatment
as part of a thorough medical evaluation. Although few of these tests will by
themselves affect any therapeutic decisions, baseline values are necessary and in
fact may give clues to areas of disease involvement.

Serum electrolytes are rarely if ever affected by lymphoma, except if
ureteral blockage is present causing renal dysfunction. An elevated serum
creatinine will also be present with such blockage. Liver function tests may be
abnormal but do not always indicate hepatic parenchymal lymphoma. These
enzymes may be abnormal in the face of advanced disease not involving the liver,
or may reflect extrahepatic biliary obstruction by enlarged porta hepatis nodes.
Liver biopsy is the only sure way to document hepatic infiltration. The alkaline
phosphatase may be elevated with advanced disease and may indicate liver or
bone involvement. Abnormally high levels of uric acid may be found, especially
in a rapidly growing lymphoma or in patients who have peripheral blood or bone
marrow involvement. Patients with renal dysfunction also may have elevated
uric acid levels. Serum protein levels usually are normal except in patients with
far advanced disease, when a decreased serum albumin may be present.

Hematology tests may be more revealing than serum chemistries and may
be great aids in determining stage of disease. A complete blood count may show
selective or generalized abnormalities of the white cell, red cell, and platelet
counts. White cells may be decreased, normal or increased in the presence of
marrow lymphoma. The peripheral smear must be thoroughly examined for the
presence of lymphoma regardless of the white blood cell count. Although one
might expect leukopenia or a leukocytosis if marrow infiltration were present,
frequently such infiltration may not be reflected in the peripheral blood counts.
Anemia may be present with or without marrow lymphoma. Thrombocytopenia,

however, usually is a strong indicator of marrow involvement.
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RADIOLOGY AND NUCLEAR MEDICINE STUDIES

Once a complete history and physical examination have been obtained, and the
patient has had appropriate blood studies, radiographs and isotopic scans should
be obtained. A chest roentgenogram may show mediastinal widening, hilar or
paratracheal adenopathy, or a parenchymal infiltrate or nodule. Infiltrates must
not be assumed to be lymphoma in a febrile patient since many of these patients
are prone to opportunistic infections because of immunodeficiencies.

If a plain chest radiograph does not show any abnormality, tomography of
the mediastinum or whole-lung tomograms may be more sensitive at detecting
lymphoma. Tomography is especially important in those patients who are
thought to have limited stage or those who have infradiaphragmatic presenta-
tions with no supradiaphragmatic evidence of lymphoma.

An intravenous pyelogram (IVP) should be obtained in all patients. Its main
use is in the detection of ureteral deviation or blockage by enlarged
retroperitoneal nodes as seen in figure 1. An IVP, if abnormal, can also be used
as a parameter by which to judge disease response since, if a good response to

treatment is obtained, an abnormal IVP should become normal. Upper

Figure 1: IVP in patient with non-Hodgkin's lymphoma. Note areas of enlarged
nodes (A) outlined by lymphangiographic dye. One large node not easily seen (B)
is producing ureteral constriction with hydronephrosis.
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gastrointestinal radiographs may show bowel infiltration or, more frequently,
indirect evidence of lymphoma by displacement or extrinsic compression of the
bowel.

A bone survey is infrequently of use unless a patient has symptoms of bone
pain. Not only is bony involvement infrequent in the non-Hodgkin's lymphomas,
but also a bone survey is a relatively insensitive test in detecting this
involvement.

A bipedal lymphangiogram should be obtained prior to therapy in every
patient unless there is a major (pulmonary insufficiency) or relative (iodine
sensitivity) contraindication. This procedure has been evaluated in several large
series and is nearly 90% accurate when positive and equally predictive of the
absence of abdominal lymphoma when negative (4). Inaccuracies of this
procedure stem largely from its inability to evaluate mesenteric or nodes above

the level of L-2, two areas frequently involved by non-Hodgkin's lymphomas. The

Figure 2: Large abdominal lymph nodes outlined by lymphangiogram. Of note
nodes are large and have a speckled pattern with cut-out areas suggesting
involvement with tumor.
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lymphangiogram, in addition to its predictive capability is also useful to follow
response to therapy since the nodes frequently retain dye for many months.
Figures 1 and 2 show lymphangiograms which are positive for abdominal

lymphoma.

SCANS

Radionuclide scans can be of use in the staging of lymphomas and should be
performed for both staging and follow-up purposes. The liver-spleen scan is
simple to perform, but its use is mainly limited to assessing organ size. Although
many scans are performed in the hope of detecting parenchymal liver
involvement or of finding indications of splenic lymphoma, rarely do the results
of this scan affect therapy. This relative lack of usefulness is primarily due to
the fact that in many instances of liver infiltration with non-Hodgkin's
lymphoma, only microscopic foci of disease are discovered. The same is true for
splenic involvement. The resolving power of present nuclear medicine techniques
would not be expected to detect such involvement. Focal defects seen in the
liver or the spleen, however, can indicate the presence of lymphoma.

Bone scans infrequently are helpful for staging due to the relatively
infrequent bone involvement seen with these disorders. In fact, since many
patients are in the older age groups, positive scans may only reflect
osteoarthritis.

The radionuclide scan that is most helpful for staging the non-Hodgkin's

lymphomas is the whole-body -

gallium citrate scan, an example of which is seen
in figure 3. Gallium is preferentially accumulated by inflammatory lesions and
by certain malignancies. In general, the non-Hodgkin's lymphomas do accumulate
gallium, but the degree of scan positivity is dependent on the degree of
differentiation of the malignant cell. Several studies have examined gallium
scans for staging and in general have found that less well-differentiated tumors
accumulate gallium a greater percentage of the time than do well-differentiated
lesions (5). Patients with histiocytic lymphomas, then, can be expected to have
gallium uptake in sites of disease more often than do patients with well-
differentiated lymphocytic lymphomas. The size of a lymphomatous lesion also
affects gallium uptake with larger lesions being more frequently positive.
Gallium scans do have drawbacks, however. Because gallium is secreted into the
bowel, patients undergoing scans should have a thorough bowel preparation with
cathartics and enemas, or scan positivity detected in the abdomen may be
difficult to interpret. A gallium scan should be part of the initial staging

evaluation both for delineating extent of disease at the onset and for establishing
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a baseline for whether the patient's tumor accumulates gallium. If the initial
scan is negative even in the face of known areas of disease, further scans are of

no use for assessing disease response.

Figure 3: 67Gallium scan showing increased uptake of radionuclide in cervical
and inguinal areas corresponding to areas of palpable disease.

OTHER TESTS

Abdominal ultrasound and computerized axial tomography (CAT scan) are other
procedures that help evaluate areas of potential disease involvement. Ultrasound
can be useful in detecting enlarged retroperitoneal, porta hepatis, or mesenteric
nodes but will not detect disease in normal-size nodes. The abdominal CAT scan,
however, has the potential for finding areas of lymphoma undetected by other
methods. Enlarged nodes not specified by lymphangiogram can be seen, including
those in the high para-aortic and mesenteric areas. Microscopic foci of disease
will not be detected. Studies of the use of abdominal CAT scans in the staging of
lymphoma are underway. Thus the exact role of CAT scans remains to be
established.
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Pathologic Examinations

Not only should indirect evidence of lymphoma be sought by the use of the above
tests but also biopsy evidence of sites known to be frequently involved should be
sought. The sites of lymphoma that may not be detected prior to biopsy are bone
marrow and liver.

Bone marrow infiltration is a frequent finding in the lymphocytic
lymphomas and less frequent in the histiocytic varieties. All patients, regardless
of histology, should have bilateral posterior iliac crest marrow biopsies, however.
This is usually best accomplished by the use of a Jamshidi, Westerman-Jensen or
similar needle which can be used to obtain both a marrow aspirate and biopsy
with only one needle placement. Classically, lymphomatous infiltration of the
marrow is in a focal paratrabecular pattern, but may be more widespread with
large areas of marrow replaced by disease. Care must be taken to distinguish
lymphoma from normal lymphoid follicles. Marrow involvement is always
considered stage IV disease.

Liver infiltration should be sought since up to 30% of patients with
lymphocytic histologies will have such involvement. This is detected by either
percutaneous biopsy or with the use of peritoneoscopy, directing biopsies to areas
that are suspicious, or taking random biopsies. Liver biopsy should however be
reserved for those patients who have not been shown to have stage IV disease

before biopsy.

Final Impact of Staging

Staging of the non-Hodgkin's lymphomas should proceed in the sequence outlined
above. By the time all of the above tests have been completed, the vast majority
of patients with non-Hodgkin's lymphomas will have been found to have stage III
or IV disease, requiring chemotherapy. These patients will require no further
staging evaluation. It is also important to remember that clinical stage at
presentation may not be an accurate reflection of pathologic stage which
frequently is advanced by the finding of small foci of disease not easily detected
by clinical means. For those few patients who appear to have localized disease,
staging laparotomy should be employed to document that the disease is indeed
localized. This laparotomy should employ all of the procedures used in the
evaluation of patients with Hodgkin's disease as outlined in table 4. Special
attention should be directed to the mesenteric nodes since these nodes are
frequently involved in the non-Hodgkin's lymphomas. When adequate pathologic

stage is assessed, the patient is ready for treatment.
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Table 4
PROCEDURES AT STAGING LAPAROTOMY

Splenectomy

Liver Biopsies
Wedge biopsy
Needle biopsy right and left
lobes

Suspicious lesions

Lymph Node Biopsies
Splenic hilum
Porta hepatis
Mesenteric
Bilateral para-aortic
Bilateral iliac

Iliac Crest Bone Marrow Biopsy

Other as Indicated
Biopsy of bone lesions

Peripheral lymph node biopsies

TREATMENT OF NON-HODGKIN'S LYMPHOMAS

General

The majority of patients with one of the malignant lymphomas of the non-
Hodgkin's type will respond to appropriate therapy, often with complete
resolution of their disease. This statement is becoming increasingly true as
newer methods of treatment are developed, but it has not always been so
recognized. Successful therapy has in general lagged behind the spectacular
success that has been achieved in the last decéde in the treatment of Hodgkin's
disease. Reasons for this slower rate of achievement are several and include the
lack of appropriate studies to determine the extent of disease at the time of an
extranodal presentation; the relative resistance of some types of non-Hodgkin's
lymphomas to megavoltage radiation therapy; and the slow realization that these
disorders are, in the vast majority of instances, truly systemic diseases at the
time of their clinical detection. Overall, even considering the relative lack of
major breakthroughs in therapy, the patient who is diagnosed as having a non-

Hodgkin's lymphoma has a better chance now of having long-term control of his
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disease than he would have had even 10 years ago. As will be discussed, some of
these patients have a very real chance of being cured with present day treatment
modalities.

As with many neoplastic diseases, three modalities of therapy are available
for the treatment of the non-Hodgkin's lymphomas: surgery, radiotherapy, and
chemotherapy. Each of these has its place in management, but whether it is used
alone or they are used in combination primarily depends on the extent or stage of
the lymphoma. Most patients with one of these lymphoid malignancies will be
found to have disseminated, systemic disease at the completion of the staging
evaluation. These patients are wusually most appropriately treated with
chemotherapy. There remains a small proportion of patients, however, who even
after all studies including staging laparotomy have been done, will be found to
have relatively local disease (stage I or II). It is with these few patients that
surgery and radiotherapy are the most useful. Since surgery, irradiation, and
chemotherapy all can be used therapeutically for the non-Hodgkin's lymphomas,

each will be discussed separately.

Surgery
The greatest contribution of surgery to the treatment of these disorders is in the

performance of the diagnostic biopsy. Since many patients come to the medical
oncologist having already been diagnosed, the importance of this diagnostic
function is frequently overlooked. A peripheral node is the most frequent site of
biopsy, and should cause little diagnostic trouble since the node is usually excised
in toto and an adequate sample of tissue is obtained for pathologic diagnosis.
Even if confusion over the proper diagnosis arises, these nodes are usually large
enough that tissue is available for further sections and additional stains. Rarely
is a frozen section indicated in a peripheral node biopsy, and if one is performed
care must be taken not to freeze the entire specimen since freezing may destroy
critical cellular characteristics and make interpretation difficult.

Another mode of presentation of these disorders may be with abdominal
signs, either with an abdominal mass or with gastrointestinal involvement. A
surgeon usually makes the diagnosis of abdominal lymphoma since many of these
patients may not have peripheral adenopathy and require exploratory laparotomy.
In these instances, especially when the diagnosis of lymphoma is being
considered, the opportunity to do a thorough staging laparotomy should be taken
rather than doing only a biopsy of the abnormal area. All too frequently, such
patients do not have disease outside the abdomen, leaving their true stage in

doubt if node biopsies, liver biopsies, and splenectomy have not been done at the
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time of the initial surgery. These patients may then need further surgery if an
inadequate first procedure has been done.

Surgery may be truly therapeutic, rather than diagnostic, in occasional
patients with non-Hodgkin's lymphoma. This situation may occur in those
patients who present with an extranodal site of disease which can be totally
excised. Any organ may be the presenting site of a malignant lymphoma. The
most frequent extranodal presenting site is the gastrointestinal tract, with the
stomach being the most frequent area of involvement. The literature concerning
the surgical removal of these sites of disease suggests that a certain
percentage - in some series up to one-half of these patients - may be cured by
the surgical procedure itself. Most of these series, however, fail to adequately
stage the patients. When staging is performed in patients with extranodal
presentations, the vast majority can be found to have disseminated disease (6-8).
Obviously these patients could not be cured by any local surgical procedure. If
these patients are adequately staged and if this staging evaluation (including a
staging laparotomy) does not find evidence of further sites of lymphomatous
involvement, it is conceivable that adequate surgical removal of an extranodal

primary lymphoma may be curative.

Radiotherapy
Megavoltage radiation therapy will cause regression of nearly all areas of non-

Hodgkin's ilymphoma that are irradiated. This therapeutic use of irradiation has
been known for many years but in most series radiotherapy has not been as
curative as it has been for Hodgkin's disease. Two reasons for this relative lack
of success are now evident. Most importantly, adequate staging has only
recently been recognized as being critical for making correct therapeutic
decisions. One cannot hope to control what in most cases is a systemic disease
with local therapy. Secondly, the local recurrence in an irradiated field varies
with the histologic subtype of lymphoma.

At Stanford, a study by Fuks and Kaplan (9) demonstrated that local
recurrence is dependent on cell type with poorly differentiated lymphocytic and
mixed lymphomas, whether in a nodular or a diffuse pattern, having fewer
recurrences as the dose of radiotherapy approached 4000 rads. Diffuse
histiocytic lymphomas, however, did not show this dose response, with more
recurrences at 5500 rads than were seen at 2000 rads. This study corroborated
what is frequently seen in the clinic after radiotherapy for control of these
disorders. Sites involved with lymphocytic lymphoma are well controlled, but the

patient may suffer the consequences of distant spread, whereas sites of
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histiocytic lymphoma frequently re-grow after irradiation and local manifesta-
tions of the disease are a prominent feature. Airway, ureteral, or gastro-
intestinal obstruction by diffuse histiocytic lymphoma may initially be relieved
by radiation therapy, only to recur and, because of potential radiation damage to
normal tissues, not be amenable to further irradiation.

Knowing the responses of the lymphomas to irradiation, several studies
have utilized radiotherapy for patients with these disorders. Response rates have
been excellent with nearly all patients treated having complete regressions of
their diseases. The relapse rates following the achievement of a complete
remission have been relatively high, however, with only about one-half of the
patients achieving long-term control of their diseases. Relapse rates have been
somewhat dependent on the clinical stage of the disease at the time of
irradiation with stage I patients relapsing from 40 to 75% of the time if a nodular
lymphoma were treated, and 40 to 100% if a diffuse histology were present (10-
13). Stage II patients have fared less well, with stage IIl lymphomas doing
better (14) or about the same (15) as stage II (table 5).

Table 5
PERCENT RELAPSE AFTER RADIOTHERAPY

Percent Relapse

Investigator Stage Nodular Diffuse
Hellman (10) I 40 100
I & 11 50
Reddy (11) I by 45
1I 73 80
Cox (1%) I 35 --
Bush (12) I &11 55
Jones (13)
PDL + MIXED I 75 40
I 75 100
Histiocytic I 0 55
11 70 75

Glatstein (15) 111 67 80
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These results with radiotherapy must be analyzed further, however, in order to
get a true picture of the effectiveness of irradiation. First of all, most of the
studies outlined in table 5 have not used aggressive staging procedures. The
patients, therefore, are clinically staged as opposed to being pathologically or
surgically staged. Most patients in these series underwent lymphangiograms and
bone marrow aspirates, but few had marrow biopsies, liver biopsies, or staging
laparotomies. The relapse percentages may therefore be high because of occult
foci of disease that received no therapy and would be expected to become
clinically manifest in due time. Thus "relapse" after radiotherapy may not
represent escape of the disease from treatment, but may be only a manifestation
of initial undertreatment. The study that appears to come closest to accurate
staging is that of Cox (14) who delivered radiotherapy of curative intent to
patients with stage III nodular disease with excellent results. At the time of
publication, 10 of 22 patients treated had relapsed, but 3 of those who relapsed
were made disease free with further radiotherapy. A similar group of patients
treated at Stanford (15), however, fared less well, with 67% of those with nodular
disease relapsing. In the Stanford study, the follow-up period was nearly twice as
long.

A second criticism of these studies of radiotherapy is that not all of them
specify where the disease recurred. It is of importance to document whether the
disease became evident in previously irradiated sites (irue recurrence) or in
previously untreated areas (relapse). The former would suggest biologic
resistance whereas the latter would mean inadequate evaluation of the initial
extent of disease. Lastly, it might be expected that very few patients with truly
localized lymphoma actually exist since 90% are systemic from the time of
diagnosis. These patients may be curable by radiotherapy so it is exceedingly
important to identify them.

Adjuvant Chemotherapy. Hopefully it is clear from the preceding discus-

sion that the role of radiation therapy as a curative modality of treatment for
the non-Hodgkin's lymphomas is as yet unsettled. Because of the high
recurrence/relapse rate of patients treated with radiotherapy alone, studies of
adjuvant chemotherapy (see below) have been performed in attempts to prolong
the disease-free interval. It is now clear that this type of therapy significantly
prolongs remission duration for patients with early stage Hodgkin's disease and
significantly prolongs survival in subsets of these patients over those treated only
with irradiation. In two large series of patients with non-Hodgkin's treated with
either radiotherapy alone or radiotherapy followed by combination chemo-

therapy, results have been conflicting, with one study (16) showing an advantage
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for those treated with combined modality therapy in disease-free interval but not
in overall survival. This advantage was seen primarily in patients with diffuse
lymphomas, and because most (70%) of the patients treated had a diffuse
histology, this advantage was seen for the entire group. Survival at 3 years was
not significantly different with the addition of chemotherapy; aggressive post-
relapse treatment was credited with prolonging the survival of the relapsers.
Another study of adjuvant chemotherapy (17), however, failed to find significant
differences between the two treatment groups. No subset of patients by stage or
histology benefitted by the addition of chemotherapy following radiotherapy.

From these two studies it is difficult to accurately assess whether or not
adjuvant chemotherapy is beneficial for patients with early stage non-Hodgkin's
lymphomas. Once again, the previous comments about accurate staging must
apply, since presumably only clinical staging was done in these studies. The
answer to whether or not chemotherapy should be given after radiotherapy in this
patient group will have to await further studies of adequately staged patients.

Total Body Irradiation. One other method of delivering radiotherapy to

patients with non-Hodgkin's lymphomas is total body irradiation (TBI) (18-22).
This method, as its name implies, does not direct the radiotherapy beam to only
lymph node bearing areas, but rather delivers relatively low dose (100-500 rads)
irradiation to the entire patient. Usually, half of the patient is treated on a daily
to weekly basis, delivering 10-20 rads to alternate halves of the body. The
treatment is generally well tolerated with thrombocytopenia being the pre-
dominant dose limiting factor. Complete remissions have been achieved,
primarily in patients with lymphocytic histologies. Compared to combination
chemotherapy, TBI has been equally effective (23). Although many studies (table
6) have been performed to assess the efficacy of TBI, most have been pilot
studies and the results have varied. The role of total body irradiation in the

treatment of patients with non-Hodgkin's lymphomas is not yet established.
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Table 6
TOTAL BODY IRRADIATION

Author Schedule Total Dose Complete Response
(Rads) (%)
Chaffey (18) 15 rads 150 80
2x/week
Qasim (19) 10 rads 100-300 75
3x/week
Johnson (20) 10 rads 100-150 69
daily
Brace (21) 15 rads 85-196 29
weekly
Garrett (22) 10-50 rads 125-500 29
daily
Chemotherapy

As has been mentioned, nearly all patients having one of these disorders will have
extensive disease when first seen. When staging is completed, some patients will
have stage I or II disease; these patients will be candidates for radiotherapy alone
or in combination with chemotherapy (see above). The remainder will require
systemic therapy since they have systemic disease. This therapy will usually
mean treatment with chemotherapy.

There are a number of chemotherapeutic agents that are available for use
for the non-Hodgkin's lymphomas (table 7). Agents that have had the most
extensive use are the alkylating agents, vinca alkaloids, and corticosteroids.
Drugs from each of these groups have been studied for use as single agents, and
the alkylating agents have been the most studied.
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Table 7
CHEMOTHERAPEUTIC AGENTS FOR LYMPHOMA

Alkylating Agents Antibiotics
Nitrogen Mustard Adriamycin
Cyclophosphamide Bleomycin
Chlorambucil Nitrosoureas

Vinca Alkaloids CCNU
Vincristine BCNU
Vinblastine Streptozotocin

Corticosteroids Antimetabolites
Prednisone Methotrexate

Miscellaneous
Procarbazine
VM-26
DTIC

Several reports have shown that alkylating agents alone can be effective
treatment for non-Hodgkin's lymphomas. Early studies suggested that chloram-
bucil (24) or cyclophosphamide (25) have clinical utility in these patients but
these reports were published prior to the widespread use of the Rappaport
classification system. Hence activity reported in "lymphosarcoma" or "reticulum
cell sarcoma", is of limited value because of the lack of precise histologic
correlation. Jones (26) in a retrospective review of 110 patients with these
disorders classified by the Rappaport method reported response rates to either
cyclophosphamide or chlorambucil that were dependent on the histologic sub-
type. Nodular lymphomas responded with greater frequency than did diffuse
histologies and among the nodular types, poorly differentiated lymphocytic
(NPDL) was the most responsive. Forty-eight percent of the patients with NPDL
histology were able to achieve a complete remission, but only 5 percent of those
with diffuse histiocytic lymphomas (DHL) were able to do so. It is likely,
however, that these response rates are somewhat inflated since aggressive re-
staging procedures were not used to document remission status.  High-dose
cyclophosphamide (27) (1500 mg/m2 every 3 to 4 weeks) has also been reported as
effective therapy for nodular lymphomas. Forty-two percent of the patients
with nodular histologies achieved a complete remission, but none of the patients

with diffuse histologies completely responded.
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COMBINATION CHEMOTHERAPY FOR LYMPHOMA

Drugs Reference
Cyclophosphamide Bagley (28)
Vincristine

Prednisone (COP)

COP Lenhard (29)
Adriamycin McKelvey (31)
Vincristine

Prednisone (HOP)

Cyclophosphamide +
HOP (CHOP)

McKelvey (31)

COP +
Procarbazine (COPP)

Stein (32)

CHOP + Rodriguez (34)
Bleomycin

Adriamycin Monfardini (36)
Bleomycin

Prednisone

Bleomycin Schein (35)

Adriamycin +
COP (BACOP)

Methotrexate Lauria (37)
Cyclophosphamide

Vincristine

Complete Remission (%)

Nodular Diffuse
61 43
50 43
67 60
78 67
62 50
63 68
80 4y
- 48
57 78
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Single agents have also been combined and in general, the results obtained
with these combinations have been superior to those obtained with single drugs
(table 8). The most widely used of these combinations has been COP or CVP
which groups cyclophosphamide, vincristine, and prednisone. Although these
three drugs have been used together frequently, the dosage and schedules have
varied so that COP or CVP does not have the same meaning in all centers.
Cyclophosphamide has been given daily orally (28), weekly (29), or on a high-dose
intermittent schedule (30). Comparisons between these studies are difficult
since methods of staging, make-up of the patient population, and thoroughness of
re-staging differ among them, but in general, results appear equivalent with all
schedules.  Complete remission rates with the 3-drug combination have been
generally near 50%, with nodular lymphomas responding more frequently than
diffuse histologies.

Several agents have been substituted in or added to CVP in attempts to
improve the complete response rates. Adriamycin (hydroxyl-daunomycin) has
been substituted for cyclophosphamide (HOP) with a slight increase in response
rate (31). The addition of Adriamycin (CHOP) further increases the complete
remission percentage both in nodular and diffuse lymphomas (31). Procarbazine
(32) has been added with little improvement in response rates and the addition of
BCNU likewise appears to confer no benefit (33). Nitrogen mustard and
procarbazine with vincristine and prednisone (MOPP) appears equivalent to CVP
(30). Bleomycin added to CHOP (34) adds no more activity than is seen with
CHOP alone, although appears to be of benefit in patients with histiocytic
lymphoma when used in a different schedule (35). Other regimens not employing
the nucleus of CVP have also been reported with good results. Adriamycin,
bleomycin and prednisone is an effective combination (36), as is methotrexate,
cyclophosphamide and vincristine (MEV) (37).

Nearly all investigators would agree on the necessity of combination
chemotherapy for patients with histologic subtypes that are considered to have
poorer prognoses. Most of these less favorable histologies are of diffuse
architecture, either poorly differentiated lymphocytic (DPDL), mixed lympho-
cytic/histiocytic (DM), or histiocytic lymphoma (DHL). Although patients with
these types of lymphomas respond less frequently to chemotherapy than do
"favorable" ones (diffuse well differentiated lymphocytic - DWDL, NPDL, or
nodular mixed - NM) there exists a subpopulation of these who have a reasonable
chance of long-term disease-free survival. Aggressive therapy directed toward
this possibility would then seem worthwhile. Less clear is what is the best

therapeutic course for patients with the less aggressive, more indolent type of
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lymphoma - DWDL, NPDL, or NM. Suggestions for approaching this group of

patients have ranged from no initial treatment, withholding any therapy until
symptoms of bulky nodes or life-threatening organ involvement intervene; to
single agent chemotherapy; to combination chemotherapy. Which of these
methods of managing these patients is of the most benefit is a widely debated
issue, and arguments supporting each view can be found (38,39).

Portlock and Rosenberg (40) have suggested a "wait and see" approach for
patients with favorable histologies. Patients whose diseases are asymptomatic
do not have bulky adenopathy, or do not have life-threatening complications are
followed without treatment until symptoms requiring therapy appear as they will
in the majority of patients. The survival curves reported for a highly selected
group of patients treated in this manner were relatively good, reflecting in part
the indolent nature of their diseases, and did not differ significantly from the
survival curve generated for a group of patients on a randomized treatment
protocol. What the exact criteria were for choosing patients to be followed
untreated are not clear. Also not answered by this study is whether or not these
patients may have done even better or even "cured" had they been treated from
the time of diagnosis. One can only say that there exists a group of patients with
these disorders who may not require immediate treatment.

Single agent chemotherapy has been compared to combinations of drugs in
3 studies (38,41,42) and in each case, combination chemotherapy has given a
higher number of complete remissions. Whether or not it is important to attain a
complete remission, since remissions are not durable and long-term control of
nodular lymphomas is infrequent, is a question that also is debated. Some studies
(43) show no significant survival differences among those who respond fully,
partially or not at all, while we (39) have shown highly significant differences,
with complete responders living longer than non-responders. If it be true that
the attainment of a complete remission significantly prolongs survival for
patients with nodular lymphoma, then therapy should be designed to achieve high
complete response rates. Since combinations are superior to single agents in this
capacity, it would seem prudent to try combination chemotherapy as initial
treatment. Randomized trials of no initial treatment, single agent therapy, and
combination chemotherapy in unselected patients may need to be performed to
help answer this question.

Re-staging. Whatever therapy is employed for the treatment of the non-
Hodgkin's lymphomas, it is important to accurately assess not only initial stage
of the disease, but also the response to therapy. Therefore, when a patient is

thought to have achieved a clinical complete remission, tests that were
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performed prior to treatment should be repeated. Only those tests that showed
evidence of lymphoma need to be re-done, i.e. if a scan, radiograph, or biopsy
was initially negative, it need not be repeated. If further studies show continued
presence of lymphoma, treatment should be continued for 2 to 3 more cycles and
the tests done again. Persistent disease at that point requires a change of
therapy. Care must be exercised in interpretation of these repeated tests,
however, since false positive results can occur, especially with the interpretation
of repeat lymphangiograms. In our experience, fully 75% of those nodes read as
positive on repeat studies proved negative at laparotomy.

Maintenance. Whether or not maintenance therapy is indicated for these
patients after a pathologically documented complete remission is attained is an
unstudied question. Studies of maintenance have been reported, but these were
in the era prior to the use of the Rappaport histologic classification system, so
are difficult to interpret. Since nodular lymphomas tend to relapse with time but
remissions in patients with diffuse lymphomas, especially those with DHL, seem
to be durable, perhaps maintenance treatment may be appropriate for certain

histologies. Obviously further studies in this area are needed.

Conclusions and Recommendations

The strongest determinant of how patients with one of the non-Hodgkin's
malignant lymphomas should be treated is the pathologic stage of the disease.
Stage can only be accurately determined by a thorough evaluation of all sites
likely to be involved with lymphoma. Only when this staging has been completed
can therapy begin. Treatment should be approached as follows:

Stage I & II Any histology. Radiotherapy to at least one node bearing area

beyond what is known to be involved should be given to a dose of 4000 rads.
Abdominal ports should encompass mesenteric nodes if they are known to be
involved. Otherwise, ports analogous to those used for Hodgkin's disease are
appropriate. = Chemotherapy as adjuvant following irradiation is currently
optional.

Stage IE Any histology. Surgical removal if possible may be curative.

Radiotherapy alone without surgery may offer good control. Radiotherapy after
surgery is optional.
Stage III or IV DPDL, DM, DHL, NH. Combination chemotherapy with

three, four, or five drug regimens will give a high percentage of complete

remissions that may be of long duration. Patients who fail to achieve a complete

remission should be treated with a different combination of drugs.
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Stage III or IV._DWDL; NPDL, NM. Various options for treatment are
available. If the disease appears stable, treatment may be withheld until

symptoms appear. Single agent therapy or combination chemotherapy may be
used, with more patients on combinations achieving complete remission. Total

body irradiation appears useful but is currently investigational.

Treatment of these disorders has shown marked improvement within the
last 10 years so that the majority of patients will have responses and many will
have long-term control of their disease and prolonged survival. Further progress
toward cure will depend on the development of newer agents and upon newer
combinations which have even greater activity for patients with the non-
Hodgkin's lymphomas.
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CURRENT ISSUES IN THE MANAGEMENT OF PATIENTS
WITH HODGKIN'S DISEASE
Peter H. Wiernik
Baltimore Cancer Research Program of the
Division of Cancer Treatment, National Cancer Institute
at the University of Maryland Hospital, Baltimore, Maryland

INTRODUCTION

There is currently great and often heated debate over some important aspects of
the management of patients with Hodgkin's disease. New data concerning the
proper staging of patients have been developed at several centers, but these data
and their implications for staging and management have not been universally
accepted. Research at several institutions has indicated that a combined
modality approach to some patients with early stage disease offers the best
chance of prolonged disease free survival. However, some investigators have
argued that overall survival is not enhanced by such aggressive treatment
because "salvage" chemotherapy will cure a significant fraction of radiation
failures. "Salvage" therapy, however, has not been so effective in all studies.
Those who favor the radiotherapy alone approach to all patients with early stage
disease argue additionally that the frequency of second malignancies in patients
with Hodgkin's disease is greatest in patients who receive intensive combined
modality therapy. Others point out that, while this may be true, closer
examination of relevant data demonstrates that the incidence of second
malignancies is greatest in patients who receive intensive radiotherapy initially,
relapse, and then receive intensive combination chemotherapy as reinduction
treatment. It must be noted that such reinduction chemotherapy constitutes
"salvage" therapy.

Recently, some early data have demonstrated the potential of combination
chemotherapy alone for successful induction of complete remission in early
Hodgkin's disease. Although such therapy may be associated with more acute
toxicity than radiotherapy, the long term permanent complications of radio-
therapy may be greater. More remission duration data must be developed,
however, before combination chemotherapy can be recommended as an alterna-
tive to radiotherapy for early stage disease.

The purpose of this paper is to discuss some of these issues critically and to
make new recommendations based on the data for the management of patients
with Hodgkin's disease.
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COMBINED MODALITY APPROACH TO HODGKIN'S DISEASE
PRIMARILY CONFINED TO LYMPH NODES
The results of two major studies comparing radiotherapy alone to radiotherapy
followed by chemotherapy for early stage Hodgkin's disease have shown a
statistically significant improvement in remission duration after combined
modality treatment (1,2). In both studies, overall survival is also better in the
combined modality group compared to the radiotherapy group but the differences
are not significant in the Stanford study (1). The lack of a statistically
significant difference in overall survival has led some to recommend radio-
therapy alone for patients with early stage Hodgkin's disease. They prefer to
withhold combination chemotherapy until the patient relapses. This approach is
justified by three observations. First, this approach will spare a majority of
patients chemotherapy, since a majority of patients remain disease free after
radiotherapy alone. Secondly, post relapse "salvage" chemotherapy is said to be
highly successful (3) - so successful, in fact, that the ultimate survival of groups
of patients treated initially with radiotherapy alone or radiotherapy and
chemotherapy is insignificantly different, as stated above. And thirdly, it has
been stated that the incidence of post treatment acute leukemia is higher in
patients treated with a combined modality approach (4) than in patients treated
with radiotherapy alone. For all these reasons, some workers have not
considered initial combined modality treatment to be in the best interest of the

patient.

POST RELAPSE SURVIVAL IN
HODGKIN’'S DISEASE
RADIOTHERAPY AS INITIAL TREATMENT
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Alternative interpretation of the data may be appropriate. Figure 1
demonstrates that in both Portlock's study (3) and our own (2), there is a steady
increase in the number of deaths in patients who have been treated with post-
relapse "salvage" combination chemotherapy. The best interpretation of the data
is that 40-60% of such patients will be permanently salvaged. Another
interpretation is that the plateau at the end of the curve represents a
computational rather than a biologic phenomenon and that it will become less
prominent with the passage of time, as more patients are followed longer.

The concern about the development of post treatment acute leukemia in
Hodgkin's disease patients is legitimate. However, a close analysis of the data
(5-7) will reveal that while intensive combined modality treatment may be
associated with a higher incidence of secondary acute leukemia than either
modality alone, the incidence is highest in patients who receive the intensive
modalities separated by considerable time (months or years) and receive both
modalities when suffering from active Hodgkin's disease. Thus, the treatment
situation most likely to result in secondary acute leukemia is initial intensive
extended field radiotherapy followed by combination chemotherapy for relapse in
the future, i.e. salvage therapy.

It should be emphasized at this point that even when one takes into
consideration deaths from acute leukemia and other causes, and the success of
combination chemotherapy for radiotherapy failure, the overall results are better
in both the Stanford and Baltimore NCI study for patients initially treated with
combined modality therapy compared to radiation therapy alone (1,2). As might
have been suspected all along, it is probably better to remain free of Hodgkin's
disease than to relapse with it.

How then does one explain the fact that in the Stanford study there is little
overall survival difference between the combined modality and radiotherapy
alone groups? Many of the patients in that study had prednisone omitted from
the adjuvant chemotherapy which may have rendered that therapy less effective
than MOPP (8). Two combined modality patients of 116 in the last Stanford
report were found to have diffuse histiocytic lymphoma at autopsy and an
additional 10 patients who died had no evidence of Hodgkin's disease at death (1).
The inclusion of these 12 patients in the analysis of the data allows for the most
conservative interpretation of the data but may not allow for a proper answer to
the question of how to treat Hodgkin's disease. Furthermore, the Stanford
reports are composite reports encompassing several similar studies. New
patients have been entered over long periods of time. The constant infusion of

new patients into the survival curves resulting from these studies tends to
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minimize the differences in the tails of the curves. This difficulty might be
overcome by applying log-rank analysis to the data (9).

Finally, differences between the Stanford data and our own might be
accounted for by different proportions of subgroups of patients in the two
studies. We reported that patients with limited extranodal extension of
Hodgkin's disease into lung tissue (Stages IlAE, IIBE, IIIAE) have a very poor
prognosis after radiotherapy alone but not after combined modality treatment
(10,11). The high relapse rate of such patients was confirmed by Torti, et al (12)
but they again found no survival advantage for the combined modality group.
Others (13), however, have reported that patients with large mediastinal masses
do more poorly than similarly staged patients without large mediastinal masses
when treatment consists of -radiotherapy alone, and others (14,15) have indicated
that combined modality treatment is more successful in such patients. Since
most patients with E stage of the lung have large mediastinal masses (11), it is
likely that we and others (13-15) have identified a similar group of patients with
a high likelihood of relapse and eventual death from Hodgkin's disease after
initial treatment with radiotherapy alone.

We (16) and others (17,18) have also identified a subset of patients with
Stage IIIA disease with a poor prognosis when initial treatment consists of
radiotherapy alone. Such patients have lower intra-abdominal nodal disease
rather than disease confined within the abdomen to the spleen and/or upper
abdominal nodes. The latter patients (designated IIIIA) have a prognosis similar
to IIA patients without large mediatinal masses or E stage of the lung. Patients
with lower abdominal nodal involvement (designated IIIZA) were reported by us to
fare better with combined modality treatment (16) and a recent cooperative
study performed by our group, Vanderbilt University School of Medicine, the
University of Chicago Cancer Research Center and the Harvard Medical School
has confirmed the superior disease free and total survival for Stage IIIZA patients
treated initially with combined modality treatment (19).

On the basis of the above considerations, the Hodgkin's disease staging
system detailed in Table 1 is proposed. This system groups patients according to
what is likely to be optimal therapy.
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PROPOSED CLASSIFICATION AND TREATMENT RECOMMENDATIONS

OF HODGKIN'S DISEASE

Proposed
New

Stage

Ann Arbor Stage

Recommended

Treatment

II

111

IA, IIA, 1L, A (spleen and/or upper abdom-
inal nodes represent only intra-abdominal
involvement). Patients must have no medi-
astinal mass, or a mediastinal mass >1/3
the diameter of the chest. No E stage of
lung (may be E stage elsewhere, such as
thyroid, bone, etc).

Any I, II, or IIIA patient with E stage of
lung or mediastinal mass >1/3 chest dia-
meter. All IB and IIB. All 1IL,A (lower

abdominal node involvement).

B, IVA, IVB

Extended field
radiotherapy
alone - Pelvic
nodes need not
be treated.%

Extended field
radiotherapy
followed by 6
courses of MOPP.
Pelvic nodes
irradiated only
for IIIZA.

MOPP alone
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COMPLICATIONS OF TREATMENT
Several decades of radiotherapy as the standard treatment for Hodgkin's disease
have allowed the long term observation of many disease free patiénts for long
term complications of treatment. The major complications that have been
observed fall into several categories: endocrine, cardiovascular, pulmonary, and
reproductive.

Endocrine complications

The most significant endocrine complication of radiotherapy for Hodgkin's
disease is hypothyroidism (20). This complication may not develop for many
years after the completion of treatment and usually presents in a subtle fashion.
Chemical evidence of hypothyroidism is found in many patients in the absence of
clinical evidence of the problem. Often chemical evidence of a hypofunctioning
thyroid gland is accompanied by elevated blood TSH levels, a situation known to
facilitate the development of thyroid carcinoma (21). It has been recommended,
therefore, that replacement thyroid hormone be administered to such patients

prophylactically even if no clinical signs of hypothyroidism are present.

Cardiovascular complications

A small but definite fraction of Hodgkin's disease patients who receive
irradiation to the entire cardiac silhouette develop radiation-related pericarditis.
The pericarditis usually spontaneously resolves, but it may occasionally become
chronic and constrictive, and require pericardiectomy (22). In addition, reports
of relatively young patients with Hodgkin's disease treated with radiotherapy
subsequently dying of myocardial infarction have begun to appear (23). At
autopsy, coronary artery intimal proliferation consistent with radiation damage

has been determined to be the cause of the coronary occlusion in some cases (23).

Pulmonary complications

Most patients who have received mediastinal irradiation for large mediastinal
masses have some permanent evidence of minimal to moderate pulmonary
fibrosis on subsequent chest radiographs (24). While few patients have clinically
evident pulmonary dysfunction associated with irradiation, prospective long term
studies of pulmonary function in such patients have only recently been reported.
do Pico et al (25) reported that in the year following upper mantle radiation
therapy, signiﬁcant declines in diffusing capacity for carbon monoxide, vital

capacity, and inspiratory capacity usually occur. While these changes were
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transient and subclinical in most cases, in some they were prolonged, severe, and

rarely fatal.

Reproductive dysfunction

Many patients who undergo pelvic irradiation for Hodgkin's disease, especially
women, are rendered sterile by the treatment. While oophoropexy performed at
staging laparotomy has reduced the incidence of female sterility (26), a
significant incidence of sterility and menstrual dysfunction which tends to

remain permanent is still observed.

Combination chemotherapy sequelae

The toxic effects of combination chemotherapy tend to be acute and to resolve
with time. While many patients of both sexes are temporarily rendered sterile by
MOPP chemotherapy, recent evidence documents that many such patients regain
fertility months to years after the cessation of therapy (2,27). The incidence of
second malignancies in patients so treated appears to be no greater than those
observed with radiotherapy alone (28).

THOUGHTS FOR THE FUTURE
MOPP combination chemotherapy has been eminently successful in advanced
Hodgkin's disease (29), especially in patients without symptoms (30). The above
toxicity considerations coupled with the fact that radiotherapy alone is relatively
poor treatment for certain subgroups of patients with early stage Hodgkin's
disease dictate that alternate treatments for early stage disease be explored.
The augmentation of results achieved in early stage disease by combined
modality therapy provides evidence for the activity of MOPP combination
chemotherapy in Hodgkin's disease confined primarily to lymph nodes. It is,
therefore, appropriate to ask whether the superior results achieved with
combined modality treatment compared to radiotherapy alone might be achieved
with MOPP chemotherapy alone. Some pilot data attest to the efficacy of MOPP
chemotherapy alone in early stage Hodgkin's disease. Ziegler and associates
were able to achieve results comparable to radiotherapy in African children with
early stage Hodgkin's disease using MOPP alone (31). In addition, the NCI
experience with Stage IIIA disease treated with MOPP alone (30) is identical to
that of others using combined modality therapy. We have recently demonstrated
in a prospective, randomized trial that the complete response rate in patients

with early stage disease is identical with combined modality therapy or MOPP
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alone (32). It is too early to evaluate remission duration differences, if any, in
that study, however.

While MOPP chemotherapy may conceivably be proven to be optimal
therapy for some patients with early stage Hodgkin's disease there are reasons to
believe that combined modality treatment may ultimately prove to be optimal
treatment for many. There is some evidence that nodular sclerosing Hodgkin's
disease responds less well to chemotherapy than other histologic types (30).
There is also evidence that patients wtih symptoms ascribable to Hodgkin's
disease are less well treated with chemotherapy than asymptomatic patients (30).
Therefore, early stage patients with symptoms ("B" disease) may fare better with
combined modality treatment. There is some evidence that this is true for Stage
IIIB patients (Ann Arbor Classification) (33). Finally, most tumors that are
responsive to chemotherapy demonstrate an inverse relationship between bulk
and response completeness and duration. This observation suggests that patients
with large mediastinal masses may not do well with drugs alone.

The investigation of the treatment problems discussed above may
ultimately lead to more precise and effective treatment for Hodgkin's disease by

maximizing response rates and minimizing long term complications.
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THE ROLE OF RADIATION THERAPY IN THE MANAGEMENT
OF CANCER OF THE HEAD AND NECK
Ralph M. Scott
Department of Radiation Therapy
University of Maryland Hospital

Baltimore, Maryland

INTRODUCTION

The role of radiotherapy in the management of cancer of the head and neck has
undergone significant changes in the past decade promising to bring better
recovery and survival. Largely, these changes have resulted from a better
understanding of the response of normal tissue and tumors to ionizing irradiation
and the increased awareness of the value of a multidisciplinary approach to the
management of patients suffering from these diseases. Surgery and radiotherapy
remain as the potentially curative methods available in the management of head
and neck cancer, but chemotherapy is assuming an increasingly important role.
In most sites stage I and stage II disease will yield to surgical excision or
irradiation in an equally high percentage of cases, the treatment advantage going
to the method resulting in the best cosmetic and functional result.

THERAPEUTIC ALTERNATIVES ACCORDING TO SITE

Oral Cavity

Small primary tumors in the oral cavity can be irradiated or resected
successfully with little cosmetic or functional loss. More extensive disease
usually is best managed by combined treatment consisting of surgery and
preoperative or postoperative irradiation. This is especially true where bone
involvement is present, since this predisposes to failure and an increased number
of complications. Radical neck dissection or neck irradiation is always a
consideration, and these methods may be complementary. When radical neck
dissection is done and there are positive nodes in the histological specimen,
recurrence rates exceed 50%, but this drops to less than 10% with preoperative
or postoperative irradiation pointing out the value of combined modality
treatment.

Paranasal Sinuses
Even in the early stages, cancer of the paranasal sinus is seldom seen without
bone involvement, and combined modality treatment is usually most effective in

patients with this disease. Small residual foci of cancer in bone is a common
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postoperative finding. When irradiating this site, inclusion of the ipsilateral eye
in the beam is often necessary after irradiation. Orbital exenteration may be
advisable since the sight usually will be lost due to cataract formation, and the
eye will be subject to other problems including corneal ulceration, cataracts, and

retinal damage.

Nasopharynx

In nasopharyngeal cancers, anatomic considerations dictate treatment by
irradiation including the primary site and nodes. Because of the proximity to the
base of the skull and its frequent involvement by tumor, plus the inaccessibility
of the retropharyngeal nodes, surgical excision is not feasible and irradiation is

needed for local control.

Oropharynx

Anatomic factors at this site also dispose for irradiation of early oropharyngeal
cancer cases. Cure rates for irradiation are comparable to those obtained by
surgery, and the functional impairment is usually less with the former treatment.
Combined irradiation and surgery is better for the late stage cases where either
modality alone is likely to fail. Nodal metastases are common from these sites

and must always be considered in the treatment plan.

Hypopharynx
In hypopharyngeal cancer, pharyngolaryngectomy or irradiation alone have high

local failure rates. Surgical removal, combined with preoperative or post-
operative irradiation, gives the best results. Nodal metastases are very common
in these patients and, even if not clinically evident, elective treatment of the

neck is indicated to treat the microdeposits of tumor.

Glottis

In both glottic and supraglottic cancer, irradiation, by virtue of its lesser
morbidity, is best in early stage disease. In subglottic tumors or glottic tumors
with subglottic extension, combined surgery and irradiation is more likely to
succeed. Advanced glottic and supraglottic tumors call for a total laryngectomy

combined with irradiation which should include the neck nodes.
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Salivary Glands
The treatment of salivary gland tumors is primarily surgical. Radiotherapy is

indicated for residual or recurrent disease where it may improve salvage rates or

attempt to control inoperable disease.

Other General Approaches

Chemotherapy may be of value in any of these tumor sites and has been
particularly applied in late stage disease. Recently it has been applied earlier
where it may be useful in controlling the primary disease prior to irradiation or
against potential or actual distant spread. Immuno-stimulation is being explored,

and it too may assume a significant role.

EQUIPMENT FOR RADIOTHERAPY
The multiplicity of anatomic sites of origin and pathological conditions
encountered in the head and neck region call for a full range of radiotherapy
equipment, including orthovoltage, often with peroral cones, interstitial implants
using radium or other radionuclides, megavoltage or gamma ray external beam
therapy, and electron beam therapy. Newer methods of irradiation with neutron
beams, negative pi mesons and other particulate irradiation with their potential
radiobiological and/or physical advantages may prove to have a place. With the
aid of simulators and computers, treatment planning and dosimetry have become

more precise, and CAT scanners may add to this precision.

FACTORS DETERMINING RESPONSE TO RADIOTHERAPY

Anoxia

In the 1950's, some very significant findings influenced our concepts of
radiosensitivity. First, Read (1, 2) found that radiation sensitivity depended upon
the presence of molecular oxygen in the tissues. Tomlinson and Gray (3) then
established that there are foci of necrosis in tumors resulting from anoxia.
Following this came the work of Puck and Marcus (4) on survival curves of
irradiated mammalian cells showing an exponential relationship between survival
and dose. Present concepts of radiosensitivity largely have evolved from these
discoveries.

Approaches to deal with the anoxia problem have included the use of
irradiation under hyperbaric oxygenation, the use of high linear energy transfer
(LET), particle irradiation, the use of anoxic sensitizers, and hyperthermia. The
irradiation of patients in hyperbaric oxygen has had a fair trial and has not

proved to be of significant value. Clinical trials with neutron beam irradiation,
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which has a low oxygen enhancement ratio, have been underway for some time.
In addition to the reduced oxygen-dependence with these and other high LET
particles, there is also a decreased variation in response through the cell cycle
and a lessened capacity for repair of cellular damage. Catteral (5) reports
increasing rates of control using this method. Investigators in this country have
met with less success; but so far, all their neutron beam therapy has been done
on physics-oriented cyclotrons under less than optimal clinical conditions.
Hospital based, medically dedicated units are planned and merit a trial.
Negative pi mesons and heavy ions have possible dosimetric and radiobiological
advantages, but are tremendously expensive to produce and, as yet, are not ready
for routine clinical use.

The use of anoxic sensitizers is being explored. These compounds share
with oxygen the property of setting the stage for free radical production, and
thus hold the promise of minimizing the oxygen effect and the reason for failure
in the irradiation of hypoxic tumors. They appear promising, but less toxic
derivatives are needed if these agents are to be of significant value.

Hyperthermia as an adjunct to ionizing radiation has considerable promise
and is being investigated. When used alone, it exerts a tumorcidal effect and

appears to have a synergistic effect with irradiation and chemotherapy.

Size and Origin of Tumors

The tissue of origin and tumor size are important factors. In general, the
sensitivity of tumors follows the sensitivity of the tissue from which they
originate. For example, epithelial tumors, including squamous cell carcinomas
and various adenocarcinomas which originate in the glandular tissue in the head
and neck region, are about equal in their responsiveness to irradiation. The
lymphomas are somewhat more sensitive. Size is very significant. Microscopic
foci of disease respond to relatively small doses of radiation, but as tumor size
increases so does the radiation dose required for control. Anoxic components of
the tumors are size-related, in part, making the tumor less responsive to
irradiation. Response of both tumors and normal tissue follows a sigmoid curve.
As applied to human cancer, irradiation is most effective in small tumors. As
tumor volume increases, so does the necessary dose until normal tissue tolerance
is exceeded and complication rates become unacceptable. In some patients, this
may be minimized or avoided in various ways such as decreasing the portal size
as tumor size decreases and the use of interstitial radionuclides and/or small
external field boosting doses to residual foci of disease. This is a common

practice today.
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LOCAL FAILURE OF TREATMENT
Surgical failure of head and neck cancer is usually the result of tumor left at the
resected margins, sub-clinical spread or lymph node metastasis beyond the
surgical field and local or bloodstream seeding by blood vessel invasion, or tumor
manipulation at surgery. When stage IIl and stage IV lesions are surgically
removed, there is a greater than 50% chance of recurrence above the clavical.
Those with nodes not only have a high rate of local recurrence, but a 30-40%
chance of distant metastasis, as well. Radiotherapy fails locally where the dose
required exceeds tissue tolerance and, as with surgery, when there is disease

present beyond the irradiated areas.

COMBINED MODALITY TREATMENT

General Considerations

Until recently, combined modality treatment was not commonly considered.
When surgery or irradiation was chosen, the other modality was usually reserved
for attempted salvage of cases having failed initial treatment. Less than radical
surgery was not acceptable, and the all-or-none concept of radiation dose was
widely held. Nodes were felt to be more resistant than the primary, and
prophylactic neck irradiation was rarely done. The importance of anoxic foci in
tumors as a function of their size, growth rate, tumor characteristics (exophytic
or endophytic), and the tumor bed was not fully appreciated.

In the past, radiotherapists were attracted by chemotherapeutic agents,
which might be synergistic or additive to irradiation, but their value in reducing
tumor volume was not fully appreciated. Distant spread of head and neck cancer
formerly was thought to be rare, and the need for systemic treatment was not
recognized until recently when more late stage disease has been locally
controlled, and distant disease become more evident.

Radiotherapy and Surgery

While surgery or irradiation will usually suffice in early stage disease; in late
cases, the exclusive use of either, alone, often results in local or regional failure.
Evidence has now been accumulated which strongly suggests that combined
modality therapy can improve local control rates and function, and cosmesis as
well. In the past, when preoperative or postoperative irradiation was used, it was
combined with radical surgery. Now it appears that the integration of less
radical surgical procedures with modest doses of irradiation may be better in
some instances, both with regard to increasing survival and decreasing treatment

sequelae and functional deficiencies. This does not mean that the surgical
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procedure should merely remove bulky areas of tumor. It should encompass all
gross tumor at the primary site and remove all nodes which are grossly positive.
The first echelon of lymph nodes for the primary lesion also should be removed,
even though not grossly positive. The dose of irradiation then needed to control
remaining cancer, as discussed, will be lower, reducing the incidence of serious
sequelae.

Indications for combined treatment for primary tumors include those
patients where cure rates by either mode alone are low, in high-grade tumors or
tumors with a high tendency to vascular invasion, patients with known residual
disease after either method of treatment alone, and patients having the
possibility of decreased morbidity by less radical application of surgery and
irradiation.

Indications for combined treatment of nodal metastasis include patients
with multiple nodes, those with nodes larger than 2 cm., those with a high risk

sub-clinical disease, and patients with nodes inaccessible to surgical removal.

Radiation and Chemotherapy

Chemotherapy now may be used before radiation to produce maximal tumor
regression aiding in local control, during irradiation for synergistic or added
effect, and after irradiation for the control of sub-clinical or clinical disease,
both local and distant. With stage IIl and stage IV disease having an instance of
distant metastasis approaching 40%, this is a worthwhile goal. Surgery and
radiotherapy are only local methods of treatment and integration of chemo-
therapy with these has the potential, not only of local benefit, but for controlling
early foci of metastatic disease, as well. Bleomycin, methotrexate, and cis-
platinum have given encouraging preliminary results in this regard and are
discussed by Muggia and Rosenzweig elsewhere in this publication. Randomized

clinical trials are underway to evaluate the integration of these three modalities.

SUMMARY
With surgery, irradiation, and chemotherapy all having a vital role in the
management of patients with cancer of the head and neck, the necessity for a
team approach is apparent. Not only surgical, medical and radiation oncologists
are involved; the team must also include social workers, speech therapists,
maxilofacial prosthodontists, nutritionists, and others. The benefit derived from
such cooperative practice is a major advance in head and neck cancer and will

lead to improved survival, as well as improved cosmesis and function.
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SYSTEMIC CHEMOTHERAPY IN
ADVANCED HEAD AND NECK CANCER
Franco M. Muggia and Marcel Rozencweig

National Cancer Institute
National Institutes of Health
Bethesda, Maryland

INTRODUCTION

The management of head and neck cancer will become an increasingly important
problem for medical oncologists. Currently, chemotherapy is generally employed
for tumors that are beyond the reach of surgery and radiotherapy. However,
although a number of active compounds are available for use, the rapidly
declining performance status of the patients and the lack of clearly evaluable
lesions at this advanced stage of disease often hamper the rational administra-
tion of cytotoxic agents. For these reasons, chemotherapy is likely to become a
common procedure during the initial phases of treatment over the next few
years. As will be pointed out later, trials are already underway to define the role
of chemotherapy under these favorable circumstances, termed the "initial
curative approach".

In this review, we will first discuss published data on single and
combination systemic chemotherapy regimens in the treatment of advanced

disease, and then elaborate on specific areas worthy of further investigation.

SINGLE AGENT CHEMOTHERAPY

The systemic administration of single agents has elicited a wide range of
response rates due, in large part, to variability in patient selection, response
criteria, and methods of data reporting. The most consistent antitumor activity
has been identified for three drugs: methotrexate, bleomycin, and, more
recently, cis-diamminedichloroplatinum (II) (cis-platine). However, the relative
usefulness and specificity for a particular site of origin or histologic type of
squamous cell cancer has not been established for these drugs. With these
limitations in mind, it is worth reviewing in detail the antitumor activity of these
three agents, which form the basis for most chemotherapeutic approaches in
these diseases.

Methotrexate
Methotrexate (MTX) is often referred to as the standard chemotherapeutic agent

for the treatment of advanced squamous cell carcinoma of head and neck origin.
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Since the initial recognition during the 1960's of its activity against these
tumors, the drug has been widely explored with several modes of administration.
Encouraging response rates have been commonly reported in large series using
single intermittent IV treatments (table 1). Thus with weekly doses of 60 mg/mz,
Leone et al (3) obtained an overall response rate of 63% with complete tumor
regressions noted in more than one half of the responders. Of note, the median
response duration achieved in this study was similar for complete and partial

remissions (17 versus 20 weeks).

Table 1. Single agent activity of systemic methotrexate

Dose No of Response rate (%)

Investigator (mg/mz) Schedule Route 5.0 Gyerall Complete
Papac (1) 15% Daily x 5 q 4 wks PO 24 17 -
25% Daily x 5 q % wks IV 23 17 -
Lane (2) 20-50*  q 47 days v 27 52 15
Leone (3) 60 Weekly v 30 63 33
Levitt (4) 80-200 30 hr q 2 wks v 16 ub -
360-1080%* 36-42 hr q 2 wks IV 25 60 -

*
Total dose per treatment

*% .
Leucovorin rescue

More recently, interest in administering high doses of MTX, followed by
citrovorum factor (CF) "rescue", has led to a proliferation of trials including
MTX-CF in a variety of dose schedules. The rationale for clinically investigating
these regimens is derived from experimental findings in the L1210 murine
leukemia suggesting that the therapeutic index of MTX may be improved with
MTX-CF at specified dose sequences (5). Higher doses of MTX could produce
higher intracellular concentrations of free drug resulting in lethality to a larger
number of malignant cells whereas toxic manifestations in normal target tissues
would be safely reversed by selective CF rescue. Furthermore, the use of these
high-dose treatments could increase the likelihood that the drug actually reaches
poorly vascular tumor areas. A number of these high-dose regimens with CF
rescue have, in fact, achieved antitumor activity in head and neck cancer (6).
Unfortunately, this treatment requires considerable experience and expense, and

has not convincingly shown results superior to conventional dose schedules.
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In a randomized study conducted by Levitt et al (4), patients received MTX
alone given at maximally tolerated doses as 30-hr IV infusions or at higher doses
followed by CF rescue and 36- to 42-hr IV infusions. These patients were
unsuitable for radiation therapy or surgery, but none had received prior
chemotherapy. The respective overall response rates were 44% for a median of
12 weeks versus 60% for a median of 11 weeks. Pronounced leukopenia was less
frequently encountered with the high-dose regimen suggesting an improvement in
the therapeutic index of methotrexate with CF rescue. In a large scale trial
carried out by the Eastern Cooperative Oncology Group (7), 243 patients were
randomly allocated to receive weekly MTX (40 mg/mz) or biweekly MTX (240
mg/mz) followed by CF rescue or a 3-drug combination including MTX. The
study protocol called for dose escalation until toxicity or response occurred.
This requirement was actually fulfilled in only 70% of the patients. A
preliminary analysis of the data indicated an overall response rate of 249% among
the 191 evaluated patients with no significant differences in response rate
between the three treatment arms. However, firm conclusion on this trial must
await the publication of the final report.

At this point, the optimum treatment with systemic high-dose MTX has not
been clarified. There is no agreement on the magnitude of the dose or the
duration of the infusion. The most appropriate rescue procedure is another
problem that lacks a definite answer. In any event, the high-dose MTX approach
remains an interesting experimental therapeutic concept, both in terms of
increasing the therapeutic index and overcoming drug resistances to low dose. In
this last respect, MTX is somewhat unique in the ability to safely deliver doses
several logs higher, as long as one manipulates with extreme caution variables
such as time of drug administration until CF rescue, absolute amount given and
intensity of CF rescue.

Bleomycin
The role of bleomycin (BLM) in the treatment of head and neck cancer has been

recently reviewed (8). As a single agent, the drug appears generally less
effective than MTX but probable differences in trial design preclude meaningful
comparisons in nonrandomized studies. The broad range of response rates
reported with bleomycin illustrates the difficulties of accurately assessing the
antitumor activity of cytotoxic agents especially in head and neck cancer. In
large series, bleomycin has elicited response rates varying between 6 and 45%
(table 2). Even with the highest overall figure, complete tumor regressions have

been rarely encountered (9). Most of these data have been obtained in broad
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phase II trials that included patients with undefined prognostic factors or with
far advanced disease no longer suitable for standard therapy. Thus, bleomycin
achieved a 6% overall response rate in a study reported by Durkin et al (14) but
25% of the patients in this study had pulmonary metastases, undoubtedly
reflecting a very advanced stage of disease. In addition, this trial was restricted
to previously treated patients refractory to all conventional treatment modal-
ities, including chemotherapy.

The duration of responses to BLM has generally not exceeded 2-3 months.
This short duration may have, in part, resulted from a selection of a poor risk
population but also could be related to a limited treatment duration because of
the cumulative toxicity of bleomycin.

An optimal mode of administering bleomycin remains to be determined.
The route of administration, IV or IM, and the dose schedules investigated in
large studies do not seem to strikingly influence response, but there is some
suggestion that doses above 10 mg/mz, daily or twice weekly, might be
associated with higher response rates (table 2).

Experience with continuous infusions is presently limited despite a fair
amount of available experimental information. In vitro studies of cell cycle
specificity showed BLM to be most active on cells in mitosis or in G-2 phase (15).
The reported cell cycle time for epidermoid tumors is between 25 and 48 hours
(16). Bleomy¢in may be more effective on cells exposed to it for the duration of
their cell cycle (17). Finally, there is experimental evidence that repeated drug
administration at short intervals, and particularly continuous infusion therapy,
may minimize repair mechanism after BLM-induced DNA damage (18).

Krakoff et al (19) reported the results of a broad phase I-II trial using
continuous infusions of bleomycin at a daily dose of 0.02 to 0.50 mg/kg until
limiting toxicity was apparent. Some of the patients in this trial had previously
been treated with conventional IV push bleomycin. Eleven patients with head and
neck cancer were adequately treated and two achieved partial remissions. Little
information was provided concerning these patients or their treatment and,
despite the relatively unfavorable results, additional studies of this mode of

administration seem warranted in head and neck cancer.

Cis-diamminedichloroplatinum II

The antitumor properties of cis-diamminedichloroplatinum II (DDP) have been
identified by Rosenberg et al (20). Preclinical studies showed that DDP was not
schedule-dependent and exhibited synergism with irradiation and a variety of

anticancer agents (21,22). As with MTX and BLM, its optimal administration is
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actively being explored particularly in patients afflicted with nutritional

deficiencies and poor performance status. In fact, the potential of DDP was not
appreciated until after investigators established that vigorous hydration per-
mitted safe administration of doses that would ordinarily be nephrotoxic (23).
Currently, additional manipulations of dose scheduling are taking place in an
effort to circumvent the noticeable gastrointestinal intolerance of this agent.

DDP appears to have remarkable antitumor activity in head and neck
cancer. The potential of DDP in the chemotherapy of this malignancy has been
suggested by data obtained at Memorial Sloan-Kettering Cancer Center. First
detected in an early clinical trial (24), the activity of the drug was subsequently
documented in a pilot study using high doses of the drug with hyperhydration and
mannitol diuresis (23). Twenty-six patients with far-advanced epidermoid head
and neck cancer were treated with this high-dose regimen (25). All patients had
previous radiotherapy and a majority of them also had surgery and/or
chemotherapy. Two complete remissions for 2+ and 6+ months and 6 partial
remissions for periods ranging from 1 to 8+ months were achieved. These
investigators also explored a simplified weekly regimen (26). The drug was given
at 40 mg/m2 with no prehydration or forced diuresis. Tumor response was seen
in 4 of 13 patients but dose-limiting nephrotoxicity developed in one half of the
patients.

The therapeutic potential of DDP in the treatment of head and neck
carcinoma has been confirmed in two other studies. The Southwest Oncology
Group has developed an outpatient DDP program with monthly courses consisting
of 50 mg/m2 on days 1 and 8 (7). Twenty-six patients were analyzed in a
preliminary report: 5 of these died within one month from tumor progression and
8 of the remaining patients achieved tumor regression. At Stanford, Jacobs et al
used 24-hr infusions at a dose of 80 mg/m2 with vigorous hydration but no
mannitol (28). Of 18 patients, 7 experienced complete or partial remission. This
mode of administration was reported to markedly circumvent the troublesome
gastrointestinal toxicity of the drug.

Additional experience with DDP as single agent chemotherapy will probably
be limited in head and neck cancer. In addition to its intrinsic antitumor effect,
DDP does not produce mucositis and relatively little to moderate drug-induced
myelosuppression is encountered. These features have prompted its rapid

incorporation into combination chemotherapy regimens.
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Other Drugs
Experience with other commercially available agents is quite scanty and has been
essentially compiled from older series by Livingston and Carter (29). Promising
activity was suggested with cyclophosphamide and hydroxyurea but these data
were based on response criteria inappropriate by current standards. More solid
data have been reported with vinblastine (30), but confirmation of these results is
needed. The value of vincristine cannot yet be assessed in view of the limited
information that is presently available (31). This compound has often been
included in combinations based on its lack of hematologic toxicity, the reported
toxicity of vinblastine, and tumor cell kinetic rationale (32). The performance of
adriamycin has been generally disappointing when compared with its striking
antitumor activity against many other malignancies (33-37). Nitrosoureas also
appear poorly active (38).

Additional data are being accumulated with a number of investigational
drugs (38). These results were primarily obtained in broad phase II studies which
limits the conclusions that can be drawn regarding drug activity. Inhibitors of
dihydrofolate reductase, such as DDMP and Baker's antifol, merit further
attention in view of the activity of MTX, the preliminary activity of DDMP (39),
and the potential for activity in MTX-resistant tumors.

COMBINATION CHEMOTHERAPY

At this time, there is little evidence that combination chemotherapy has been
superior to single agents in yielding better or longer responses in advanced head
and neck cancer. In addition, many combinations have been more toxic and less
manageable than single agents in patients at these stages. However, it remains
to be seen whether earlier use of drug treatment and exclusion of agents with
borderline intrinsic activity will lead to more promising combination regimens.
For the sake of brevity, only those regimens including BLM and MTX and the
newer combinations including DDP have been reviewed.

Several 2-drug combinations employing BLM and MTX have been reported
(table 3), but superiority of any of these treatments over each agent given alone
has not been demonstrated. As one might expect, the dose-limiting toxicity is
mucocutaneous. In addition, severe myelosuppression has been encountered,
suggesting more than additive effects on the bone marrow. The incidence of
pulmonary complications has also been higher than usually observed with
bleomycin alone. Experience with sequential administration by Swiss investi-
gators indicated severe myelosuppression when BLM was given at 30 mg twice

weekly (42). At lower doses, on a weekly schedule, the combination was much
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better tolerated, but the favorable response rate was maintained and the
duration of response was 'longer (40).

Several combinations including MTX, BLM, and several additional agents,
exclusive of DDP, have been investigated (table 4). Although the response rates
appear generally higher than achieved with single agents, neither complete
regressions nor response durations are particularly encouraging. Combinations,
including only BLM and MTX, with other drugs, have not looked particularly
impressive either.

Incorporation of DDP into several combinations has followed logically from
its relative lack of myelosuppression and reproducible activity when used alone
(table 5). However, combinations of DDP with MTX or with BLM must take into
account possible compounding of toxicity by altering renal excretion of the latter
two agents. Thus, great care must be taken in any attempts at combination
chemotherapy that included drugs depending on renal excretion. The most
extensive experience with DDP-containing combinations has been obtained by
investigators at Memorial Sloan-Kettering Cancer Center. After a disappointing
initial experience with lower doses of DDP and daily treatments with BLM (55), a
study including 3 mg/kg of DDP followed by bleomycin (0.25 mg/kg/day) by
continuous infusion on day 3 through 10 yielded 4 CR and 4 PR among 21
evaluable patients with no previously treated disease (56). More recently, Hong
et al confirmed this experience in a similar setting and achieved 10 PR in 15
patients treated with an identical schedule (57). Recently, combinations
including conventional dose MTX or HDMTX-CF and BLM-DDP have also been
reported with interesting results. Difficulties in combining all three drugs have
been encountered and some drug-related deaths have been reported with
regimens including HDMTX-CF (63,64).

In conclusion, the exploration of new combinations including DDP appears
warranted, but comparative trials against single agents will be required to

definitely establish that we are not caught up in a wave of false enthusiasm.
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Table 5. Systemic combination chemotherapy including DDP

No. of responses

Treatment Fl,i 21 er?tf s Investigators
All Complete
DDP-BLM 67 30 4 Wittes (55)
Randolph (56)
Hong (57)
Bianco (58)
DDP-ADM 11 5 1 Bonomi (59)
DDP-VCR-BLM 16 6 0 Amer (60)
DDP-VCR-MTX 7 0 Bianco (58)
DDP-BLM-MTX 66 41 7 Kaplan (61)
Caradonna (62)
Elias (63)
Wittes (64)
DDP-BLM-MTX-VLB 21 10 0 Wittes (64)

OTHER AREAS OF INVESTIGATION
Other areas relevant to the systemic therapy of head and neck cancer will be

mentioned briefly, although each is worthy of separate analysis and discussion.

Immunotherapy
Immunotherapy has so far been disappointing in advanced disease patients.

Various studies have included BCG and non-specific stimulation by MER-BCG.
Interest has also developed in intralesional C. parvum.

Intraarterial (IA) Chemotherapy

IA chemotherapy has been extensively used in the past, particularly with MTX
(65). However, little data are available to estimate the role of IA versus
systemic chemotherapy in head and neck cancer since no comparative trial of the
two modalities has been published. Overall, the IA procedure is associated with
significant morbidity and a modest response rate, in spite of the relatively

favorable prognosis of patients selected for this treatment modality. Studies
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with IA bleomycin have been published, but not with particularly striking results.
An EORTC study comparing IA bleomycin and IA MTX is awaiting final analysis.
Studies of other single agents, such as adriamycin and DTIC, given IA, are also in
progress. Experience with drug combinations have also been reported but it is

difficult to assess a distinct advantage over systemic administration.

Combined Radiotherapy and Chemotherapy

This approach has been extensively studied, but its impact has been difficult to
assess (65). A controlled study, combining MTX and irradiation, by the Radiation
Therapy Oncology Group (RTOG), suggested that chemotherapy might decrease
the incidence of distant metastases (66). Favorable experience has also been
reported in controlled studies with 5FU therapy confined to the oral cavity, and
to the maxillary sinus, and in a small study with hydroxyurea in all sites.
Negative experience with all these agents has also been reported. A difficulty in
assessing these studies, of course, is the multitude of sites influencing prognosis
of patients and the variety of local treatment techniques that are included. In
addition, irradiation doses usually must be lowered because of additive toxicities
to normal tissues. For these reasons, and perhaps because of the more
reproducible activity of current chemotherapies, recent trends have favored a

sequential trial design with chemotherapy preceding irradiaiton.

CONCLUSIONS

The role of chemotherapy is becoming better delineated in the treatment of head
and neck cancer, and integration of this modality into initial treatment of the
disease is now being achieved. Accordingly, the National Cancer Institute
recently sponsored a protocol for evaluating the role of chemotherapy given prior
to local interventions in patients with selected stages of the oral and laryngeal
regions. This study with chemotherapy consisting of induction with BLM-DDP
and maintenance DDP will soon be underway.

It is important to re-emphasize that there are many gaps in our knowledge
of chemotherapy in this disease, i.e.,

1. The response rate according to disease site.

2. The relative efficacy of various agents.

3. The relative advantage of combination over single agent chemo-

therapy.
4. The role of specialized techniques such as IA administration, chemo-

immunotherapy, and scheduling of combinations and irradiation.
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The achievements to date should serve as a stimulus for exploring the
chemotherapeutic modality in a variety of clinical circumstances and stages. It
is hoped that current approaches will lead to better local control and
improvement in survival rates. Although not currently within reach, the prospect
of diminishing the disfiguring and disabling impact of radical surgery must be the

ultimate goal of systemic therapy.
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EPIDEMIOLOGY

The incidence of thyroid carcinoma is low with about 8000 new cases per year in
the United States. Worldwide, there is a wide variation among geographic areas
(0.3 to 15 cases per 100,000 population per year) suggesting environmental
influences to be predominant. The incidence among females is higher than for
males, averaging about 3 to 1. The incidence rises steadily with age for males
but rises rapidly in the third decade of life and then stabilizes for females. The
overall sex differential is therefore due to these differences in rates among
young adults. Since about 1940 there has been a trend toward a nearly three-fold
increased incidence, principally among young adults. It is quite possible that this
rising incidence is related to neck irradiation previously administered for benign
conditions (1,2).

PATHOLOGY
Thyroid carcinomas are divided into those arising from the follicular or
parafollicular (C-cells) epithelium (3). Those arising from the follicular
epithelium may be differentiated (papillary, follicular) or undifferentiated
anaplastic carcinoma whereas the parafollicular epithelial carcinomas are usually
moderately well differentiated (medullary).

Designation as follicular carcinoma indicates that only follicular elements
have been identified whereas tumors that are pure papillary or a mixture of
papillary plus follicular elements are placed into the papillary carcinoma group.
As a result, approximately 60% of thyroid carcinomas are classified as papillary
and 20% are follicular, but if one reclassifies tumors based on the predominant
histologic pattern, then the two types will be found in about equal frequency. In
addition, careful review of multiple sections often shows evidence of the

follicular pattern in one area and a papillary pattern elsewhere (4).

Papillary-Follicular

In the "pure" papillary form, there is very indolent growth with initial

spread to the regional nodes, whereas the "pure" follicular carcinomas are more
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likely to show early blood vessel invasion with spread via blood borne metastases
to bone and lung and, more rarely, to the regional nodes. There is a small
proportion of follicular carcinomas that are well encapsulated and only rarely
show vascular invasion; these may be hard to differentiate from the benign
hypercellular fetal adenoma. Microscopic occult papillary carcinoma of the
thyroid is not uncommon when thyroids removed at autopsy are subjected to
multiple sectioning and careful evaluation (5). Similarly, if a total thyroidec-
tomy is performed for a patient with a unilateral thyroid carcinoma, it is not
uncommon to find a microscopic focus of disease in the contralateral lobe.
Nevertheless, the prognosis for treated well differentiated carcinoma of the

thyroid is excellent.

Anaplastic

The anaplastic tumors, unlike the papillary and follicular carcinomas,
usually exhibit rapid growth. About 5% of all thyroid carcinomas are
undifferentiated carcinomas with most being of the anaplastic type. These arise
from differentiated tumors, rapidly destroy the capsule and extend widely into
normal thyroid and surrounding tissues. Vascular invasion and lymphatic invasion
is consistently observed with rapid spread by both the lymphatic and hemato-
genous routes. As a result, these tumors are usually very extensive at the time
of initial diagnosis. The prognosis is dismal with death occurring in a few

months.

Medullary

The tumors arising from the parafollicular or C-cells are the medullary
carcinomas of the thyroid and represent about 5% of all thyroid cancers. This
tumor is unique in its humoral properties, its occasional familial inheritance and
its propensity to occur with other endocrine tumors. It is moderately well
differentiated with a growth potential for spread intermediately between the

papillary-follicular and the anaplastic carcinomas (6-8).

Metastases to Thyroid

Metastases to the thyroid are common with any widespread malignancy but
the tumors which most commonly metastasize to the thyroid are hypernephroma,

and carcinomas of the larynx, esophagus, lung and rectum.



90

Prognostic Factors

The WHO classification of thyroid carcinoma is of prognostic value. In a
series of 964 cases of thyroid cancer followed for 5-30 years, the percent of
patients who had died was 11% with papillary carcinoma, 24% with follicular
carcinoma, 50% with medullary carcinoma, and 90% with undifferentiated
carcinomas (9). Follicular tumors are more frequent in middle and older
individuals and, with their blood borne metastatic potential, it is perhaps not
surprising that prognosis is worse for follicular than for papillary carcinomas.
Since papillary carcinomas metastasize initially to local nodes, the opportunity
for surgical cure is greater. Large differentiated tumors have a poorer prognosis
than small ones, but extension through the thyroid capsule substantially worsens
survival. In one series, for example, a small tumor entirely confined to the
thyroid was associated with only 9% mortality compared to 16% if the tumor
were greater than 4 cm. The mortality increased to 39% when there was any
extraglandular tumor (9). For unclear reasons, age has a marked prognostic
effect with the highest survival being in the youngest and the lowest survival
being in the oldest (10). To summarize, considerable prognostic information can
be derived for a patient with recently identified thyroid carcinoma by
considering the histologic type, tumor size, the presence or absence of capsular
or angioinvasion, multiple foci, nodal or distant metastases, plus the patient's
age.

PATHOGENESIS

Chronic Stimulation

Chronic stimulation of the thyroid by thyroid stimulating hormone (TSH) may
occasionally induce thyroid carcinoma in some animal species. Likewise,
irradiation in doses sufficient to damage but not destroy the gland may induce
occasional tumors. In the rat, a combination of low dose irradiation plus chronic
TSH stimulation (induced by methylthiouracil) will lead to carcinoma in most
animals within about one year (11). Similarly, a chemical carcinogen plus TSH
stimulation in rats will increase the incidence and shorten the latency period.
The mechanism whereby physical or chemical carcinogens plus TSH stimulation
affects neoplasia is not known but a reasonable hypothesis is that the carcinogen
induces a permanent, nonreversible alteration in the thyroid epithelial cell, but
cancer is not expressed in most cases because the mitotic activity of thyroid
tissue is low. The mechanism for tumor induction is presumably that, because

TSH stimulates mitosis, there is an increased likelihood that the irradiation
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altered cells will divide and proceed to tumor development. Although elevated
TSH levels are an important co-factor in the development of thyroid carcinoma
in the rat following moderate dose irradiation, most humans found to have
thyroid carcinoma do not have a concomitant elevation of TSH at the time of
diagnosis (12). It is possible that there are other substances with TSH activity
slightly different from the recognized human TSH which may be capable of
stimulating the thyroid gland and acting as a co-factor toward thyroid carcinoma
when accompanied by prior irradiation. Some patients with thyroid carcinoma
have been found to have a biologically active TSH which is reactive in the
radioimmunoassay for bovine but not human TSH (13).

The only recognized cause of thyroid cancer in humans is irradiation. The
relative risk increased by a factor of 2.5 in individuals with excess alcohol
consumption, perhaps by inducing a state of TSH excess (14). The higher
incidence of carcinoma at younger ages for females compared to males suggests
an additional hormonal feature, perhaps a pituitary hormone or an HCG-like
hormone with some potential to activate TSH binding sites.

Irradiation

Among the survivors of Hiroshima and Nagasaki, a 5 to 9.4 increase in the
relative risk for developing clinically evident thyroid carcinoma has been
detected for those who received 50 or more rads (15). A higher level of
irradiation did not correlate with a higher relative risk, but cases were detected
among those who received lower irradiation doses. The 74 detected tumors have
been predominately papillary forms with follicular elements being uncommon.
No case of anaplastic or medullary carcinoma has occurred. Unlike acute
leukemia which reached a peak incidence by 1951 and has been declining since,
the peak incidence for irradiation-related thyroid carcinoma has probably not yet
been obtained, indicating a very prolonged latency period. As in the general
population, the overall risk has been higher for women than for men.

In 1954, residents of several atolls in the Marshall Islands were exposed to
an average of 335 rads of thyroid-seeking nucleides of iodine as a result of
radioactive fallout from thermonuclear bomb testing over Bikini (16). As of
1976, 40 of 243 exposed Marshallese (16.5%) had developed thyroid nodules. The
occurrence of nodules has been more common in children than adults, females
than males, and there appears to be a dose-response relationship. Among these
40 have been seven documented cases of thyroid cancer with a latency period of
11 to 22 years.
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The risk of developing thyroid adenomas or carcinomas following low dose
radiation therapy was not generally appreciated until recently. There are large
numbers of Americans who were treated with irradiation for enlarged thymus,
hypertrophied tonsils or adenoids, adolescent acne, tinea capitis, cervical
adenitis, pertussis or keloids of the upper torso in the period 1910-1950. The
thyroid had been considered relatively radioresistant and the usual dose of
irradiation utilized for these conditions was low. However, in 1950, Duffy and
Fitzgerald (17) observed that among children with differentiated thyroid
carcinoma, 36% had prior irradiation to the neck area; a similar report came
from Clark (18) in 1955. Multiple reports since that time have documented a
very substantial risk of developing benign or malignant thyroid tumors ten or
more years after childhood neck irradiation. For example, in an evaluation of
100 consecutive adults with a history of irradiation to the neck during childhood,
26 were found to have an abnormality by thyroid palpation (19). Eight of those
15 who had surgery had benign thyroid lesions and 7 had carcinomas. Among
those 7 otherwise asymptomatic individuals found to have cancer, 5 already had
invasive or locally disseminated disease. Thus, the incidence of thyroid
carcinoma in this group is at least 7%. In another survey in which 1560
individuals with a history of childhood neck irradiation were screened with

physical examination and 99m

Te scanning, 20% were found to have abnormalities
sufficient to recommend surgery (20). Similar to the earlier study, this
evaluation found a 7% incidence of detected carcinoma in the total population
screened and a 33% incidence of cancer among those with clinically detectable
lesions. These data interpreted in light of the known extensive use of irradiation
for multiple benign conditions in past years indicates that a very large population
exists who are at high risk for developing thyroid carcinoma. It is therefore
imperative that all patients be questioned about the possibility of prior neck
irradiation. Those with a positive response should have yearly evaluations

including careful neck palpation and possibly 123 I or 99mTe scans to detect
lesions as early as possible. Any recognized abnormalities should prompt open

surgical biopsy with careful extensive review of pathological sections (21).
TREATMENT OF WELL DIFFERENTIATED THYROID CARCINOMAS

Treatment alternatives

The treatment of the well differentiated thyroid carcinomas is controversial.
The major issues are whether a careful removal of all apparent tumor including

neck metastases followed by thyroid hormone suppression of TSH is sufficient for
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most patients with papillary carcinoma or whether a majority of patients should
also be treated postoperatively with radioactive iodine. Among the reasons for
the lack of agreement on the proper approach to these patients are the total
absence of satisfactory controlled trials, a generally excellent prognosis so that
only evaluations comparing many patients will be likely to show differences in
end results and inadequate followup periods for most reports because of the
indolent growth patterns.

With recurrence rates as low as they are for surgery followed with thyroid
hormone even including lobectomy with limited node removal, one can question
whether further aggressive measures should be taken. The excellent longterm
survival of patients with papillary carcinoma following surgery may be
misleading however. Survival need not represent disease-free survival and, since
follow-up of large numbers of patients over long periods has rarely been
achieved, ultimate prognosis especially for young individuals is not entirely clear.
Multiple evaluations do note recurrences with perhaps 20-30% of patients having
recurrences within 15-20 years. This represents a high rate of disease return and
indicates the need for improved therapy.

Surgery versus Surgery + RAI

In 1970, Varma et al (22) reported a comparison between the survival of 263
patients treated with surgery plus radioactive iodine (RAI) from 1947 to 1964 and
50 patients treated with surgery alone from 1933 to 1947. Those with papillary
carcinoma had a 37% death rate in the control group and 9% in the RAI group.
Survival was less satisfactory for follicular carcinoma with death rates of 45%
and 19% for control and RAI groups respectively. Survival for all RAI treated
patients depended upon adequacy of 13 1I uptake ablation. Among 229 patients
with normal scans after 13 ll, the death rate was 3% but rose to 59% for the 34

13 1I dose. These differences

patients with persistent uptake after the last
pertained for both papillary and follicular histology.

Krishnamurthy and Blahd (23) gave RAI after completion of total or
subtotal thyroidectomy and excision of involved cervical lymph nodes to 54
patients. A dose of 75-150 mCi was administered about six weeks postopera-
tively following three daily injections of 10 units of bovine TSH. Patients were
retreated every six months until scans indicated total uptake ablation. All
patients received thyroid hormone replacement. The mean cumulative ablative
dose was 163.4 mCi (range 75-630) but was higher (average 195 mCi) for those
with initial evidence of metastases. None of the 44 patients with papillary or

follicular carcinoma who had total ablation died. Recurrences, based on the
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development of scan abnormalities, occurred in 10 of these 44 patients, but were
more common in those with initial metastases (56%) than those without (25%)
metastases. Not only did follicular and mixed papillary-follicular carcinomas

take up 131

I, but in this series all 24 patients with papillary carcinoma had
uptake and 23 of 24 had total ablation with RAI. There were also a few
undifferentiated (2) and Hurthle cell (2) tumors treated, none of which showed
ablation with all four patients dying of thyroid cancer.

In another series studying only papillary and papillary-follicular carcinoma,
Mazzaferri et al (24) evaluated the results obtained among 576 individuals
treated with or without RAI. Follow-up was from 6 months to 30 years and
averaged 7 years. The recurrence rate and the mortality rate were significantly

lower for patients who received 131

I plus thyroid hormone than for those who
received postoperative thyroid hormone alone, external irradiation or no
adjunctive therapy. Only three (3%) of those (114) treated with RAI and thyroid
hormone had a recurrence whereas there was a four-fold higher recurrence rate
(45 of 414 or 11%) for those who received postoperative thyroid hormone and
there was a 40% (12 of 30) recurrence rate among those patients who received no
postoperative thyroid hormones. As to deaths due to thyroid cancer, none of
those receiving RAI plus thyroid hormone or those receiving thyroid hormone
alone died but 4 or 13% of those with no postoperative therapy died. Among 310
patients with near or total thyroidectomy, the recurrence rate was only 2% (2 of
94) if RAI was administered compared to 8% (17 of 204) if RAI was not given.
For patients with limited thyroid surgery and no RAI, the addition of thyroid
hormone postoperatively reduced recurrences to 15% (12 of 78) compared to 62%
(8 of 13) when no thyroid hormone was given. The following factors were of
independent significance with regard to recurrences: 1) Age - younger patients
had a higher recurrence rate despite a lower death rate, 2) Primary Lesion Size -
the larger the primary lesion, the greater the risk of recurrence, 3) Extent of
Local Invasion - invasion through the thyroid capsule (irrespective of cervical
node metastases which had no prognostic effect) was associated with more
recurrences than those without local tumor extension, 4) Adjunctive Medical
Therapy - as discussed above, the addition of thyroid hormone, RAI or both
reduced recurrences substantially.

Despite the data favoring postoperative radioactive iodine ablation
therapy, there is no data indicating whether it is better to administer RAI to
everyone immediately or to wait and give RAI only should there be a recurrence.
Since one can make some reasonable estimation of prognosis at the time of

initial evaluation, it would seem reasonable to utilize RAI for those patients with
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a large tumor, blood vessel or capsular invasion, node involvement or substantial
follicular elements. In others, surgery alone plus lifelong TSH suppression with
thyroid hormone may be sufficient. All patients require close follow-up since
recurrences may not be apparent for 10, 20 or more years.

CYTOTOXIC DRUG THERAPY

Not all differentiated tumors will incorporate 131

I so that other therapeutic
modalities are indicated for some patients with extensive metastases not
amenable to surgery. There is only limited data available on the effectiveness of
cytotoxic agents for the treatment of thyroid carcinoma. In the review by
Gottlieb et al (25) 55 courses of single or multiple agent chemotherapy were
administered to 37 patients. Partial responses included 3 of 5 patients given
adriamycin, one of 5 given methotrexate, and one of 3 given phenylaline mustard.
There were no other responses including none among those who received 5-
fluorouracil, actinomycin D, cyclophosphamide or various combinations. The
results with adriamycin prompted further evaluation of that drug in a prospective
trial. Of 22 treated patients, 3 achieved a complete remission and 4 had a
partial remission. These responses were notable in that they occurred in patients
with differentiated thyroid cancer, especially among those with oxyphilic
(Hurthle cell) elements but responses were nil in patients with anaplastic
carcinoma. Pulmonary and osseous metastasis responded better than other sites.
Bleomycin was used for 21 patients, most with well differentiated tumors, by
Haroda et al (26) who noted softening or shrinkage of 9 of 11 primary tumor sites
and 25 of the 29 involved nodes which were evaluated. Obviously, further drug

studies are necessary to establish active agents and combinations.

MEDULLARY CARCINOMA OF THE THYROID
Medullary carcinoma was first described in 1959 (27) and, although representing
less than 5% of all thyroid cancers, has been extensively studied because of its
unusual characteristics. Although most of these tumors arise spontaneously, the
familial form with autosomal dominant inheritance is part of the multiple

endocrine adenomatosis syndrome, type II (Sipple's syndrome) (6,7,8).

Sipple's Syndrome
This syndrome has three major components: medullary carcinoma of the

thyroid, pheochromocytoma and parathyroid hyperplasia (28). An individual
patient may have any one, two or all three components. The thyroid and the

adrenal medullary tumors are usually multicentric and frequently bilateral.
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Calcitonin is characteristically secreted by the medullary carcinoma of the
thyroid (29,30) but a substance similar or perhaps identical to calcitonin has been
isolated from the adrenal medulla. Conversely, an adrenomedullary enzyme,
decarboxylase, can occasionally be isolated from medullary thyroid carcinoma
tissue (7). Even in patients who do not have a pheochromocytoma, close
inspection of the adrenal medulla will show hyperplasia in nearly all individuals.
Similarly, close sectioning of an involved resected thyroid will show C-cell
hyperplasia in many areas irrespective of the specific location of one or more
medullary carcinomas. The parathyroids usually do not show adenoma formation
but rather hyperplasia. Thus, each of the three affected organs are involved with
a process of hyperplasia which in two of the three (thyroid and adrenal medulla)
frequently results in adenoma or carcinoma formation. It has been suggested
that the parathyroid hyperplasia is compensation for the effect of the calcitonin
produced by the medullary carcinoma of the thyroid, but some family members
with this syndrome have been found to have elevated serum parathormone levels
prior to the initial elevation of calcitonin indicating that the parathyroid
abnormality is probably part of the primary genetic defect and not simply a

secondary response.

Hormone Abnormalities in Medullary Carcinoma

The hormones secreted by the medullary carcinoma of the thyroid include
calcitonin and histaminase in all patients plus ACTH, prostaglandins and
serotonin in many (6). Calcitonin lowers serum calcium but parathyroid
hyperplasia or adenoma formation with parathormone secretion will maintain a
normal serum calcium level. Basal serum calcitonin levels are usually elevated
irrespective of tumor size. The remaining patients will have an abnormal
elevation of calcitonin following a four hour calcium infusion test. Histaminase
activity is always elevated in resected tumor tissue but may not be elevated in
the serum of patients with localized tumor (7). Histaminase is frequently
elevated, however, in the serum of patients with metastatic disease and follow-
up levels of serum histaminase postoperatively may prove to be a good marker
for the presence or absence of residual disease (7). Prostaglandins, serotonin, or
both may be responsible for the watery diarrhea which occurs in some of these
patients. Finally, the ectopic ACTH syndrome may rarely occur in association
with this tumor (7).
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Patterns of Presentation

Medullary carcinoma of the thyroid, unlike the papillary-follicular carcino-
mas, occurs in either sex with approximately equal frequency and occurs over a
wide age range. The majority of tumors are probably spontaneous in origin but
careful family studies are required for all patients to rule out the possibility of
an autosomal dominant transmitted disease. Some individuals will have mucosal
neuromata, especially of the oral mucosa. This constellation of neuromata and
medullary carcinoma suggests the potential for bilateral pheochromocytoma. A
loose watery diarrhea occurs in about one-third of patients and may be
associated with other symptoms and signs suggesting a carcinoid syndrome.

Medullary carcinoma is usually multicentric in origin and tends to locally
invade early in its development, frequently when the tumor is much smaller than
that which is palpable. It progresses first to local lymph nodes, including early
dissemination to the mediastinum, and concurrently may progress by hemato-
genous dissemination to lung and bone (6). Both primary and metastatic lesions
may calcify and be radiologically demonstrable (6,7). Medullary carcinoma of
the thyroid is usually described as being of intermediate aggressiveness when
scaled between the differentiated carcinomas and the anaplastic carcinomas of
the thyroid. Individual tumors, however, can have widely varying degrees of

growth potential.

Therapy of Medullary Carcinoma

Because of the frequent bilateral involvement, early regional lymph node
involvement and lung and bone involvement, an early aggressive surgical
approach is indicated. In the absence of known metastatic disease, a total
thyroidectomy is indicated. Lobectomy or less than total thyroidectomy has a
high likelihood of leaving behind another focus of tumor. In addition, there
should be dissection of lymph nodes extending substernally into the mediastinum
as far as possible. In one study of the familial disease by Melvin (31), about 50%
of patients had lymph node involvement of the neck when the primary thyroid
tumor was still less than 1 mm. in size. It has not been demonstrated, however,
whether radical neck dissection is of any benefit.

The tumor is not TSH responsive and hence suppressive therapy with

thyroid hormone should not be expected to be beneficial. Likewise, 131

I therapy
will not be useful for either local or metastatic disease. Chemotherapy has also
not been of much value for medullary carcinoma of the thyroid, although

adriamycin has produced occasional responses.
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Spontaneous medullary carcinoma is usually first detected as a thyroid
nodule followed by diagnosis at frozen section during open surgical biopsy. The
surgeon should then complete a total thyroidectomy and a careful lymph node
dissection. Since, at this point, it will not be known if the patient has the
familial syndrome, the parathyroid should be carefully evaluated with removal of
adenomatous tissue. Postoperatively, there should be a search for pheochromoc-

ytoma.

Screening for Medullary Carcinoma

Utilization of radioimmunoassay for detection of calcitonin in family
members of afflicted patients has made screening for medullary carcinoma of
the thyroid a relatively simple procedure. In the initial study by Melvin et al.,
(30) 83 members of a family in whom medullary thyroid carcinoma had been
proven in 7 were studied. Calcitonin was obtained in the basal state and
following a four hour calcium infusion. Medullary thyroid carcinoma was
predicted in 12 of these &3 tested individuals and, at subsequent surgery, all 12
were proven to have disease. Thus, a positive assay correlates closely with the
presence of disease. Since then it has been shown that repeated testing of
individuals on a yearly basis will give early evidence of the present of this tumor
with a high degree of accuracy. Individuals whose calcitonin assay converts from
negative to positive should be subjected to total thyroidectomy. In their most
recent follow-up (32), an additional 21 individuals from this single pedigree, now
numbering 107, have converted from normal to abnormal secretory responses.
Surgery revealed C-cell hyperplasia in 20, plus carcinoma in eight. Unlike the
original 12 patients, none of those eight individuals with recent conversion had
local metastases, the tumor tended to be smaller and all eight were unilateral.
In view of these findings, it is not surprising that the age of detection was
younger (mean age of 15 years) in this group than in the previous twelve (mean
age 36 years) (32).

Before total thyroidectomy, however, the patient should also be screened
for the possibility of pheochromocytoma. The incidence of pheochromocytoma is
high and the anesthesia risks require that this tumor be managed prior to removal
of the medullary carcinoma of the thyroid. @ Pheochromocytomas in this
population almost always occur in the adrenals but frequently are bilateral. As
noted above, careful sectioning of adrenals from these patients even in the
absence of an overt pheochromocytoma will usually show adrenal medullary

hyperplasia.
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To summarize, medullary carcinoma of the thyroid is rare and represents
less than five percent of all thyroid tumors. Although usually sporadic in
occurrence, it can be part of a familial disease associated with pheochromocy-
toma and parathyroid adenoma. It is important to recognize that this is an
aggressive tumor which metastasizes both locally and distantly in its early
stages, that it is usually bilateral and multicentric and therefore, the initial
surgical approach should be aggressive including total thyroidectomy with careful
removal of involved neck nodes. The advent of the radioimmunoassay for
calcitonin will establish the diagnosis preoperatively and, more importantly,
serves as an excellent screening device for families with the multiple endocrine

adenomatosis syndrome.

SUMMARY
Thyroid carcinoma is rare but of increasing public health importance because of
the widespread use of neck irradiation for benign conditions in years past. The
latency period is 10, 20 or more years with, currently, about 7% having
detectable cancer. Most irradiation-related carcinomas are papillary or
papillary-follicular types.

Treatment of the differentiated carcinomas includes careful resection
followed by lifelong TSH suppression with thyroid hormone. Patients with large
tumors, angioinvasion, capsular invasion, local or distant metastases probably
should be treated with radioactive iodine ablation of all remaining iodine
concentrating tissue following total or near total thyroidectomy. Adjunctive
TSH suppression for life is also indicated. Follow-up must be for life with yearly
evaluations.

Recurrent tumors should be treated with radioactive iodine or, perhaps,
cytotoxic agents such as adriamycin. Anaplastic tumors require external beam
irradiation; surgery, radioactive iodine, thyroid hormone and adriamycin are
usually of little or no value.

Medullary carcinoma of the thyroid arises from the parafollicular (C-cells)
epithelium. It is usually spontaneous in occurrence and unicentric. However,
some families have the autosomal dominant multiple endocrine adenomatosis
syndrome II which includes medullary carcinoma of the thyroid, pheochromocy-
toma and parathyroid hyperplasia. Family members should have calcitonin
assays, basal and after calcium infusion, performed at least yearly to detect

medullary thyroid carcinoma while it is still small and localized to the thyroid.
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COMPUTED TOMOGRAPHY IN THE EVALUATION OF
ABDOMINAL MALIGNANCY
David H. Stephens, M.D. and Patrick F. Sheedy, II, M.D.
Department of Diagnostic Radiology
Mayo Clinic
Rochester, Minnesota

INTRODUCTION

Throughout the four years that computed tomography (CT) has been capable of
abdominal examination, a major application of the method has been the
evaluation of patients known or suspected to have abdominal malignancy (1-8).
CT has been especially effective in the detection of neoplasms located in sites
that are least accessible to conventional radiography -- in the solid organs of the
abdomen and in the retroperitoneal space. In addition to permitting the initial
detection of tumors, CT provides clinically useful information about their size,
extent, and effect on neighboring structures. The precise localizing ability of CT
has led to its increased utilization in percutaneous aspiration biopsy of abdominal
masses (9, 10) and in radiation treatment planning (11,12). Particularly relevant
to medical oncology is the ability of CT to detect recurrence of certain tumors
in post-operative patients and to permit accurate assessment of tumor response
in patients who undergo non-surgical therapy.

Although still considered to be in its early stages of development, CT has
undergone rapid technologic advancement since its introduction. Images that
were produced by early scanners already appear primitive by current standards.
Among the many improvements found in newer machines is the ability to perform
a scan in a few seconds, thereby eliminating the artifactual problems caused by
respiratory and peristaltic motion. The latest instruments are capable of
computer reconstructions in the sagittal and coronal planes as well as producing

cross-sectional displays of anatomy.

CLINICAL APPLICATIONS
For convenience, the clinical applications of abdominal CT will be discussed in
the customary manner, organ by organ. This épproach, however, tends to obscure
one of the major advantages of abdominal CT scanning: the information provided
is not limited to a single organ or system (Figure 1). Thus, an examination that is
directed primarily at one organ may reveal related or unexpected abnormalities

at other sites.
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Liver and Biliary Tree

CT may be used either as the initial method to detect hepatic neoplasms or as a
complementary méthod to confirm the presence or clarify the nature of a lesion
detected by another modality (13-19). Radionuclide liver scanning, because it is
highly sensitive, relatively inexpensive, and easily performed, remains the
primary screening examination in most practices (16-18). The initial detection of
hepatic metastases by CT often occurs on examinations that are requested to
evaluate other abdominal organs, as the liver is included in most abdominal CT
studies, whether or not it is the primary organ of interest (Figure 2). When
surgical resection of a known hepatic tumor is being considered, CT, in
conjunction with angiography, provides useful information regarding the precise

location and extent of the lesion.

Figure 2A: Renal cell carcinoma with hepatic metastasis. Large soft tissue
mass (arose) arises from the lateral aspect of the right kidney.
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Figure 2B: Renal cell carcinoma with hepatic metastasis. Scan at higher level
shows solitary metastatic tumor in the right lobe of the liver.

Masses within the liver are detectable when their radiographic densities
differ appreciably from that of the adjacent normal hepatic parenchyma. Most
neoplasms are of slightly diminished radiographic density relative to normal liver
(Figures 2,3). Because of the variation in density among normal livers and among
hepatic tumors, however, occasional tumors are of a density that is indistinguish-
able from normal parenchyma and therefore may escape detection. The use of
intravenous contrast material sometimes permits detection of lesions that cannot
be appreciated on unenhanced scans.

The differential diagnosis of hepatic masses by CT is based on differences
in their radiographic densities and other characteristics. Solid tumors are readily
distinguished from cysts and abscesses. Necrotic tumors may resemble
abscesses, but the differentiation can usually be made with clinical correlation.
Hepatomas and other primary liver neoplasms cannot be differentiated from
metastases on the basis of density alone. Although multiple small tumors are
likely to be metastatic, hepatomas may be multifocal; and, conversely,
metastases may be solitary. In most cases of metastasis, however, the primary

tumor is already known or suspected to be present.
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Figure 3: Liver metastases from carcinoma of the colon. Multiple lesions of
diminished density are distributed throughout the liver. Note opacification of
the stomach with contrast material.

(From MacCarty, RL, DH Stephens, RR Hattery, PF Sheedy, II. Radiol Clin N
Amer 17:137, 1979 with permission)

Because of its ability to display dilated intrahepatic and extrahepatic bile
ducts, CT is a highly accurate method to differentiate obstructive from non-
obstructive jaundice (20). When the biliary obstruction is caused by a neoplasm,

CT often shows the mass lesion as well as the dilated ducts.

Pancreas
Few challenges in radiology have been as perplexing as the diagnosis of
pancreatic cancer. Until the development of modern imaging techniques, the
pancreas itself could not be visualized, and radiologic detection of pancreatic
tumors was dependent for the most part on secondary evidence of the disease.
On properly performed CT examinations, the entire pancreas can be displayed
almost routinely (Figure 1). In most cases of pancreatic cancer, the tumor can
now be detected with little compromise of the patient's safety or comfort.

Most pancreatic carcinomas are of the same radiographic density as the
normal pancreas. Therefore, in order for a solid tumor of the pancreas to be
detected by CT, the mass must either be large enough to alter the contour of the

pancreas or extend beyond the confines of the gland (Figure 4).
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Figure 4: Carcinoma of the pancreas. A large mass (arrows) arises from the
body of the pancreas and obliterates the retropancreatic fat in front of the
aorta.

Enlargement of the pancreatic image usually takes the form of a focal mass.
Neoplastic infiltration into the adjacent tissues is often evident. Zones of
diminished density within a tumor may result from tissue necrosis.

Dilatation of biliary or pancreatic ducts are prominent secondary features
in many patients with cancer of the head of the pancreas. A significant
proportion of patients with carcinoma of the pancreatic head, however, have
obvious masses without clinical jaundice or CT evidence of ductal obstruction.
Other common secondary findings in patients with pancreatic carcinoma include
metastases involving the liver or nearby lymph nodes.

Currently available contrast materials are of limited value in the detection
of pancreatic carcinoma. Some highly vascular islet cell tumors become
opacified with intravenous contrast material, and pancreatic cysts and dilated
ducts may be shown more distinctly after contrast enhancements of the
surrounding parenchyma.

All recent reports of experiences using modern CT equipment indicate CT
to be an accurate method to diagnose pancreatic cancer among symptomatic
patients (21-26). Although tumors that remain confined to the pancreas and are

too small to distort its contour are not likely to be detected, it appears that very
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few persons with such early tumors are symptomatic enough to seek medical
attention.

Even among symptomatic patients, there have been both false negative and
false positive CT diagnoses, though accuracy has improved with technological
improvements and with increased interpreter experience. A cause of false
positive diagnosis of pancreatic cancer is the presence of another mass involving
or immediately adjacent to the pancreas. Pancreatitis occasionally causes focal
enlargement of the gland that is indistinguishable from tumor, and neoplasms
arising from adjacent tissues can blend imperceptibly with the pancreatic image.
Occasional pancreatic CT examinations produce indeterminate results, either
because the organ is not satisfactorily imaged or because the findings are not
definitive. In those cases, information provided by other diagnostic examinations
is essential.

Although CT has become established as an accurate and convenient method
to diagnose or exclude pancreatic cancer, there is little evidence that the
method is likely to alter the distressingly poor prognosis in this condition. By the
time they come to clinical attention, most carcinomas of the pancreas are
beyond the stage at which a cure is possible. However, even though most
pancreatic cancers that are discovered will not be resectable, CT can usually
provide the diagnosis and reveal the extent of the disease early in the work-up
and thereby obviate the need for more complex, more invasive, and often less
informative procedures. When a tumor is shown to be obviously unresectable,
percutaneous aspiration biopsy may circumvent laparotomy. Perhaps of more
practical significance than the detection of pancreatic cancer is its exclusion.
The demonstration of a normal pancreas is itself an important finding, as in most
cases attention can then be directed toward another cause of the patient's

symptoms.

Adrenal Glands

CT is a rapid and reliable method to evaluate the morphology of the adrenal
glands (27-30). With modern CT equipment, the adrenals can be visualized in
almost all adults. CT has become our preferred method to evaluate the adrenal
glands in most patients who have clinical, biochemical or radiographic evidence
of adrenal neoplasms. Because of the small size of normal adrenal glands, very
small tumors, such as aldosterone secreting adenomas, can often be detected.
Most malignant neoplasms are considerably larger and are readily discovered.
Metastatic tumors of the adrenal glands are occasional unexpected findings in

patients being evaluated for other primary neoplasms.
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Kidneys
CT joins other diagnostic imaging procedures as a highly reliable, though not
infallible, method to detect renal neoplasms and differentiate them from benign
cysts (31-34). The characteristics of renal masses are similar to those
demonstrated by ultrasonography, angiography and nephrotomography. A cyst
usually appears as a sharply marginated, homogenous, rounded structure with a
density near that of water; whereas a tumor usually has an indistinct interface
with the renal parenchyma, nonhomogeneous density, and a thick irregular wall
(Figure 2A). The density of a tumor increases after intravenous administration
of contrast material, while the density of a cyst remains essentially unchanged.
In cases of renal carcinoma, CT may demonstrate extrarenal extention of the
tumor or distant metastases.

In our practice, CT has been particularly useful to evaluate patients

suspected to have recurrent tumor following nephrectomy for renal carcinoma
(Figure 5).

Figure 5: Recurrent renal carcinoma. Scan made nine months after right
nephrectomy for renal cell carcinoma shows an extensive recurrent tumor
(arrows) in the right renal bed.
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Abdominal Lymphadenopathy

In order to be detected by CT, diseased abdominal lymph nodes must be
appreciably enlarged. In most cases of retroperitoneal lymphoma, and in many
cases of metastatic lymphadenopathy, the involved nodes are readily detected.
Nodal enlargement is easiest to recognize when it involves the para-aortic nodes,
which are normally well outlined by intraabdominal redundant fat. Lymphaden-
opathy may also be detected within the mesentery and abdominal locations. The
CT appearance of malignant retroperitoneal lymphadenopathy varies from a
small number of discrete enlarged nodes to a more conglomerate group of
contiguous nodes to a large homogeneous confluent mass of nodes that obliterate
the margins of the aorta and vena cava. Although the CT appearance does not
allow differentiation between benign and malignant nodal enlargement, this
limitation is seldom a problem in evaluating a patient with known lymphoma or
pelvic malignancy.

The results of several investigations comparing CT and lymphography are
similar (35-39). Each procedure has it advantages and limitations. Lymphogra-
phy can demonstrate architectural changes in unenlarged nodes that appear
normal on CT scans. Lymphographic patterns may suggest the etiology of
lymphadenopathy, whereas CT demonstrates only nodal enlargement. CT, on the
other hand, often shows the extent of lymphadenopathy to be considerably
greater than is apparent on lymphography. CT displays upper abdominal and
mesentheric modes that are not ordinarily opacified by lymphography (Figure 6).

Also, the condition of other organs of interest, such as spleen and liver, can
be evaluated on CT scans. Furthermore, CT is easily and quickly accomplished
while lymphography can be technically difficult, time consuming, and sometimes
medically contraindicated. An approach to staging lymphoma that is evolving in
some centers is to use CT as the initial modality. If lymphadenopathy is obvious
on CT, the lymphogram can usually be avoided, but if the CT findings are

negative or equivocal, a lymphogram is frequently required.

Other Abdominal Tumors

A variety of malignant neoplasms, mostly sarcomas, arise from the extra-organ
tissues of the abdominal cavity. Many of these tumors occur in the
retroperitoneal space where they may remain clinically obscure until they attain
enormous size. Although conventional radiologic examinations are often of little
value in detecting these tumors, CT provides accurate information regarding

their presence, extent, composition and effect on adjacent structures (40,41).
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Figure 7 - A,B: Retroperitoneal liposarcoma. A. Scan seven months after
resection of right retroperitoneal myxoid liposarcoma and involved right kidney
shows a large recurrent tumor (arrows) in the right retroperitoneal space.
B. Scan six months later, after course of chemotherapy, shows significant
reduction in size of the lesion (arrows).

(Figure 7A from Stephens, DH, PF Sheedy, I, RR Hattery, B Williamson, Jr.
Amer J Roentgenol 129:395, 1977 with permission)
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For patients who receive irradiation or chemotherapy, CT is an excellent method
to monitor the response of these neoplasms (Figure 7).

CT is likewise a method of choice to detect metastases and postoperative
recurrences of tumors in locations, such as the mesentery, omentum, or
abdominal wall, that are not visible on conventional radiographs (41-43). We
have found CT to be especially useful to detect pelvic recurrences of

rectosigmoid carcinoma following abdominoperineal resection (44).

SUMMARY
The role of CT relative to other imaging methods in the diagnosis of abdominal
neoplasms is still under investigation. The relationships of CT to hepatic
scintigraphy and to lymphography have been mentioned and are thoroughly
discussed in other reports (16-18, 20, 35-39, 45, 46).

The relative efficacy of CT and ultrasonography is of particular interest
and is somewhat more difficult to assess. Rapid technological advancements in
both methods have tended to render comparative studies obsolete. Furthermore,
results obtained at one institution are not necessarily applicable to another, as
there are significant variations in methodology, experience, interpreter interest
and patient population among different clinical settings. In our practice, CT has
more consistently provided accurate information in the detection, evaluation and
exclusion of most abdominal neoplasms, but neither method has been clearly
superior to the other in all situations. Each method has its own advantages and
disadvantages, and a variety of practical considerations may make one or the
other the initial method of choice. Because CT and ultrasonography derive their
images from different properties of tissues, their information is often comple-
mentary rather than competitive, and the results of both methods may be needed
(18,26,46,47). Since the most appropriate choice of diagnostic procedures varies
according to individual clinical circumstances, the patient's interests are often

best served by preliminary consultation between the clinician and the radiologist.
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GASTRIC CARCINOMA

Introduction

Cancer of the stomach has been declining in incidence over the past forty years.
Nonetheless, it currently represents the sixth most common cause of cancer
mortality in this country, accounting for 14,000 deaths per year. Greater than
23,000 cases can still be expected to be diagnosed annually (1). Surgical
resection is the primary treatment for gastric cancer and currently is the only
potentially curative therapy for this malignancy. In carcinomas of the antrum or
body of the stomach, subtotal gastrectomy is the usual operative procedure;
whereas, in primary lesions of the cardia, a total gastrectomy and distal
esophagectomy should be performed. The operative mortality is approximately
10% for the subtotal procedure and may be as high as 20% for the total
gastrectomy (2).

Prognostic Determinants

Pathological examination of the surgical specimen is of prognostic value. In
those instances in which there is a small distal lesion with no evidence of
vascular, lymphatic or serosal involvement, patients have approximately a 50%
chance for five year disease free survival. When regional lymph nodes are
involved, the probability of five year survival after surgical resection alone drops
to approximately 15% (2). Linitis plastica also carries a poor prognosis with less
than 10% of patients surviving more than five years. In the United States, the
vast majority of patients with gastric cancer are detected with advanced stages
of disease with an overall five year survival of 7-12% (2). Therefore, many of
these individuals will be candidates for non-surgical modalities of management.
Patients with surgically incurable gastric cancer present two clinical pictures:
(1) unresectable regional progression, or (2) hematogenous metastases to the
liver, lung or bone. Patients with locally advanced disease may be candidates for
regional forms of therapy, such as radiation with or without chemotherapy,
whereas the patients with advanced systemic disease will require systemic
chemotherapy.
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Therapy for Locally Advanced Disease

Radiation Therapy. Radiation therapy alone, in patients with locally

unresectable or recurrent gastric cancer, may be useful for palliation of pain and
obstruction but has not prolonged survival. Investigators at the Mayo Clinic (2),
however, have demonstrated that radiation therapy combined with 5-fluorouracil
can afford these patients a modest (statistically significant) improvement in
survival. Patients received 3750 rads of split course radiation therapy with
either 5-fluorouracil for the first 3 days of each course or intravenous placebo.
Patients treated with the combination of 5-FU and 3750 rads lived for an average
of 14 months, compared to 5.9 months for patients treated with 3750 rads alone
(p=0.05).

Chemotherapy. Recent data suggests that chemotherapy may be at least
as effective as radiation therapy in the management of patients found to have
locally recurrent or unresectable disease. The Gastrointestinal Tumor Study
Group (3) compared chemotherapy with 5-FU and methyl-CCNU to a combined
modality approach in which 500 rads of regional radiation was given in two split
courses with 500 mg/m2 5-FU administered IV on the first 3 days of each
radiation course and then followed by 5-FU and methyl-CCNU. Ninety-six
patients were stratified by histology, location of primary tumor, surgical
resectability and extent of residual tumor prior to randomization. The median
time to disease progression for the group receiving irradiation followed by
chemotherapy was 18 weeks while it was 23 weeks for the group receiving
chemotherapy alone. The median survival differences were significant; 40 weeks
for radiation and chemotherapy compared to 71 weeks for the chemotherapy
group (p=0.005). Furthermore, the radiation therapy group experienced greater
treatment related toxicity; 64% compared to 40% (p=0.05) experienced a greater
reduction in performance status (p=0.06) and had more progressive weight loss
(p=0.05). This study suggests that the major emphasis in treating patients with
locally advanced gastric cancer should now be placed on the use of effective
combination chemotherapy. Therefore, in this subgroup of patients, combination
chemotherapy should now be considered the standard to which innovative forms
of radiation therapy such as high Linear Energy Transfer (LET) therapy and intra-

operative irradiation should be compared.



121

Chemotherapy of Disseminated Disease

General. Many patients with adenocarcinoma of the stomach present with
disseminated disease or develop metastases which make them candidates for
systemic cytotoxic chemotherapy. Table 1 reviews the reported activity of
single agents in gastric cancer. Only those drugs which have undergone Phase II
trial in greater than fifteen patients are included.

Table 1. Single agent activity in gastric cancer
(>15 patients on study)

Drug % Response Reference
5-Fluorouracil 21

Mitomycin-C 20

BCNU 18 10
Methyl-CCNU 8 11
Adriamycin 30 5
Hydroxyurea 19 13
DTIC 13 14
Mechlorethane 13 15
Chlorambucil 17 16

5-Fluorouracil. The most completely evaluated drug is the fluori-
nated pyrimidine, 5-fluorouracil, which has been tested in over four hundred
patients (4,5). The most common reported schedule is the loading course method
in which the drug is administered intravenously for four days followed by half-
doses every other day until toxicity is produced. This is followed by weekly
maintenance therapy or repeated loading courses at monthly intervals. The
overall response rate for patients treated with loading dose 5-FU is 21% (4). A
small number of patients have received weekly intravenous treatment with a
similar response. The median durations of 5-FU response have ranged from three
to six months.

Mitomycin-C. The secondmost actively investigated drug in ad-
vanced gastric cancer has been mitomycin-C (5,6). This antibiotic was first
developed in Japan where clinical trials suggested an overall objective response
rate of 35% (7). The initial experience in the United States showed that

Mitomycin-C, administered on a daily schedule, produced significant and delayed
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myelosuppression with cumulative and persistent injury to the bone marrow (8).
Inadvertent extravasation resulted in a severe inflammatory reaction. Drug-
related deaths occurred in 11% of the patients, and the initial study (8) in this
country documented an objective response rate of only 18%. More recent
experience has shown an overall response rate for mitomycin-C in gastric cancer
of 15-30% (6). There has been renewed enthusiasm for this drug, particularly
with the demonstration that treatment at six to eight week intervals results in

manageable hematological toxicity while retaining therapeutic activity (9).

Nitrosoureas. The chloroethyl-nitrosourea, BCNU, has been actively
investigated for efficacy against advanced gastric cancer (5). Objective
remissions were observed in six of 33 patients treated for a response rate of 18%
with a four month duration of response (10). The methyl-nitrosourea, MeCCNU,

has also been tested and found to have a response rate of 8% (11).

Anthracyclines. The anthracycline antibiotic, adriamycin, a drug
with a wide spectrum of antitumor activity, was found to produce a response rate
of 30% in gastric cancer (5). A recent study by the Gastrointestinal Tumor Study
Group (GITSG) obtained a somewhat lower but appreciable response of 25%. This
drug has been of considerable interest because of its potential use in combination
chemotherapy and data suggesting that adriamycin may have second line
activity. The Eastern Cooperative Oncology Group demonstrated that 19% of
patients who had previously been treated with either 5-FU + mitomycin-C or 5-
FU + methyl-CCNU responded to adriamycin (12). Adriamycin can thus be used

as "salvage" treatment for patients failing primary chemotherapy.

Other Agents. Other single agents including hydroxyurea, DTIC and
a limited number of alkylating agents (13-16) have been reported to have activity
of less than 20% in advanced gastric cancer cases but may be worthy of further
investigation. In general, all single agents used in gastric cancer shared the
disadvantage of low response rates and short duration of response (3-5 months).
For these reasons, single agent chemotherapy tends to be of limited benefit to
the patient. Therefore, polychemotherapy in patients with stomach cancer is

being viewed with increasing interest.

Combination Chemotherapy. Table 2 reviews the combination chemo-

therapeutic regimens that have been tested in 10 or more patients. As can be

seen, the drug combinations use the limited number of individually active agents.



123
Table 2. Combination chemotherapy of gastric cancer
(> 10 patients on study)

Drug Regimen % Response Reference

5-FU + adriamycin + mitomycin-C 50 22
38 23
33 18

5-FU + BCNU 41

5-FU + adriamycin 35

5-FU + mitomycin 34

5-FU + methyl-CCNU 40 11
10 21
24 12
21 17

5-FU + cytosine arabinoside,

mitomycin-C 55 19

38 20
21 21

5-FU + adriamycin + methyl-CCNU 30 18

5-FU - ICRF - 159 + methyl-CCNU 23 18

The most extensively evaluated regimens in the United States have used 5-FU in
combination with either BCNU or methyl-CCNU (10,11).

BCNU + 5-FU. The combination of 5-FU and BCNU was compared to each
drug used as a single agent (10). All drugs were given intravenously as follows:
5-FU alone, 13.5 mg/kg/day for five days; BCNU alone, 50 mg/mZ/day for five
days; and 5-FU + BCNU, 10 mg/kg/day and 40 mg/mzlday for five days
respectively. Objective responses to therapy were 29% for 5-FU alone, 17% for
BCNU alone, and 4#1% for 5-FU + BCNU. Long term survival for the combination
was superior to 5-FU alone and median survival for the combination and 5-FU
alone was significantly better than BCNU alone.

Methyl-CCNU + 5-FU. The Eastern Cooperative Oncology Group has

conducted a controlled randomized trial in advanced gastric cancer comparing
the combination of 5-FU and methyl-CCNU with methyl-CCNU used alone. The
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combination consisted of 5-FU at 300 mg/mzlday intravenously with methyl-
CCNU at 175 mg/m2 given orally on the first day; this regimen was repeated at
seven week intervals. Methyl-CCNU alone was 200 mg/m2 given in a single oral
dose and repeated at seven week intervals. The combination produced a 40%
response rate and was definitely superior to methyl-CCNU alone, which produced
8% response (p=0.05) (11). There was significant survival benefit reported for the
patients treated with the combination. These studies demonstrate an improve-
ment in survival for patients with gastric cancer through the use of chemo-
therapy.

There is a suggestion that the 40% response rate for 5-FU + methyl-CCNU
may not be entirely reproducible. Baker et al (17) for the Southwest Oncology
Group reported a comparison of 5-FU and 5-FU + methyl-CCNU and noted that
the objective response rate in 29 patients with gastric cancer for the
combination was only 20.7%. This was not different from the response rate
produced by 5-FU alone. However, the latter study used 5-FU in a relatively low
dose of 400 mg/m2 IV weekly rather than the IV loading dose as in the previous
studies. Recent results, from a GITSG comparative study of a loading dose of 5-
FU and methyl-CCNU (FuMe) reveals that the combination of 5-FU and methyl-
CCNU produces a response of 10%, whereas the combinations of 5-FU,
adriamycin + mitomycin-C (FAM) or 5-FU, adriamycin + methyl-CCNU (FAMe)
have a response rate of 33% and 30% respectively. The median survival for
FuMe was 23 weeks as compared to that of 29 weeks for FAM and 39 weeks for
FAMe (13).

5-FU, Mitomycin-C and Cytosine Arabinoside. Based upon evidence

of synergism in rodent tumor, the combination of 5-FU, mitomycin-C + cytosine
arabinoside underwent clinical trial in Japan where a 55% response rate was
reported for 27 patients (19). However, in attempts to confirm these data, a
more modest remission rate of 38% was seen in one study (20) and 21% in another
1.

5-FU, Adriamycin and Mitomycin-C (FAM). An evaluation of the combina-

tion of flurouracil, adriamycin and mitomycin-C (FAM) revealed an overall
response rate of 50% in 36 patients with advanced gastric cancer (22). Responses
were seen in both metastatic liver disease and large abdominal masses, and
response of responders was 13 months compared with three months for non-
responders (figure 1).
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FAM CHEMOTHERAPY FOR ADVANCED GASTRIC CANCER

Cumulative Probability of Survival

/Responders

_—Non Response A1l Patients

4 8 12 16 20 24 28 32 36 40
Time in Months

Figure 1: Survival curves comparing responding and non-responding patients

FAM was well tolerated with the major toxicities being moderate myelosuppres-
sion (WBC <1.5 x 103/mm3 in 17% of patients and platelet count <50 x 103/mm3
in 31% of patients). There were no drug related deaths or serious morbidity.

In an updated series of 61 patients (including the above) treated at the
Vincent T. Lombardi Cancer Research Center in collaboration with Professor
Lagarde in Bordeaux and Professor Barron in Paris, 38% achieved a partial
response (23). The median survival has not yet been attained. The FAM regimen
is currently undergoing Phase III trials in the GITSG to define whether this
treatment program is capable of improving survival when compared to other
combination chemotherapy regimens (23). The initial results show a 38%
remission rate with a median survival for FAM treated patients of at least 34
weeks. This median survival is currently superior to 19 week median survival
produced by the other regimen in this study, 5-FU + ICRF-159 + methyl-CCNU
(18).

In earlier trials, 5-FU + adriamycin (24) and 5-FU + mitomycin (12) were
demonstrated to produce response rates of 35% and 34% respectively. Prospec-
tive comparisons of FAM to these regimens are therefore warranted to
determine if the full FAM combination is necessary. Phase III studies of FAM in
advanced gastric cancer have also been initiated by Cancer and Acute Leukemia
Group B, the Southwest Oncology Group and the Eastern Cooperative Oncology
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Group. The results of these group studies will establish the magnitude of activity
for this combination. At this time the data indicate that FAM is an active and

well tolerated regimen for the treatment of stomach cancer.

Future Directions for Gastric Cancer

The documented activity of combination chemotherapy allows two approaches
for the treatment of gastric cancer. First, it is reasonable to test regimens such
as FAM in the therapy of early stages of the disease. Prospectively controlled
surgical adjuvant studies are certainly appropriate. Aggressive combination
chemotherapy could also be applied to patients with locally unresectable disease.
The second approach to be taken in patients with advanced gastric cancer is to
modify the active combinations by either substitution of agents that produce less
toxicities or by the addition of agents having the potential for pharmacologic
synergism with established regimens. Hopefully, such new combinations would
produce more responses and could be applied to improve long term survival from

gastric cancer.
CANCER OF THE PANCREAS

Introduction

Cancer of the pancreas is the second most common gastrointestinal malignancy
and the fourth leading cause of cancer deaths in the United States (25,26). In
spite of advances in diagnostic and surgical techniques, overall survival for
patients with this disease remains dismally low. Surgical resection is still the
only therapy with potential for cure; however, the operative mortality of
resection in recent series exceeds the five year survival rate of less than 4% (27).
More aggressive surgical procedures have only resulted in prohibitive morbidity
(28).

Although many patients will have localized disease at the time of
laparotomy, less than 10 - 15% of such cases will be resectable due to frequent
involvement of regional nodes, as well as important vascular or neural structures
(29,30). Therefore, the vast majority of patients will require some form of
effective postoperative therapy. In locally advanced, non-resectable pancreatic
carcinoma, radiotherapy or combined modality therapy has been the standard
form of management. With metastatic disease that cannot be encompassed by a
reasonable radiation port, systemic chemotherapy will be required. In this
report, we will review and update the available information for management of

"surgically incurable" carcinoma of the pancreas.
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Locally Advanced Carcinoma Of The Pancreas

Interstitial Irradiation. Probably the first treatment of a patient with

pancreatic cancer was by Upcott, who in 1892 reported placing 5 mg of radium
into a cholecystostomy after surgical removal of a carcinoma of the Ampulla of
Vater (31). Thirteen years later, the next patient treated in this manner survived
for twenty months (32). Handley began true interstitial implantation in 1925
(33). Seven patients were treated with doses ranging from 675-1800 mg - hours.
Four died within twenty-five days of surgery; one patient reported palliation of
pain.  Although a few long term survivors were reported, no histologic
confirmation of malignancy was available in these cases. Pack and McNeer
reported the first permanent implantation of gold-filtered radon seeds into three
patients with pancreatic cancer in 1938 (34). Fortner et al (35) in a retrospective

121 o 192 1 appeared as

analysis suggested that interstitial implantation of
effective as external beam in increasing median survival and relieving jaundice.
Eighty percent of patients treated with interstitial irradiation to a tumor dose of
16,000 R obtained relief of pain compared to 62% of those receiving external
beam therapy. The use of interstitial irradiation is currently under further
investigation at the Thomas Jefferson University, Massachusetts General
Hospital and other centers. If these studies prove promising, a prospectively
randomized Phase III study comparing interstitial to external beam radiotherapy

should be encouraged.

External Beam Irradiation. Richards was the first to report on the use of

external beam irradiation for pancreatic cancers (36). Two patients with biopsy-
proven, locally unresectable disease were treated, both experiencing relief of
pain and weight gain. At the time of his report, both patients were clinically
free of disease with good performance status at 10 and 27 months. Moertel and
Childs reported a retrospective analysis of 62 patients with locally unresectable
pancreatic carcinoma treated conventionally to a dose of 3,500 rads (27,38).
They concluded that survival in these patients was not significantly different
from those of the matched untreated "controls." Billingsly et al (39) arrived at
similar conclusions in a retrospective analysis of 13 patients treated with cobalt
therapy in doses ranging from 700-4,000 rads.

Haslam et al (40) treated 29 patients to doses as high as 6,700 rads in 10
weeks in a double split course fashion using 60 Co teletherapy. Many of the
patients ahcieving survival benefit had concurrent chemotherapy. The median
survival of the patients treated with radiation alone was 8 months, while for the

group receiving radiation and chemotherapy, the median survival was 11 months.
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Fifty percent of the patients received good palliative results but morbidity
approached 30%, especially with the combined technique. Dobelbower et al
suggested that even higher doses of radiation, 6,000-7,000 rads, were necessary
to gain control for unresectable primary (41). Survival in Dobelbower's patients
appeared better than those reported by Haslam. However, as in the latter study,
many of the patients also received chemotherapy which appeared to confer an
improved survival (12 vs. 15 months).

Chemotherapy and Radiation Therapy. Chemotherapy, when combined

with radiation therapy, has a proven role in the treatment of the locally
advanced stage of pancreatic cancer. Moertel and co-workers had reported that
the addition of 5-fluorouracil (5-FU) to 3,500-4,000 rads of split course regional
radiation could result in improved patient survival (42,43). 5-fluorouracil was
administered intravenously in daily doses of 15 mg/kg on the first 3 days of the
course of radiation. This was prospectively compared to the same dose of
radiation plus placebo. Sixty-four patients participated in the study, which
demonstrated a statistically improved mean survival in the 5-FU treated group;
10.4 months versus 6.3 months (p=0.05).

In 1974, the GITSG initiated a controlled trial comparing 6000 rads photon
irradiation with 6,000 rads and 5-FU and 4,000 rads and 5-FU for patients with
locally advanced pancreatic cancer (44). The maximum allowable radiation port
was 20 cm x 20 cm. The radiation therapy was delivered in split courses of 2,000
rads in two weeks each separated by a two week rest and recovery interval
(figure 2).

—  — Weekly Maintenance 5FU
:"/m 1 [ I T B R A AR
z — — C—— Weekly Maintenance 5FU
g\\m m m (I O A A |
<
« —/ —/ === No Additional Therapy

t 5 Fluorourocil IV bolus 500rng|/M2 Day1,2,3 of split course
radiation followed by weekly maintenance indefinitely

[/ 2000 Rads radiation dose delivered over 2 week period

=—==1 2000 Rads radiation dose delivered to coned field
incorporating tumor and pancreas only.

Figure 2: Treatment schema for GITSG study comparing radiotherapy alone

with radiotherapy plus 5-FU for unresectable carcinoma of the pancreas.
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5-Fluorouracil was administered intravenously at a dose of 500 mg/m2 on the
first three days of each course of radiation, and continued weekly thereafter
until progression in patients receiving the combined modality. It soon became
apparent that the regimen of 6,000 rads of irradiation was producing a
significantly inferior survival when compared to each of the combined modality
forms of treatment (46). The median time to progression with high dose
irradiation alone was 13 weeks compared to 28 weeks with 4,000 rads plus 5-FU
and 32 weeks with 6,000 rads plus 5-FU. The survivals at that time point in the
study demonstrated an 18 week median for 6,000 rads alone compared to 35
weeks with the two combined approaches (figure 3).

Probability of Survival

Figure 3: Survival curve for patients receiving either 4000R radiotherapy plus
5-FU (A) or 6000R radiotherapy plus 5-FU (B) or radiotherapy alone (C).

The high dose radiation therapy arm was terminated, but the study was
continued for evaluation of the two doses of irradiation combined with 5-FU until
May, 1978. At the same time multivariate analysis of prognostic determinants of
survival were undertaken. An initial poor performance status (ECOG 2-3),
vomiting as a pretreatment symptom, and a tumor with a scirrhous reaction were
found to be significant negative variables. The corrected median survival for
4,000 rads plus 5-FU is 31 weeks, compared to 39 weeks with 6,000 rads and 5-
FU; the difference is close to statistical significance (44).
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It must be acknowledged that this form of therapy, while producing an
improved survival, is not curative. The projected survival at two years is 10% or
less. This study has conclusively demonstrated the importance of 5-FU as an
adjuvant to irradiation. The principal role of this drug in the combined modality
regimen is not fully understood; it may function as radiation sensitizer as well as
a direct acting cytotoxic agent. Nonetheless, 5-FU with 4,000 or 6,000 rads
should be considered standard therapy for locally advanced pancreatic cancer to

which newer forms of management must eventually be compared.

Other Radiation Therapy Approaches. The combination of 5-FU and fast

neutron therapy has been studied at the Vincent T. Lombardi Cancer Research
Center in cooperation with the Mid-Atlantic Neutron Therapy Association. Fast
neutrons have a theoretical advantage over conventional photon therapy in that
they do not require oxygen for effectiveness and thus may be more appropriate
therapy for large, deepseated tumor masses with anoxic centers (46). Seventeen
patients with locally advanced pancreatic carcinoma have been treated with
1,716 rads of 15 MEV fast neutrons with or without 5-FU at 375 mg/m2 to 500
mg/m2 administered daily on the first and last three days of radiation therapy
(47). Thirteen patients had followable disease, and partial responses were
recorded in 6 (46%) with median duration of survival of 13 months (range 6 - 22+)
in responders. The median survival for non-responders was 4 months (range 2-
5+). Of particular note is that 2 of the responders are alive at 22 months and 18
months and the latter patient on re-exploration for gastrointestinal bleeding was
found to have no surgical evidence of residual tumor (unpublished data).

Intraoperative radiation therapy and pi-meson therapy are currently
underway at Howard University and the Northern California Oncology Group
respectively (48). These and other innovative attempts at combined modality
therapy are clearly to be encouraged. Newer radiosensitizers such as
misonidazole with conventional external beam and other forms of irradiation
should be investigated and compared with the combination of 5-FU and
therapeutic radiation to test the role of cytotoxic effect of 5-FU in combined
modality.

Therapy of Advanced Pancreatic Cancer

General. Relatively few anticancer agents have undergone adequate
testing for patients with advanced pancreatic cancer (49-52). Furthermore,
Phase II studies designed to test the activity of new drugs require that the

population studied has measurable disease. This, to date, has not been the case
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in patients with pancreatic carcinoma. The advent of pancreatic sonography and
computed tomography may, however, in part, correct this deficiency. In
addition, the disease frequently leads to rapid debilitation, often accompanied by
severe pain, anorexia, weight loss and malabsorption (51,53). This problem
further contributes to the lack of suitable patients for adequate clinical trials.
Therefore, the majority of patients that fulfill the necessary criteria
usually have massive tumor burden and an extremely poor performance status
accompanied by pain, hepatic dysfunction and cachexia. These patients cannot
tolerate a toxic regimen; they are the worst class of patients in whom to assess

therapeutic effectiveness of a new treatment.

Single Agent Chemotherapy in Pancreatic Cancer. 5-fluorouracil has been

the most extensively studied drug for advanced pancreatic cancer (52). Response
rates have varied between 0 and 67% (54). Carter et al (50) reported a response
rate of 28% in a collective series of 212 patients. More current trials have
reported response rates of approximately 20% (52,53).

Mitomycin-C, a drug first introduced in Japan, has an activity of
approximately 27% in a collective series of patients (50). This drug fell into
disfavor in this country due to severe problems of marrow hypoplasia (56).
However, with more attention to scheduling and dose of the drug, it can be
administered safely as a single agent as well as in combination with other drugs.

The chloroethylnitrosoureas have been tested extensively in pancreatic
cancer at the Mayo Clinic (57) and by the Eastern Cooperative Oncology Group
(58) and have shown a meager 9-13% activity as single agents. Streptozotocin, a
naturally occurring methylnitrosourea is a potent toxin for pancreatic islet Beta
cells in animals. This property has been exploited clinically in the treatment of
islet cell carcinoma (59). Activity in adenocarcinoma of the pancreas as a single
agent is unclear but in small trials it has had objective response rates of 30-50%
(60,61).

The GITSG has tested several agents for single agent activity (62,63).
Adriamycin was found to have a 13% activity in previously untreated patients.
Other agents tested by them and found to have essentially no activity in this
disease include methotrexate, actinomycin-D, ICRF-159, galactitol, a B-
dioxythioguanosine.

Yunis et al (64) tested the sensitivity of two cell lines of pancreatic cancer
(MiA Pa Ca-Z and PANC-1) to L-asparaginase. They found that L-asparaginase
produced significant growth inhibition which appeared to be specific since there

was no effect on human breast cancer and melanoma cell lines. A subsequent
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clinical trial at the University of Miami was disappointing, with no therapeutic
activity demonstrated.

There is little information available in the use of alkylating agents, but a
few small trials have suggested some activity for chlorambucil, Cytoxan, and

mechlorethamine (65-67).

Combination Chemotherapy in Pancreatic Cancer. Kovach (10) and co-

workers randomized 82 patients with advanced pancreatic carcinoma to receive
either 5-FU alone at a dose of 13 mg/kg/day IV x 5 d every 5 weeks, or BCNU at
10 mg/kg/day x 5 days every 5 weeks. A third group of patients received a
combination of 5-FU 10 mg/kg/day and BCNU at a dose of 40 mg/mzlday x5
days every 5 weeks. While BCNU exhibited no activity in the 21 patients treated
and 5-FU had activity of only 16%, the combination surprisingly had a response
rate of 33%. Despite this, there was no survival benefit to this regimen as
compared to the single agent activity.

Waddell (68) employed 5-FU plus daily oral testolactone + spironolactone in
13 patients with advanced pancreatic carcinoma. The median survival of this
group was 21 months. Testolactone was employed because of in-vitro evidence
suggesting it had an inhibiting effect on purine synthesis, thus accounting for the
enhancement in the activity of 5-FU when the lactone was added. In a
prospective randomized trial conducted by the ECOG, however, spironolactone
added nothing to the therapeutic efficacy of 5-FU or 5-FU + streptozotocin (69).

Buroker (70), in a randomized trial employing 5-FU given as a loading dose
by continuous infusion over 5 days in conjunction with either mitomycin-C or
methyl-CCNU, found the regimen of 5-FU and mitomycin-C to have a response
rate of pf 30% as compared to 17% for 5-FU and methyl-CCNU (p=0.03). In this
study, 5-FU was given at a dose of 1000 mg/mZ/day x 5 days every 8 weeks,
mitomycin 20 mg/m2 every 8 weeks or methyl-CCNU 175/mg/m2 every 8 weeks.

In 1974, the Vincent T. Lombardi Cancer Research Center initiated a Phase
II trial of a combination of 3 drugs, which at the time of the study design had
reported single agent activity in pancreatic cancer; streptozotocin, mitomycin-C
and 5-FU (SMF) (71). SMF was administered in 8 week cycles, streptozotocin 1
gm/m2 IV and 5-FU 600mg/m2 on weeks 1,2, 5 and 6, mitomycin-C on week 1
only (table 3); the cycle was repeated on week 9.
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Table 3. SMF for advanced pancreatic carcinoma

_________ Week No. _ _ _ _ _ ______
Drug and Dosage 1 2 3 4 5 6 7 8 9
Streptozotocin

1 gm/m? IV X X X X X
Mitomycin-C

10 mg/m? IV X X
5-Fluorouracil

600 mg/m? IV X X X X X

One of the important innovations incorporated into the regimen was the use of
mitomycin-C by the intermittent schedule. Twenty-three consecutive cases with
advanced measurable pancreatic cancer were entered into this program. Ten of
23 (43%) achieved an objective response with one patient demonstrating a
complete response with regression of biopsy-proven hepatic metastases. The
responders demonstrated a median survival of 10 months as compared to 3

months for the non-responders. This was statistically significant (p=0.01) (figure
4).
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Figure 4: Survival curves for patients treated with SMF for pancreatic carcinoma.
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The median survival of all cases was 6 months. Four of the 23 (17%) cases
studied lived one year or longer. One patient who presented with biopsy-proven
hepatic metastases and achieved a complete response documented by negative
repeated liver biopsies is alive and free of clinical evidence of disease at 3.5
years from initiation of SMF therapy (unpublished data). It is important to
recognize that the median performance status (PS) in this group of patients was
1, that is, symptomatic but ambulatory. Two patients had PS of 3 or were
bedridden for greater than 50% of the time and only 1 patient was 100%
bedridden. Thus, the majority of study cases were of good performance status;
this stands in contrast to other treatment series in which debilitated patients
have predominated.

Aberhalden et al (72) have obtained similar results to the SMF regimen with
the combination of 5-FU (500 mg/mZ/day IV x 5), streptozotocin 300 mg/mZ/day
IV x 5 with mitomycin-C 10 mg/m2 IV administered every 8 weeks. An objective
response was recorded in 5/16 (31%) of patients treated. The 2 drug combination
of 5-FU and streptozotocin obtained a 21% response rate in their series. Thus,
the combination of streptozotocin, mitomycin-C and 5-FU appears to have
enhanced activity in pancreatic cancer and merits comparative study in Phase III
trails in patients with locally unresectable disease. The nausea and vomiting
produced by streptozotocin is a negative aspect of this program, however.

Following the demonstration that adriamycin had independent activity for
advanced pancreatic cancer, the Vincent T. Lombardi Cancer Research Center
initiated a pilot study of the FAM regimen of 5-FU, adriamycin and mitomycin-C
(73). In this regimen (table %), 5-FU is administered intravenously on weeks 1, 2,
5 and 6; adriamycin 30 mg/m2 IV on weeks 1 and 5; and mitomycin-C 10 mg/m2
IV on week 1.

Table 4. The FAM regimen

_________ Week No. _ _ _ _ _ ______
Drug and Dosage 1 2 3 4 5 6 7 8 9
5-Fluorouracil
600 mg/m21V X X X X X
Adriamycin
30 mg/m? 1V X X X

Mitomycin-C
10 mg/m? 1V X X



135
This cycle is repeated on week 9. FAM had been previously tested in patients
with advanced gastric cancer with a remission rate of 50% (22) and in a larger
series of 38% (23). From January, 1977 through July, 1978, 37 patients with
pancreatic cancer have been treated with this regimen. Twenty-five of these
patients with advanced measurable disease are available for response evaluation.
The median performance status in this group of patients was 2 with one-quarter
of the patients having performance status 3. Ten of the 25 patients (40%) have
obtained a partial response with a median survival in excess of 9 months for
responders (p=.01) (73). The median survival for the entire group in this study is
currently being evaluated. On initial evaluation, this regimen produces
appreciably less gastrointestinal toxicity than the SMF combination. A Phase III
evaluation of these two regimens is now in progress in the GITSG and is to be
initiated by the CALGB.

Conclusion

Gastric cancer, although decreasing in incidence in this country, represents an
important neoplasm ranking sixth in cancer mortality statistics. The majority of
patients present with disease warranting systemic therapy. The GITSG study of
locally advanced disease suggests that combination chemotherapy alone is
superior to radiation with chemotherapy and must now be considered the
standard for comparison in Phase III trials in this stage of gastric malignancy.
New combinations such as FAM appear very promising and demonstrate this
tumor to be both responsive and with apparent survival benefit resulting in
responders. This encouraging data warrants the Phase III studies now in progress
and consideration of the use of the combintion in the "adjuvant" setting.

Progress in pancreatic cancer has been less impressive in spite of this
tumor's increasing importance. Its incidence has risen steadily over the past 3 to
4 decades and currently represents the fourth leading cause of cancer deaths in
this country. In locally advanced disease, combined modality therapy with 5-FU
and 4,000 or 6,000 rads is the accepted management, and appear to give the
patient a small survival advantage. Newer forms of radiation such as particulate
irradiation and intraoperative therapy are to be encouraged since the outlook for
these patients remains bleak. There has not been adequate testing of single
agents or combination chemotherapy in patients with advanced disease. Pilot
and Phase II studies with SMF and FAM have appeared encouraging in our hands
with response rates of approximately 40%. Phase III evaluation is needed. It is
imperative to pursue innovative therapeutic courses in these patients to improve
the dismal statistics currently generated for patients with carcinoma of the
pancreas.
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CHEMOTHERAPEUTIC MANAGEMENT OF BLADDER CANCER
Donald J. Higby
Roswell Park Memorial Institute
Buffalo, New York

INTRODUCTION

Transitional cell carcinoma of the urinary bladder is one of the leading causes of
cancer death in the United States. The disease is seen most commonly in older
age groups and shows a preponderance for males (1). Carcinoma of the bladder is
almost certainly produced in the majority of cases by exposure to carcinogenic
substances, as evidenced by the higher frequency noted in patients with urinary
tract obstruction and the increased incidence in aniline dye workers and smokers
(2-4).

The disease on the average tends to be rather slowly progressive as
evidenced by the fact that while the mean age at diagnosis is 63, the mean age at
death is 72 (1,5). Also reflected is the fact that bladder cancer has a
heterogenous course, from the solitary, slowly growing well-differentiated
papillary carcinoma easily treated with fulguration, to the anaplastic tumor
which metastasizes rapidly after discovery (6).

Because the disease is often slowly progressive, tends to spread locally, is
amenable to surgical and radiotherapeutic management in early stages, and
occurs in a population which has a high incidence of other medical disorders, the
evaluation of the role of chemotherapy has been difficult. However, a number of
studies indicate that reasonable chemotherapeutic palliation is possible in

perhaps as many as 50% of patients with advanced disease.

INDICATIONS FOR CHEMOTHERAPY
Chemotherapy for Advanced Disease

In the patient with metastatic, recurrent, or initially inoperable disease,
palliation rather than cure is usually the object of therapy. Since palliation
implies relief from or prevention of symptoms and since chemotherapy known to
be effective in transitional cell carcinoma of the bladder is significantly toxic
and may contribute to the morbidity of the patient, the therapist obviously must
deal with each patient on an individual basis, considering his general state of
health, his ability to tolerate chemotherapy and the very real question as to
whether his inoperable disease is presently impairing his life or causing sufficient
pain to justify the contemplated treatment program. Likewise, it should be

recalled in assessing these patients that radiation therapy for localized, problem-
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causing tumor masses should be utilized when possible in preference to
chemotherapy, since toxicity is less, response is more certain, and duration of
response will in all likelihood be longer (7).

Once a decision is made to employ chemotherapy, the clinician must
continually reassess the patient. Administration of two cycles of an agent or
combination of agents in which toxicity is produced is probably sufficient in most
situations to test whether or not the tumor is sensitive to the drug regimen. In
selecting a subsequent regimen, an agent previously found ineffective in that
patient should not be used a second time on questionable grounds of "synergism",
since the evidence for synergism of drugs in most human tumors is virtually non-
existent (8). One can, however, be certain that toxicity will occur and that
effective doses of the companion agent will, perforce, have to be compromised.

In the event of tumor response or in the face of progressive disease, the
course of further therapeutic manipulations is clear. It is the gray area of
"stable" disease in which the therapist faces serious medical and ethical
treatment decisions when toxicity from the regimen significantly impairs the life
of the patient. In a slowly progressive tumor, to attribute "stability" to the
chemotherapy may be wishful thinking, although many clinicians would continue

therapy on that supposition.

Adjuvant chemotherapy

The indications for chemotherapy are not difficult to determine in an individual
patient with metastatic or inoperable disease, but the use of chemotherapy
regimens for prevention of recurrence is still in question.

Jewitt correlated five year survival after total tumor resection with
histologic and clinical staging (9). In patients having lesions classifiable as Stage
B2 (invasion of deep muscle) or beyond, the likelihood of tumor recurrence in
regional nodes or at distant sites is at least 50%. While judicious postoperative
radiation therapy may reduce the likelihood of recurrence somewhat, the high
incidence of local recurrence in patients treated with radiation alone (7,10)
precludes advocating this routinely as an adjuvant therapy without further
careful study. Chemotherapy as an adjuvant is currently in trial. At the present
time, it is premature to recommend its use routinely, but in view of the
predictability of recurrence in patients with more advanced stages of local
disease after "curative" resection, clinicians are strongly urged to affiliate with
cooperative study groups so that the participation of their patients in such

studies will permit rapid assessment of the value of adjuvant chemotherapy.
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CHEMOTHERAPEUTIC AGENTS USEFUL IN TRANSITIONAL CELL
CARCINOMA OF THE BLADDER

Table 1
DRUGS USEFUL IN TRANSITIONAL
CELL CARCINOMA OF THE BLADDER

Overall Reported

Response Rate

Adriamycin 35%
Cis-platinum 35%
Cyclophosphamide 25-50%
5-fluorouracil 15-25%

Possible Active

Mitomycin C 10-20%
Methotrexate *
Bleomycin ___+
Hydroxyurea +

* .

extremely wide range of reported
response rates.

*insufficient cases reported to estimate

response rates.

Adriamycin
Adriamycin, an antitumor antibiotic, is the single best agent currently available
for transitional cell carcinoma of the bladder. Several carefully performed
clinical trials suggest that the objective tumor response rate is about 35%, with
an additional group of patients exhibiting subjective improvement or stable
disease (21-25). Although responses are short (four to six months on the
average), occasional patients will enjoy prolonged periods of clinical benefit.
Adriamycin is cardiotoxic, exhibits considerable gastrointestinal, mucosal
and hematologic toxicity and also produces alopecia. Given concurrently or
continuously with radiation therapy, it has been known to produce unacceptable
synergistic toxicity. Also, recall reactions in sites of previous irradiation may

produce serious problems.
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A reasonable schedule for adriamycin alone would be 60-80 mg/M2 given
intravenously every three to four weeks. A total dose of 500 mg/M2 should not
be exceeded, as the incidence of clinically significant cardiotoxicity increases to
unacceptable levels beyond that limit. The therapeutic/toxic ratio for
adriamycin seems to be very narrow, and a not uncommonly encountered error in
its use is to administer small, infrequent doses at the level producing no real
toxicity. Conversely, a patient who does not respond to conventional doses of
the agent and has minimal toxicity should be given carefully escalated doses until
moderate transient marrow suppression is achieved, before concluding that the
agent is ineffective. Patients with hepatic impairment sufficient to elevate

bilirubin should be given adriamycin cautiously with appropriate dose adjustment.

Cis-platinum diammine dichloride

Cis-platinum is a new agent which, despite acting as an alkylating agent (26)
shows no cross resistance with conventional alkylating agents in animal systems
(27,28). The agent has a broad spectrum of activity in human tumors and is
particularly effective in embryonal cell carcinoma of the testes (29) and ovarian
carcinoma (30). Although dose-limiting toxicity is renal dysfunction when the
agent is administered as an injection, much larger doses can be administered
when accompanied by large fluid loads and vigorous diuresis. Under such
circumstances, hematologic toxicity may become dose-limiting. In addition, the
agent produces tinnitus and high frequency tone hearing loss, moderate to severe
nausea and vomiting, and occasionally produces neurotoxicity (31,32) and allergic
reactions (33). Like adriamycin, cis-platinum appears to have an overall response
rate in excess of 30% and this may be higher in patients who have previously not
been exposed to chemotherapy (34).

Cis-platinum is a difficult drug to administer and toxicity associated with
the agent is exaggerated in elderly patients. To achieve appropriate plasma and
tissue levels, high-dose regimens with diuresis are preferable. However, this
means that the patient must have an intact cardiovascular system and normally
functioning kidneys to handle the fluid load. Severe nausea, vomiting, and
anorexia may also be unacceptable complications in patients already ravaged by
age and cancer. Thus, while cis-platinum is an effective agent, it is not easy to
use, and patients should probably be hospitalized during and after administration
to assure uneventful hydration and diuresis.

An appropriate dose schedule for cis-platinum used alone would be 60-120
mg/M2 given every four weeks, lower doses being used in older patients and

patients with compromised renal function, previous prolonged aminoglycoside
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therapy, or previous nephrectomy. Prior to administration of the agent, and for
at least six hours afterwards, the urine output should be 100 or more ml per hour.
To achieve this, patients should be prehydrated with large volumes of intravenous
fluid, given furosemide and/or perhaps mannitol (with larger doses). Several
regimens for the administration of cis-platinum with diuresis have been published
(35,36).

Cyclophosphamide

Cyclophosphamide is probably an effective single agent in bladder cancer (18,19),
although there are few easily interpretable clinical trials of this agent in
sufficiently large groups of patients with appropriate attention to stratification
parameters and response reporting. In one study, a 38% complete and partial
response rate was noted (5). On the basis of such data, the agent has been
incorporated into several combination chemotherapy protocols.

Cyclophosphamide is an alkylating agent, the major toxicity of which is
myelosuppression. Hemorrhagic and non-hemorrhagic sterile cystitis are
occasionally serious complications seen most commonly with either prolonged
continuous (daily) therapy or "megadose" infusions. Proper hydration and
attention to adequate urine production should minimize this complication.
Patients receiving cyclophosphamide frequently develop alopecia.

Ironically, this drug has been implicated in the genesis of bladder cancer in
some patients (20) and practicing oncologists should entertain a high degree of
suspicion in the patient on chronic cyclophosphamide therapy with new
complaints of bladder symptomatology.

An appropriate dose schedule for this agent used alone would be 400-1000
mg,/M2 intravenously every three to four weeks.

5-fluorouracil
The status of 5-fluorouracil with respect to bladder cancer is currently in
question. Several clinical trials have been reported, the majority suggesting that
the agent is effective in 15-25% of patients in terms of objective regressions of
disease (11-13). However, some studies have been reported showing an
insignificant response rate (14-16), and in a controlled trial comparing 5-FU to
placebo, no statistically significant differences were seen (17).

The drug is an antimetabolite and the mode of administration which results
in maximal efficacy and minimal toxicity is not known. A reasonable schedule is
15 mg/kg/day intravenously for four to five days, followed by weekly injections

in the same dose range. The drug does suppress the bone marrow, but toxicity to
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the gastrointestinal tract in terms of diarrhea, nausea, mucositis, etc., can be
dose limiting and may become progressively more severe with increasing total
cumulative doses.

Since more effective single agent therapy exists, and since the true
efficacy of the drug is still in question, 5-FU should not be used alone as initial

chemotherapy for bladder cancer.

Other agents
Mitomycin C (37), methotrexate (38), bleomycin (5), hydroxyurea (39) and some

other agents have all been associated with objective responses in transitional cell
carcinoma of the bladder. However, these agents have not been subjected to
adequate trial to permit a realistic assessment of their value relative to their

toxicity.

COMBINATION CHEMOTHERAPY FOR TRANSITIONAL CELL CARCINOMA
OF THE BLADDER

The rationale for combination chemotherapy is well known. Given a tumor in
which there is a heterogenicity of growth cycles, variably developed drug
detoxification systems, different orders of membrane permeability, etc., the use
of two-or more effective agents with differing mechanisms of action is likely to
result in the destruction of a greater amount of tumor than one agent alone. If
the agents used have different toxicity patterns, their combination results in a
useful increase in the therapeutic/toxic ratio.

The combinations shown in Table II are not all-inclusive, but represent
recently performed studies which tend to confirm the hypothesis that multiple
agents used concurrently increase response rates and have acceptable toxicity.
It should be noted that since these studies consist of small numbers of patients, it
cannot be definitively concluded that any of the reported combinations is
superior to the best single agent given appropriately, although the results look
quite promising.

In the chemotherapeutic management of patients with transitional cell
carcinoma of the bladder, it is advisable to use effective combinations initially,
and when these become ineffective, to use single agents. The higher response
rate with combinations is associated with a longer response duration, which
correlates directly with survival. In addition, patients are, as a rule, in better
general condition to tolerate the additional toxicity of a combination earlier in

the course of their illness.
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While large, well controlled group studies will eventually determine optimal
combinations, it would be reasonable in the context of office practice to use a
combination of adriamycin and cyclophosphamide initially, and after disease
progression becomes evident, to use cis-platinum. As indicated above, the role
of 5-fluorouracil is still in question and is not advocated as part of a combination
at this point. On the other hand, there is no good evidence that the addition of
cis-platinum to an adriamycin-cyclophosphamide combination would improve
results sufficiently to justify the greatly added toxicity and the increased
commitment of personnel time, hospital space, etc. required to administer that
agent safely and in effective doses.

CONCLUSIONS AND PROSPECTUS

Systemic chemotherapy for advanced transitional cell carcinoma of the
bladder has only recently begun to be critically examined. It appears that this
disease has the same order of responsiveness as carcinoma of the breast or
carcinoma of the ovary. Although substantial palliative benefit can be offered to
selected patients with advanced disease using currently available drugs and
combination regimens, there is need for development of more effective regimens
and testing of other drugs whose efficacy in the disease is still in some question.
In addition to improving chemotherapeutic regimens, exploration of the role of
chemotherapy as adjuvant to primary management with surgery or radiation
therapy is an urgent project. Well controlled trials, however, are necessary to
determine whether a significant impact on disease recurrence can be achieved by
the addition of chemotherapy to definitive surgical treatment of advanced
localized disease.

The role of chemotherapy in improving the resectability of disease should
also be investigated. Given the response rate and tolerable toxicity of some
combination chemotherapy regimens, this may become an important part of
management.

In summary, transitional cell carcinoma of the bladder which usually begins
unifocally, spreads locally and regionally before systemic spread. It is usually
sensitive to surgery, radiation, and chemotherapy, and should be approached at
every stage of management with a true multi-disciplinary approach.
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MAMMOGRAPHY
Erlinda S. McCrea, M.D.
Department of Radiology

University of Maryland Hospital
Baltimore, Maryland

HISTORICAL PERSPECTIVE

Mammography is the roentgenologic examination of the breast. Today it has a
definite role in the screening, localization and diagnosis of breast cancer. The
purpose of this paper is to review the indications for mammography, the current
doses and risks of various techniques, and the mammographic patterns of breast
cancer and its differential diagnosis. We will also look into the advantages of
needle localization by mammography and the use of specimen radiography.

Salomon (1), a German surgeon, first used roentgenography in 1913 to study
gross mastectomy specimens. In 1930, Warren (2), an American radiologist,
reported on the clinical use of mammography. Over the years since then interest
in mammography has waxed and waned, concomitant with changing and
improving techniques, the changing status of breast cancer management and
results, eventually resulting in better definition of the precise role of
mammography in breast cancer. In 1956, Egan developed a high milliamperage,
low kilovoltage, long exposure-time technique at the M.D. Anderson Hospital,
using industrial grade film (Kodak M), which resulted in a simple and reproducible
mammographic technique with good detail (3). Improvements in this technique,
as well as the evolution of other plain film mammographic techniques continue,
resulting in better imaging of breast tissue and pathology. A further refinement
in technique came about when John Wolfe (4) and John Martin (5) pioneered the
xerographic method which did not come into general use until 1972. Xeroradio-
graphy is the production of an image utilizing a photoconductive surface (a
selenium-coated plate contained in a cassette), electrostatic charges and x-rays.
A pigmented developing powder (blue toner) produces a permanent image on a
sheet of plastic-coated paper for viewing and storage. Xerography has good
resolution capabilities and has the unique property of edge enhancement or "edge
effect". The contrast between differences in tissue density is greatly enhanced
due to the fact that the toner-attracting fields from the electrostatic image are
strongest at such boundaries. As a result, it is considered by many to be the

optimal technique for mammography (6).
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RADIATION DOSAGE
Technique and Dose

With increasing concern about dosages and competition from various manu-
facturers to produce lower dose imaging systems, the emphasis on optimal
mammographic image quality has evolved into the problem of retaining
acceptable image quality while striving for lower doses. Early studies in the
1960's showed exposure doses at skin surfaces as high as 4 to 8 roentgens.
Subsequent improvement in techniques have lowered the doses to the current
doses of 0.4 to 1 roentgen per exposure per breast. Continued improvements
without compromising image quality may hopefully achieve surface doses as low
as 100 milliroentgens per exposure. The current dose per exposure at the skin
surface at our institution is 450 milliroentgens. A complete mammographic
study entails a craniocaudad and a lateral view, with an axillary view being
optional. Following calculations for conversion into rads and amount of filtration
used, the absorbed dose per study equals 80 to 100 millirads at the midplane of
the breast.

Dose and Complications

Since mammography is a diagnostic and screening tool, the question of radiation-
induced complications such as cancer of the breast must be addressed. The
precise hazard of radiation to the breast is still speculative. Data on this subject
have been derived from several sources: animals exhibiting spontaneous breast
neoplasm after various radiation dosages, backward extrapolations made from
individuals exposed at Hiroshima, females treated with radiation for postpartum
mastitis, women irradiated for pulmonary tuberculosis using multiple fluoro-
scopic examinations, etc. These data suggest a linear extrapolation to low
dosages, but this is too simple an explanation when multiple factors, many
unknown, are involved in breast neoplasia. Thus, the issue remains unsettled.
One positive note can be made in this regard. Mammography has been used for
well over 20 years, with much greater doses used in the early years. Yet there is
not one proven case of breast cancer associated with mammography (7).

Let us look at the issue in another way. The age-adjusted incidence for
breast cancer in American women is 70/1000/year or 7%.  Utilizing a single
low-dose mammographic examination, delivery of one rad per breast increases
the lifetime risk of developing breast cancer from 7% to 7.07%. In other words,
it would take 100 mammographic examinations of each breast to change the risk
from 70/1000/year to 70.7/1000/year (7). Therefore, when mammography is
indicated, the risk of possible complications should not deter one from using the

examination.
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INDICATIONS FOR MAMMOGRAPHY

Indications for mammography have varied over the years. It was initially used to

confirm a clinically palpable lesion and to help with staging (e.g., presence or

absence of positive axillary lymph nodes), while its current role is to detect

occult or nonpalpable lesions. Screening programs such as the Health Insurance

Plan of Greater New York (HIP) and the ongoing Breast Cancer Detection

Demonstration Projects (BCDDP) attest to the fact that mammography is of

proven value (8) in at least certain portions of the population.

Indications for Initial Mammography

1.

5.

Preoperative evaluation - Both breasts should be examined, not only to

confirm the clinically palpable lesion but to evaluate the opposite breast

since bilateral and simultaneous cancers occur in 1.7 to 2% of cases,

frequently revealing different histologic types within the same breast (9,10).

High risk patients

a. Nulliparity

b. Late parity (28 years or later) (11)

c. History of breast cancer in immediate family, e.g. sister, mother

d. Prior benign breast surgery - including papillomatosis, ductal thickening
or hyperplasia and cystic disease (9)

Palpable mass or masses - whether biopsy is contemplated or not

Large, difficult-to-examine breasts

Other complaints or physical findings such as ulceration, discharge,

dimpling, nipple retraction or skin thickening

Metastases with an unidentified primary lesion - an occult breast cancer

may be present

Indications for Serial Studies

1.

3.

Prior breast cancer - Examination of the opposite breast is recommended 6
months after surgery for breast cancer and yearly therafter. Up to 16% of
these patients will eventually develop a second primary in the opposite
breast, with half of these occurring within 6 years following mastectomy
(12).

Strong family history of breast cancer

Breast dysplasia, especially those conditions associated with a high risk for
development of cancer

Previous equivocal mammogram

Previous mammoplasty or subcutaneous mastectomy with implant (9)
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Mammography for screening

Screening has been advocated for asymptomatic women over 50 years of age
(9,11,13). Occult cancers found by mammography are potentially curable, since
results of axillary lymph-node biopsy have been negative in 77% of these patients
(9). One-third of these lesions would have been missed if only history and
physical examination had been relied upon (13).

Mammography is most accurate in women 50 years of age and older
because of fatty replacement of breast tissue following menopause, making
masses more readily discernible radiologically. Mammography is less helpful in
women under 35-years of age for two reasons: premenopausal breast tissue shows
a dense mammographic pattern which tends to obscure underlying disease, and
breast cancer has a much lower incidence in women of this age group (9).

According to recent BCDDP reports (8,13), mammography is superior to
physical examination in detecting occult or minimal cancers (less than 1 cm. in
diameter):

mammography 95%

physical examination 33%
Therefore, mammography should be employed whenever a mass is palpable or any
of the high-risk factors exist. Screening programs have been successful in
detecting highly localized disease with over a third of detectable lesions being
noninfiltrating or infiltrating but less than 1 cm. in size and at least 70% having
negative axillary nodes (13).

MAMMOGRAPHIC FEATURES OF BREAST CANCER
The major features of breast cancer are: mass, tumor calcifications and duct

pattern.

Mass

Approximately 80 to 90% of cancers are evident by their mass density (4). The
appearance is variable, ranging from an obvious spiculated scirrhous carcinoma
(figure 1) to a very subtle asymmetric "increased density" in a limited area in one
breast (figure 2). Other forms include nodular, lobulated, smooth, and diffuse as
is seen in inflammatory carcinoma (figure 3).

The spiculation and irregularity of scirrhous tumors reflect the locally
aggressive, infiltrating character of the cancer into the surrounding tissues.
Highly infiltrative carcinomas tend to feel much larger upon clinical examination
than their mammographic dimensions suggest due to the surrounding desmo-
plastic reaction, while well-circumscribed tumors tend to feel almost the same

size as their mammographic images appear (14).
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Figure 1: Scirrhous cancer showing spicu-
lated margins and microcalcifications.
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Figure 2: Bilateral ductal prominence. Asymmetric increased
density in juxtathoracic region of outer quadrant, with slightly
irregular margins (arrows). Proven intraductal carcinoma.
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Figure 3: Diffuse increased density with marked skin thick-
ening. Cluster of calcifications with associated ill-defined
mass density (arrows). Typical inflammatory carcinoma.
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Examples of well-circumscribed carcinomas include colloid (mucinous)
carcinoma (figure #), tubular carcinoma and medullary carcinoma which have a

slower growth and a more favorable prognosis.

Figure 4: Smooth, somewhat lobulated mass suggest-
ing benign lesion proved to be mucinous carcinoma.

In contrast to the infiltrative character of most carcinomas, the great
majority of benign masses such as cysts and fibroadenomas appear pathologically
and mammographically to be more circumscribed and well delineated. However,
the occasionally well-defined tumors such as medullary, colloid and intracystic
carcinomas can resemble benign lesions. It is, therefore, wise to perform
excisional biopsy of solitary masses, especially in women who are at risk for

cancer, regardless of the clinical or mammographic features (14).
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Calcifications
Calcific deposits are seen in both benign and malignant disease. The importance
of those associated with breast cancer cannot be underestimated. They can be
identified in as many as 4#0% of cancers on xerographs and may also provide the
only indication of malignancy in 16% of cases, especially the comedocarcinoma
variety (10). These calcific deposits are small (0.1 to 2 mm.), round, rod-shaped
or lace-like and usually have irregular margins. They are usually clustered with
15 to 20 deposits (figure 5) but can be as few as 2 or 3. They may be grouped
together within the mass or widely separated as in comedocarcinoma ().

Figure 5: Cluster of calcifications posterior and inferior to nipple
without associated mass was proved intraductal cancer (arrows).

Duct Patterns

An asymmetrical collection of ducts in one breast without a similar change in the
opposite breast may be a clue to the presence of a carcinoma. Occasionally,
segmental prominence is another ductal pattern that may be observed mammo-
graphically (10). This finding may be seen in 18% of cases. Recently ductal

patterns and density of the breast have been suggested as being indicative and
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prognostic of malignant and premalignant lesions and this will be discussed by
Wolfe elsewhere in this publication.

DIFFERENTIAL DIAGNOSIS OF BREAST CANCER ON MAMMOGRAPHY
Cysts
These result from localized duct distension, and as further cystic fluid

accumulates, the distended cyst wall creates a smooth, sharp border. This can be
confirmed by aspiration.

Fibroadenoma
This is the commonest, solid, benign tumor of the breast. Fibroadenomas (figure
6) can grow rapidly during adolescence, pregnancy or menopause. They can be

single or multiple. With advancing age, these tumors may degenerate and
undergo coarse calcification.

Figure 6: Multiple fibroadenomas of varying sizes in a 17 year old female.
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Sclerosing adenosis

This is the most common benign disorder which can be incorrectly diagnosed as
malignant by the mammographer. It usually appears as an ill-defined, irregular
or nodular process containing small flecks or calcific deposits. The process is
usually bilateral and symmetrical, but can be asymmetric. When this situation
occurs, particularly when the cluster of calcifications simulates that of

carcinoma, biopsy is mandatory to exclude cancer (14).

Breast abscess
This may cause diffuse thickening of the skin but is more often localized.

Frequently, this disorder may be differentiated from cancer only by biopsy.

Figure 7: Retro-areolar mass with nipple retraction and spiculated
margins suspicious for cancer but proved to be fat necrosis on biopsy
(arrows).
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Fat necrosis

This lesion is a nonsuppurative process that occurs most often in the fatty, large
breasts of middle-aged women and usually results from trauma. The features of
fat necrosis are variable and occasionally may simulate those of carcinoma, with

severe desmoplastic reaction, spiculation and thickening and retraction of
overlying skin (figure 7 - compare with figure 8).

Figure 8: Retro-areolar mass with nipple retraction, irregular margins and
calcifications was proven intraductal carcinoma (see Figure 6).

Metastatic disease to the breast

These lesions are unusual with only 152 reported cases in the world literature
(15). They tend to be painless, discrete lumps that are generally small and single
at the time of discovery. The most common primary sites are: melanoma, lung
cancer (especially the oat cell variety), stomach, ovaries, kidneys and cervix.

Lymphoma and leukemia are another occasional source.
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Biopsy scars
Biopsy scars can create confusion especially when a stellate scar forms,
simulating carcinoma (figure 9). History and physical examination would be
helpful when in doubt.

Figure 9: Upper outer quadrant mass (arrows) with irregular, spiculated
margins and skin retraction suggest cancer. Proven biopsy scar.

MAMMOGRAPHIC NEEDLE LOCALIZATION
As mammographic techniques improve, we are detecting more and more breast
lesions which are radiographically suspicious for carcinoma but too small to be
clinically palpable. Biopsy of these clinically occult lesions can be difficult.
Preoperative mammograms are not reliable for precise location for biopsy, since
the location of the lesion on the mammogram may differ greatly from its actual
location in the breast when the patient is on the operating table (16,17). This
may occur because the breast is a pliable organ; during mammography the breast
is compressed away from the chest wall whereas during surgery it is flattened on
the chest wall and the patient is supine. As a consequence, a "blind" open biopsy
of an occult lesion may completely miss the lesion, requiring extension of the

biopsy, prolonged anesthesia time and increased postsurgical scarring and
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deformity (18). Mammographic needle localization, as the current technique has
evolved, has proved to be the definitive method in precise localization for biopsy
of nonpalpable breast lesions. The goal is the resection of the smallest possible
amount of breast tissue while ensuring that the biopsy contains the suspicious
area. A variety of mammographic localization procedures have been described in
the literature, all of which are highly accurate (16-22). So far, no complications
have been reported. The basic principle in all the described methods is the
percutaneous insertion of a needle into the breast tissue in as close proximity as
is possible to the suspicious area, followed by radiographic verification of the

satisfactory needle position (figure 10). The needle may be left in place after

Figure 10: Nonpalpable mass in outer quadrant localized with needle prior
to surgical biopsy. Proven fibrocystic disease with ductal hyperplasia
(arrows).
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being snugly taped to prevent inadvertent removal while the patient is taken to
the surgical suite. The surgeon then uses the needle as a visual guide to surgical
biopsy. Another approach is to inject dye into the lesion, leaving dye in the
needle tract. The dye tract is then used for visual guidance at biopsy. Biopsy
must be done within 30 minutes to one hour following this maneuver to prevent
significant diffusion of the dye into the surrounding tissues. These procedures
naturally entail close communication and cooperation between the radiologist,
the surgeon and the pathologist (14).

SPECIMEN RADIOGRAPHY
Specimen radiography can be done on the surgical specimen, either following
prior needle localization or "blind" excisional biopsy of a lesion. This is done to
confirm the removal of the suspicious lesion and is particularly helpful when
calcifications are present. This procedure also requires close cooperation
between the mammographer, the surgeon and the pathologist to ensure the rapid
transit of specimens and less extensive surgical procedures.

SUMMARY
Breast carcinoma continues to be a leading cause of morbidity and mortality in
women. Combined physical examination and mammography have proven to be
greatly effective in detecting early breast cancer. An improved salvage rate
does occur following discovery by mammography alone (23). The usefulness of
mammography is directly proportional to the quality of the procedure.

Screening programs such as those conducted by BCDDP in its 29 cancer
screening centers have proven the value of the detection of minimal cancers,
which comprise over a third of the cancers discovered. Mammography is the
primary means of detecting these cancers, especially in women over 50 years of
age and in women whose physical examination is less reliable (23).

Recent reports on low-dose plain film mammographic techniques and
xerographic methods have lowered the surface exposure doses and consequent
midplane absorbed doses in the breast to less than 1 rad per exposure per breast
(24,25). The only controlled study on the risk-benefit analyses of mammography
was in the HIP study, which was conducted in 1963. These findings may not be
applicable to today's methods since they were based on older and higher-dose
techniques. Bailar (26) and Breslow (27) have suggested that the radiation risks
of screening mammography may equal or exceed its benefits. However, they
have based their analyses on the HIP study. No allowance was made for the

differences in x-ray energies and patient age of the high-dose exposure situations
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(Hiroshima victims, multi-fluoroscopic examinations of the chest, etc), as
compared with conventional mammography where they are continually being
monitored to optimize image quality while keeping low-dose exposure rates.

In view of these facts, the routine use of mammogra.phy is felt to be very
beneficial in certain age groups and certainly in high risk patients. There is also
an evolving body of evidence which suggests that mammographic parenchymal
patterns are hylpful in identifying the woman at risk for developing breast

cancer.
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BREAST PARENCHYMAL PATTERNS ON MAMMOGRAPHY
AND THEIR RELATIONSHIP TO CARCINOMA
John N. Wolfe
Hutzel Hospital
Detroit, Michigan

INTRODUCTION
This presentation concerns itself with the problem of identifying the woman at
risk for developing breast cancer by the radiographic appearance of the breast
parenchyma.

It is likely that the radiologist is most qualified to identify women at risk
for developing breast cancer. Work began at Hutzel Hospital in 1964 on breast
parenchymal patterns and their relationship to carcinoma (1,2). It was noted, in
this very early work, that a prominent duct pattern often accompanied a
carcinoma, whether it be a palpable or occult neoplasm. This relationship of a
prominent duct pattern with carcinoma led one to believe that perhaps the
presence of a prominent duct pattern in the absence of identifiable abnormalities
suggestive of carcinoma would indicate that the patient was more likely to
develop the disease sometime later in life,

Several studies have been done at Hutzel Hospital, testing the hypothesis
that breast parenchymal patterns are effective indicators of risk, and in the two
papers published thus far, that would appear to be so (3,4). Other investigators
have looked at this concept. Although some have not found it an effective
indicator of risk, at least in the long term (5,6), the majority of opinion is that
breast parenchymal patterns do provide a relatively good index of risk for
developing breast carcinoma (7,8,9).

Two studies have been done at Hutzel Hospital evaluating breast
parenchymal patterns for delineating a group of women most likely to develop
breast carcinoma (3,4). The method was relatively simple. The mammograms of
a large number of patients were reviewed without knowledge of whether or not
the patient had a breast cancer, or her age or her status as to the usual historical
risk factors, such as parity and family history. Some of the classified cases had
been examined by conventional film mammography and others by xeroradio-

graphy.
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CLASSIFICATION

Based on the experience of the early work at Hutzel Hospital and continued
observations, four classifications were developed. It is likely that the
classification system can be refined further, but the simple division of patients
into one of four groups appeared to be effective. The classifications are as
follows:
N1 The breast was composed almost solely of fat without demonstrable
prominent ducts (figure 1)

Figure 1: NI1--The breast is composed almost solely of fat with a few
trabeculae. No areas of dysplasia or prominent ducts can be identified.
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Pl Prominent ducts were observed, but they occupied less than one-fourth

of the breast (figure 2).

Figure 2: P1--The breast is composed almost solely of fat with the exception of
the definite cordlike and nodular densities seen in the subareolar area. The
degree of involvement is judged to be less than one-fourth of the breast
parenchyma.
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P2 The breast was involved with prominent ducts to a degree greater than
one fourth (figure 3).

Figure 3: P2--There is a very definite cordlike and nodular appearance to
almost all of the breast. This represents severe involvement with a prominent
duct pattern.
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DY The breast contained sheetlike areas of increased density which
radiographically are termed dysplasia and correlates quite well with

what the pathologist will identify as mammary dysplasia (figure 4).

Figure 41 DY--The parenchyma is composed of sheetlike areas of increased
density without the nodularity or linearity as associated with a prominent duct
pattern. it represents dysplastic change and is classified as DY.
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CORRELATION OF CLASSIFICATION AND CANCER

Following the classification of a relatively large number of cases, the names of
the patients were submitted to the local Tumor Registry and it was searched to
find which patients developed or had a breast carcinoma. Some of the women
were traced by direct mailing asking them whether they had had a breast
carcinoma, and if so, at what institution the surgery was performed and the date.

The object of the study and the classification system was to identify
incident breast cancers and it should be stressed that it was not a study of
prevalent breast cancers. As will be seen later, the distribution of parenchymal
patterns between these two groups was different, prevalent versus incident, but
the classification nevertheless was significant in both.

The following qualifications were necessary for inclusion into the study.
The initial radiographic report must have been negative for carcinoma of the
breast. Arbitrarily, any patient who had histologic proof of a breast carcinoma
during an interval from the initial examination to the proof of the existence of a
breast neoplasm within six months was excluded from the study. It was thought
likely that these were merely prevalent breast cancers which escaped detection
by the radiographic examination. There has been no study to affirm that the six-
month interval was correct. Some cutoff point, however, had to be established
and this seemed reasonable.

Table 1 presents the combined data from these first two studies. One
should note there is a stepwise incidence of breast carcinoma occurring in the
four groups, the lowest in N1 and the highest in DY, with P1 and P2 in between.
It was concluded, therefore, that an assessment of the breast parenchymal

pattern was a valuable aide in identifying women at risk.

Table 1
STUDIES 1967-1972

Cases Carcinomas Incidence
Class # % # % %
N1 2751 38.13 4 5.26 0.14
Pl 1820 25.22 7 9.21 0.38
P2 1948 27 .00 34 U4 .73 1.74
DY 695 9.63 31 40.78 3.22

Total 7214 99.98 76 99.98 1.05
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PREVALENT VERSUS INCIDENT CARCINOMAS

Distinction
It is important to distinguish between prevalent and incident breast carcinomas.
For some this distinction may be difficult to comprehend. To illustrate the
distinction, if we examined a large population such as ten thousand women aged
35 and over on one day, whether they were symptomatic or asymptomatic, we
would expect to find at most about ten breast cancers per 1000 women examined.
If we examined this closed group precisely one year later, we would expect the
pickup rate to drop to approximately five breast carcinomas per 1000 women
examined. If we continued to examine them at yearly intervals, there would be a
progressive drop in the rate of pickup of breast carcinomas and one would think
it would eventually stabilize to about two per thousand after three or four yearly
studies. It is this plateau in the number of breast carcinomas which is regarded
as incidence.

To illustrate the difference in classification between prevalent and incident
carcinomas, a study was undertaken to compare what were considered incident
carcinomas and prevalent carcinomas. We found a difference in the risk
classifications between these two groups (10).

The prevalent carcinomas were obtained from the files of Hutzel Hospital.
All patients with carcinoma over a two-year period who had had a preoperative
xeroradiograph of the breast were identified. They had been classified prior to
surgery. As a matching group, a consecutive number of incident carcinomas
found on interval follow-up were compared. The results of this study can be seen
in table 2. The important figure is the distribution of the cases among the
various risk groups. One must recognize that the prevalent carcinomas were
drawn from an unlimited population. The incident carcinomas were drawn from a
closed population, the requirement being they must have had a negative

mammogram at least six months prior to the histologic proof of carcinoma.

Table 2
RISK CLASSIFICATION

Total N1 P1 P2 DY
# # % i % # % it %
Hutzel Cases
(Prevalent) 118 3 2.5 32 27.12 67 56.78 16 13.56
Interval Cases
(Incident) 69 2 1.18 12 7.10 9 58.57 56 33.13

Percentages are rounded to the nearest hundredth.
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Correlation of risk factors and incident carcinoma

If one combines the N1 and P1 as relatively low-risk groups and the P2 and DY as
higher risk groups, we note on the one hand (prevalent) a distribution of
approximately 30 percent/70 percent low risk/high risk. This can be contrasted
with the 8.28 percent/91.70 percent for the incident carcinomas. One could
make a conclusion based on these data that there is a propensity of incident
breast carcinomas to develop in the P2-DY group (high risk) after an initial
negative examination.

One might argue that the incident breast carcinomas are merely missed
carcinomas. Certainly no one knows when a breast carcinoma actually begins. It
is known, however, that the doubling time for the average breast carcinoma is in
the realm of 120 days. One can estimate, therefore, that if on the initial
radiographic study a 0.5 cm. carcinoma were present and not observed that by six
months the carcinoma would be 2 cm. in size and by nine months it would be
4 cm. It is recognized, however, that various individual carcinomas of the breast
grow more quickly than others, and that the numbers for doubling time given
here are averages for all carcinomas, irrespective of their type. Thus, an
important fact to establish is the time interval between the initial radiographic
study and the histologic proof of the incident breast carcinoma. This was not
short--the average for this group of patients was approximately four years and

the median, three years (table 3).

Table 3

TIME BETWEEN FIRST EXAM AND
PROOF OF CARCINOMA

169 Cases
Average 50.6 months
Median 35.0 months

Further evidence that these were not merely missed carcinomas of the breast
can be gained by regarding the status of the axillary lymph nodes at the time of
surgery and contrasting the two groups. One would think that if these were
merely missed breast carcinomas on the initial study, when they were proven
there would be a greater degree of lymph node involvement with metastases than
in the prevalent group, and this is not the case. As one regards table 4, one

should note that there is not a great deal of difference in the number of patients
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with positive axillary nodes between the two groups and the slightly more

favorable number for the incident carcinomas is not statistically significant.

Table 4

AXILLARY NODE STATUS

Total Neg Nodes Pos Nodes

# % # % # %

Hutzel 124 100 7% 62.9 b6  37.1
Interval 144 100 9 68.8 45 31.2

An inspection of table 5, however, reveals a number which is statistically
significant. If we further analyze the patients with positive axillary lymph
nodes, we find that a greater number of patients with prevalent carcinomas have
more than one node positive, compared to the patients with incident carcinomas,
and this comparison is statistically significant. It is concluded, therefore, that
the incident carcinomas are not missed carcinomas in the usual sense, but rather
are, likely, composed primarily of truly incident carcinomas. These are the true

target of any screening study.

Table 5

EXTENT OF AXILLARY METASTASIS

Total 1+ > 1+
# % # % i %
Hutzel 46 100 5 10.9 41 89.1
Interval 45 100 14 31.0 31 69.0

P <0.05

CORRELATION OF PARENCHYMAL PATTERNS WITH HISTOPATHOLOGY
Preliminary correlative studies on the histologic counterpart of the various risk
patterns reveals good agreement between the radiographic indices of risk and
those associated with histopathology (11). This author has been fortunate to
work closely with Dr. S. Robert Wellings of the University of California at Davis.
Dr. Wellings has had long experience in the study of the histopathology of the
breast (12,13,14). The first published material on this work is the result of

Dr. Wellings' reviewing a considerable number of consecutive biopsies done at
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Hutzel Hospital without the knowledge of the radiographic risk classification.
He graded the cases also by the method of Black, et al (15). As one inspects
table 6, one can see that the Nl-radiographic-type breast correlates very well
with what Dr. Wellings regards, based on histologic appearance, as a breast at
exceedingly low risk for developing breast carcinoma. He, too, found a stepwise
progression of the relative risk which correlates very well with the radiographic

indices.

CONCLUSIONS

A fundamental step in the development of any effective attack on the general
female population with the aim of early diagnosis is the identification of the
woman at risk. Breast parenchymal patterns appear to offer the best method
with the knowledge available today. Programs of surveillance could be developed
based on all risk factors, but primarily on the radiographic one, so that we could
space our early detection efforts at different intervals for different groups of
patients. Although the hypothesis has not been tested, one could develop a
reasonable screening study on the basis of the material studied thus far. For
example, women in the Nl category starting at age 35 would be subject to
stringent examination including mammography at perhaps five-year intervals
before the age of 50. This would be contrasted to regimens for women classified
as either P2 or DY for whom the recommendations would be for yearly
mammographic studies until further knowledge can be gained to either shorten or
lengthen the interval time; likely one would find that the interval could be
lengthened slightly.

The correlative work between the radiologist and pathologist at this early
stage is very encouraging and will be pursued further. In addition, further efforts
at refinement of the radiographic risk patterns are currently underway and
should be studied by others. Efforts should also be made to see if the
radiographic risk patterns can be combined with other factors, such as patient's

age, parity and family history to strengthen them.
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INITIAL MANAGEMENT OF CARCINOMA OF THE BREAST WITH
RADIATION THERAPY INSTEAD OF MASTECTOMY
Leonard R. Prosnitz, M.D.

Yale University School of Medicine

New Haven, Connecticut

INTRODUCTION

Cancer of the breast remains the most common form of cancer in women in the
United States, with an estimated 100,000 new cases and 34,000 deaths in 1979. It
is also undoubtedly the most controversial malignancy in terms of its manage-
ment. Historically, attempts to improve the cure rate of this disease have
focused on different approaches to local therapy, such as performing a more
extensive operation or adding radiation to inaccessible lymph nodes. These
attempts have been based on the notion that breast cancer begins as a single
focus and spreads in an orderly fashion to regional lymph nodes before it
disseminates to distant sites.

A large body of evidence, however, recently reviewed by Fisher (1), is
accumulating to refute this concept. It is probable that breast cancer is often
disseminated at the time of presentation; that positive axillary nodes, for
example, are a harbinger of dissemination rather than a localized extension of
cancer which must be eliminated to cure the patient. Data from the National
Surgical Adjuvant Breast Project (NSABP) and from our own institution indicate
that 60-80% of patients with 4 or more axillary nodes involved with cancer will
have relapsed by 5 years (2,3). Attention has therefore shifted to some extent to
the problem of dealing with this dissemination with the use of "adjuvant"
chemotherapy.

Further support for the Fisher thesis comes from a consideration of the
vast numbers of published papers on alternate methods of primary management
of breast cancer. Despite the enthusiasm many authors have for their particular
treatment, survival appears to be about the same no matter what the local
treatment.

Even if survival differences are minimal, the local management of primary
breast cancer is not a trivial issue - ask any woman who has had a breast
removed. If different types of local therapy do not substantially alter the breast
cancer cure rate, it behooves the clinician to use that type of local treatment

that will be associated with the least morbidity and produce the best cosmetic,
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functional, and psychological result. If amputation of the breast can be avoided
by the use of radiation, this is likely to be of great psychological benefit to the
patient.

Data are now accumulating from our own institution, as well as a number
of other centers, that radiation therapy to the intact breast and draining lymph
nodes combined with surgical removal of the mass ("lumpectomy", excisional
biopsy, partial mastectomy) results in a cure rate equivalent to more conven-
tional procedures such as radical or modified radical mastectomy. In the hands
of a skilled radiotherapist using proper equipment, the cosmetic results are
excellent and the overall treatment morbidity minimal.

To understand fully the role of radiation therapy in the treatment of breast
cancer, however, it is first necessary to review some basic radiobiological

principles.

RADIOBIOLOGIC BASIS FOR THERAPY

Radiotherapy is recognized as an effective, curative treatment modality for
many types of cancers, such as cancer of the head and neck or gynecologic
malignancies such as cervical carcinoma. The ability of radiation to cure these
tumors is obviously related to its ability to achieve local control. Doses
necessary for local control are well established for head and neck cancer and
cancer of the cervix. Generally, 6000-7000 rads (1000 rads per week, 5 fractions)
is necessary to control small clinical masses (2-4 cm). Subclinical disease
requires 4500-5000 rads (4).

Radiobiologic data obtained from tissue culture experiments indicate that
the inherent radiosensitivity of most human tumors (both epidermoid and
adenocarcinoma) is about the same (5). There is also a fairly large body of
clinical data obtained from the radiation of advanced unresectable primary
breast cancers, from the treatment of patients postoperatively following
mastectomy and from the irradiation of local recurrences. Radiotherapeutic
control is dependent both on the size of the tumor and the dose of radiation given
with the dose response curve being of the usual sigmoid type. Clinically evident
tumor requires a larger dose than subclinical disease. 3000-3500 rads (200 rads
per fraction) will control 60-70% of subclinical disease, 4000 rads controls 80-
85% and 4500-5000 rads results in local control in over 90% of cases (4). For
small clinical masses (2-4 cm), doses of 6000-7000 rads in 6-7 weeks are
necessary for 90% local control. For larger tumor masses, doses of up to 9000

rads may be required, and even so local control may not be achieved (6). Doses
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of 4000 rads or more can only be given safely with supervoltage equipment - with
orthovoltage, complication rates are unacceptably high.

Large tumor masses are more resistant to radiation, probably because they
contain significant numbers of hypoxic cells. Hypoxia does dramatically alter
the inherent radiosensitivity of cancer cells, making them 2%-3 times less
sensitive to radiation than well oxygenated tumors. In addition, the larger
tumors may be more resistant to radiation simply because of the larger number
of cells contained in them. These simple facts regarding the doses of radiation
necessary for local control have often been ignored in the design of some of the
more prominent and most widely quoted studies into the effects of radiation on
breast cancer.

Historically, the role of radiotherapy in the management of locally
advanced breast cancer and metastatic disease has been recognized for a long
time. As well known a proponent of radical mastectomy as Haagensen stated in
his textbook 20 years ago that patients with any one of five "grave" signs of
disease should not have a mastectomy but have a better survival with
radiotherapy alone (7). Later, Haagensen expanded the group of patients for
whom he did not recommend radical mastectomy to include those women with
clinically small disease but positive biopsies from either the apex of the axilla
and/or the internal mammary lymph nodes. These patients were treated by Ruth
Guttmann with radiation alone with a 30% 5-year survival in advanced disease
(stage I1I) and a 50% 5-year survival in patients rejected for surgery because of
positive node biopsies (8). This rather striking (relative) success of radiation in
advanced disease leads to the question: Why not use radiation in early disease?

Despite the controversy over the effects of postoperative (i.e. post-
mastectomy) irradiation on survival of the patient, there is little doubt that local
recurrence is markedly diminished when radiotherapy is added to surgery. Again,
one must raise the question: If radiotherapy can successfully control disease in
lymph nodes and on the chest wall, why not rely on it to do the same in the
breast itself? It is very instructive to read virtually the same argument
advanced by McWhirter 25 years ago (9).

On theoretic grounds then, radiation should be able to easily kill small
numbers of cancer cells within the breast after the main tumor mass has been
excised. Removal of the lump itself reduces the chance of hypoxic cells being
present and also reduces the dose of radiation necessary for local control with

less likelihood of adverse effects on normal tissue.
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PRINCIPLES OF PRIMARY RADIATION THERAPY

The above biologic information suggests that primary radiotherapy should be
equally effective as surgery for achieving local control of breast cancer,
provided one adheres to a few basic principles. These are as follows:

(1) The gross tumor mass should be excised, reducing the dose of radiation
necessary and in turn leading to a better cosmetic result. Wide local excision is
not necessary; just the lump itself needs to be removed. If the mass is large
relative to the size of the breast itself, then mastectomy may be necessary in
order to comfortably remove the mass, or the cosmetic defect may be large
enough so that preservation of the remaining breast is not worthwhile.

(2) The radiation dose needs to be about 5000 rads to all areas at risk for
subclinical disease. We usually boost the area of the tumor itself with an
additional 1000-1500 rads (either with external beam treatment or by means of a
radioactive implant). Strictly speaking, this boost dose may not be necessary but
can easily be done without adding significantly to morbidity.

(3) The area irradiated should be the entire breast, supraclavicular, axillary
and internal mammary lymph nodes, the radiation equivalent of an extended
radical mastectomy. It is by no means certain that this large a radiation field is
necessary, but this kind of treatment can be done with minimal morbidity and is
conceivably beneficial in terms of survival, although by no means proven.

(#) Supervoltage equipment, careful treatment planning with the use of
wedged fields in order to achieve a uniform dose distribution, careful matching
of adjacent fields to avoid overlap, and avoidance of bolus are all important
technical details to which attention must be paid if one is to get a good cosmetic
result. It must be kept in mind that improvement in appearance and a better
psychological and functional end result is the chief reason for using radiation
instead of surgery and that particular attention must be paid to radiation
technique in order to minimize morbidity. Otherwise, surgery might just as well
be performed.

(5) Obese women and/or those with large, pendulous breasts are often not
suitable for primary radiotherapy, as it is quite difficult to achieve uniform dose
distribution or reproduce the treatment field precisely from day to day. In
addition, larger quantities of fat within the breast tend to result in a greater
amount of fibrosis in the years following treatment. Accordingly, we do not
consider such patients to be suitable candidates for primary radiation and often

recommend mastectomy.
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RESULTS OF PRIMARY RADIOTHERAPY

The most important question, of course, is whether patients treated with
radiation as primary management of their breast cancer instead of mastectomy
have, in fact, a survival equivalent to those treated with more conventional
surgical procedures. We believe sufficient data have now accumulated in the
United States, Europe and Canada to answer this question. One of the earliest
reports of the efficacy of radiotherapy without mastectomy as primary
management of breast cancer appeared in 1954 from Helsinki. Mustakalloi
described a 5-year survival of 84% in 127 stage I patients treated with excision
plus radiation (10). A followup report from the same instutution in 1969 by
Rissanen described a 5-year survival of 79% in 415 stage I and II patients (11).

At the Princess Margaret Hospital in Toronto, Vera Peters reported a
matched pair analysis of 300 stage I patients, half of whom received local
excision and irradiation and the other half mastectomy and postoperative
irradiation, all of whom were followed for a period of 5-35 years. Sixty-seven
per cent of the irradiated group were free of disease compared with 58% of the
mastectomy group, not a significant difference but certainly no worse in the
irradiated patients (12).

Spitalier (Marseilles, France) described 276 stage I and II patients treated
with irradiation (with or without local excision) (13). The disease-free survival
was 85% at 5 years in stage I patients and 71% in stage II patients. In patients in
whom local excision had been done, these numbers increased to 90% and 79%
respectively. Spitalier also made the very interesting observation that of those
patients who did develop a local recurrence and subsequently had to undergo a
mastectomy, half were alive and free of disease at 5 years following
mastectomy, so that local recurrence after irradiation as primary treatment does
not carry the same ominous prognosis that is usually associated with local
recurrence following mastectomy.

One negative report on primary radiotherapy that is often quoted is the
Guy's Hospital randomized trial that compared excision plus radiation with
radical mastectomy and postoperative irradiation (14). In stage I patients, the
survival for both treatment groups was the same at 10 years, although local
recurrence in the excision plus radiation group was about 20%. In stage II
patients, however, the mastectomy group has a 55% survival vs 25% for the
excision group (p .05). It is not generally appreciated, however, that the
radiation doses used in this trial were totally inadequate by current standards.
The breast received 3500-3800 rads and the lymph nodes 2500-2700 rads.
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In the United States, radiotherapy without mastectomy has remained a
distinctly uncommon procedure. Our own interest goes back 10 to 12 years, but
in the early years most patients being treated were referred because they were
considered to be inoperable. Gradually, however, some surgeons have begun to
refer patients for this procedure for other than medical contraindications to
surgery. Most of our patients, however, are self-referred - they have chosen to
carefully explore all options of treatment available rather than quickly
submitting to mastectomy.

Nevertheless, the numbers of patients treated with radiotherapy alone at
any one U.S. institution remain quite small. We therefore decided to combine
data from four institutions with a similar interest and philosophy of treatment -
Harvard, Yale, Jefferson Medical College, and Hahnemann in Philadelphia. One
hundred patients with clinical stage I and II breast cancer (UICC-AJC) treated at
these four centers with local excision and radiation were reported in Cancer in
1977 (15). Approximately 250 have now been treated.

Treatment results are shown in figure 1. In stage I patients, the overall 5-
year survival is 97%, the relapse-free survival 92%. Clinical stage II patients
have an 80% 5-year survival overall, and a 60% relapse-free 5-year survival.
None of these patients has had an axillary lymph node dissection or received
adjuvant chemotherapy.

At the M.D. Anderson Hospital in Houston, 82 stage I and II patients
receiving primary radiotherapy without mastectomy had a 5-year relapse-free
survival of 80% and an overall survival of 90% (16).

It is interesting that the 5-year disease-free rates in clinical stage I
patients are so high when we know that 30% of clinical stage I patients have
axillary nodal involvement microscopically (17). The explanation appears to be
that in patients who are thought clinically to be stage I, the surgical discovery of
positive axillary lymph nodes, particularly 3 or less, does not worsen the
prognosis to the extent that it does in more advanced stages (3,7).

How do these results compare with more conventional treatment proce-
dures such as radical or modified radical mastectomy, with or without
postoperative radiotherapy? Such comparisons are very difficult to make for a
variety of reasons: the non-random nature of case selection, different methods
of staging, different ways of reporting results, e.g. relapse rates, overall
survival, survival corrected for intercurrent disease, relapse-free survival, etc.
Nevertheless, table 1 lists a number of the more prominent surgical series
selected from the many available in the literature. Despite the heterogeniety of

these studies, it is still apparent that 5-year survivals of 75-85% for stage I
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Figure 2: Appearance of a patient 4 years
after definitive radiotherapy to left breast.
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patients are the rule and 50-60% for stage II patients, no matter what the
treatment is. The few randomized prospective studies that are available from
this country and elsewhere support the view that there is little difference among
the treatment options. Randomized prospective studies to prove or disprove the
merits of primary radiotherapy as opposed to mastectomy are not available as
yet, although two such studies are in progress, one at the National Cancer
Institute in Milan and the other an NSABP study. To date, these studies show no
difference in any of the treatment groups. Although homage is always paid to
the randomized prospective trial, we feel obligated to point out that modified
radical mastectomy has probably replaced a radical mastectomy in most
surgeons' minds as the procedure of choice, and there is not a single published
randomized trial in the literature in support of this procedure.

Are the 5-year results too early to discuss or must one wait for the results
at 10 years? Although there are many 5-year survivors who die between the 5th
and 10th years, 85-90% of relapses occur before 5 years so that radiotherapy
results that are reported in terms of relapse-free survival are very unlikely to
change significantly with the passage of time.

Local recurrences, i.e. relapse of breast cancer within the irradiated field,
either in the breast or nodes, took place in 10 patients (all in the breast) of our
series of 150 patients, an incidence of 6.6%. Similar to the Spitalier series
mentioned above, 5 of these 10 patients are disease free for prolonged periods
after mastectomy. This incidence of local recurrence is virtually the same as
that observed following radical mastectomy and postoperative irradiation in
stage I and II patients.

The cosmetic results obtained have generally been excellent (figure 2).
With suitable patients (i.e. not too obese) and with attention to technical detail
as mentioned earlier, almost all patients will have only a minimum of radiation
changes. We cannot overemphasize the emotional benefits that patients derive

by avoiding mastectomy, at no compromise to their ultimate survival.

COMPLICATIONS OF RADIOTHERAPY
Complications from primary radiotherapy of breast cancer are, fortunately, few.
During the acute phase of treatment problems are generally minimal, consisting
of fatigue, very infrequent nausea, and a brisk erythema over the treated area
towards the completion of therapy. Problems developing during the weeks and
months following radiation are of much more importance. Potentially, the most
troublesome of these is radiation pneumonitis which may occur with a frequency

of 1-10% (18). Chest X-ray changes are considerably more common than clinical



193

symptoms. In our 150 patients, this complication was seen in &4, all of whom
recovered spontaneously without the use of corticosteroids. The frequency of
radiation pneumonitis can be kept to a minimum by careful attention to the
amount of underlying lung included in the tangential port films.

Some degree of fibrosis in the treated breast with slight shrinkage and
retraction is usually seen. Thickened nodules may develop along matchlines
between the treated fields which are usually not disturbing to the patient but
may be confused by the unwary with recurrent breast cancer.

Other complications observed in our series included rib fractures, arm
edema and pleural effusion. The total incidence of these problems was 3%, and
at least some of them were related to an unusual fractionation scheme that was
employed at one time by one of the institutions.

Other potential problems from radiation include impaired immunity and
increase in secondary malignancies. The evidence concerning immune alterations
is complex and contradictory. Certainly the clinical results do not suggest any
adverse effect of radiation on immune responses at least as reflected in survival.
Radiation-induced breast cancers from low doses of radiation such as those used
in mammography have been reported, and some increased frequency of this would
be anticipated (19). It is also known, however, that the frequency of radiation-
induced cancer tends to decrease above a certain dose of radiation in the
therapeutic range (20). A radiation-induced malignancy in the treated breast
would not be distinguishable from a local recurrence, and since the overall
frequency of local recurrence in our series and in most series is approximately
5%, well below that of most surgical series, it is doubtful that radiation-induced

malignancies will be a problem of any magnitude.

RELATIONSHIP OF PRIMARY RADIATION TO ADJUVANT CHEMOTHERAPY
One of the arguments often advanced for surgical therapy is that it is necessary
to do a radical or modified radical mastectomy in order to look at axillary lymph
nodes to select patients for adjuvant chemotherapy or otherwise determine
prognosis. This argument is without foundation, since if one wants to sample
axillary lymph nodes or do a full axillary dissection, this has nothing to do with
the performance of a mastectomy, and the breast could still be left in place for
treatment with radiation. In fact, we recommend axillary dissection in women
with palpable axillary lymph nodes, since administration of more than 5000 rads
to the axilla is likely to result in excessive morbidity. We also recommend an
axillary sampling procedure for premenopausal women in order to select patients

for adjuvant chemotherapy.
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Radiation therapy may compromise the ability to administer subsequent
adjuvant chemotherapy because of interference with hematologic tolerance. In
addition, the normal tissue reactions caused by approximately 5000 rads to large
fields may be enhanced by the subsequent administration of chemotherapy. For
example, in the author's personal series at Yale, no rib fractures had been
encountered in primarily irradiated patients until the use of adjuvant chemo-
therapy; however, subsequent to that time several patients receiving both
modalities have had this complication. Evidence on all these points is largely
anecdotal at the present time, but the two randomized trials of primary
radiotherapy currently in progress both employ chemotherapy as well so that

these answers should be forthcoming.

CONCLUSIONS
Considerable evidence has been marshalled to show that local excision combined
with radiation therapy is as effective as mastectomy in the primary management
of breast cancer. Admittedly, the experience with this procedure is not nearly as
extensive as that with more conventional surgical procedures. We have entered
an era, however, of much more extensive participation by the patient in decisions
concerning her medical care. We hope that those who remain dubious as to the
wisdom of primary radiotherapy will at least inform that patient that this option
exists and enable her to participate more directly in the decision making process.
Let the patient see a radiotherapist in consultation prior to mastectomy and have
the therapeutic options explained to her by both surgeon and radiotherapist.
Perhaps as women become aware that there are other options besides
mastectomy for the treatment of breast cancer, that the diagnosis does not
automatically mean loss of the breast, they may seek medical attention sooner

with smaller lesions and thus a real improvement in cure rates may result.
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THE RADICAL MASTECTOMY
The surgical approach to the treatment of primary breast cancer has remained
unchanged and virtually unchallenged for the better part of 8 decades. During
this time, there has developed an almost biblical reverence for the Halstead
radical mastectomy; this allegiance now deserves a belated review and perhaps

revision.

Historical Perspective

A review of Halstead's original publication indicates that he formed his ideas
about surgical treatment based on the then existing concepts of anatomy and
lymphatic physiology. Together with W.S.Handley, Halstead had developed the
idea that cancer spread by direct lymphatic permeation. It was this erroneous
view which led to the evolution of the Radical Mastectomy to treat breast
cancer (1). This approach even considered amputation of the humerus for bony
metastases and amputation of the hip for femoral head involvement as part of
the "en bloc" approach. Halstead further postulated that the liver became
involved by direct contiguous permeation via the linea alba and round ligament
(1). These ideas were the natural product of the existing concept of lymphatic
routes of cancer spread.

The resulting procedure, the Radical Mastectomy, has never been properly
compared as a reference operation to other operations and few of today's
surgeons have stopped to re-evaluate this operation from a modern point of view.
It is often said that this operation has "stood the test of time". In truth there has
been no real test and surgeons continue to adhere to the Radical or the Modified
Radical Mastectomy, more out of a sense of tradition than scientific merit or
justification. In fact, when measured against a group of contemporary cases not

reated by Radical Mastectomy, it appears that the Halstead operation had very
little impact on long term survival.

Although there was a dramatic reduction of the local recurrence rate due
to the radical mastectomy, the 10-year survival for Halstead's patients was only
12%. The comparative figure at that time was 9%. This small increase in

survival can best be attributed to a reduction in operative mortality which was
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due, in turn, to other innovations of Halstead but not necessarily to the "en bloc"
operation itself. The failure of the introduction of Radical Mastectomy to
improve real survival figures is most easily explained by analysis of the type of
cases seen. The society of Halstead's times was basically rural; urban hospitals
and concepts of early diagnosis, as we know them, did not exist. It is probable
that Halstead saw what we now consider to be inoperable cases with large
tumors, perhaps displaying skin retraction or fixation, satellite lesions, and other
so called grave signs. Although for local control, the Radical Mastectomy was
more effective than simple excision, cure in these cases was not obtainable. In
later decades, more suitable earlier cases gave better results, and surgeons never

asked if the operation was truly the cause for this improvement.

Current Perspective

Since it is now clear that Halstead's preliminary concepts were in error, we
should examine the validity of the Halstead Radical Mastectomy as a curative
operation. This question has been approached by several investigators over the
past 2 decades and some comparative trials have been conducted (2-6). In the
main, they show that there is apparent equivalence between radical mastectomy,
radical mastectomy with regional lymph node radiation, extended radical
mastectomy, and simple mastectomy alone, although these conclusions are less
often accepted than challenged, or ignored, by most surgeons.

TREATMENT OF AXILLARY NODES

Much of the debate about appropriate surgery has centered on the role of axillary
lymph nodes, and two opposing views predominate. On the one hand is the
radical approach which suggests that 70% of palpable nodes contain tumor on
pathological exam; 30% of nodes which are not palpable may still contain tumor.
Since positive nodes may be a source of spread with lethal outcome they should
be removed as expeditiously and completely as possible. On the other hand, the
conservative approach conceives of palpable nodes as having reactive hyperplasia
in 30% of -cases, and non-palpable nodes as being truly negative in perhaps 70% of
cases. Since positive nodes are a sign of systemic, incurable disease, excision is
futile and removal of some types of palpable nodes might even be detrimental.
Therefore, there is no justification for treating the axillary lymph nodes.

Unfortunately, this debate was not resolved by any of the above studies.
Many of the studies were retrospective or had design flaws which caused
observers to be critical of the findings. It can be said that the vast majority of

practicing surgeons did not abandon the Radical Mastectomy as a result of these
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studies. In order to provide an answer to the problem of lymph node treatment in
Radical Mastectomy the National Surgical Adjuvant Breast Project launched a
study in 1971 comparing Radical Mastectomy versus Total Mastectomy with
regional lymph node radiation, versus Total Mastectomy alone, i.e., no treatment

to axillary lymph nodes at all (figure 1).
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Figure 1: Schema for NSABP Protocol #4 comparing Radical Mastectomy and
Total Mastectomy with or without postoperative radiation therapy.

These treatments were applied to 980 patients with clinically negative axillary
lymph nodes. A further group of 501 patients with clinically positive lymph
nodes were treated by Radical Mastectomy or total mastectomy with nodal
radiation but were not subjected to a third treatment arm. The National Surgical
Adjuvant Breast Project has reported that at 60 months there is no significant
difference between the treatments evaluated (7,8). That is, patients with
positive nodes had equal treatment failure rates and equal survival rates whether
they were treated by Radical Mastectomy or Total Mastectomy and radiation.
Similarly, patients with negative nodes have equal failure and survival rates with

any of the three treatment arms (figure 2).
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Figure 2: Results of NSABP Protocol #4

This prospective, randomized, controlled clinical trial involving 1,481 patients
constitutes strong evidence that treatment of the axillary lymph nodes by
surgery, radiotherapy or no treatment at all, does not influence survival in breast
cancer. This is turn implies that local management of the lymph nodes is not a
factor in determining ultimate prognosis for patients with breast cancer. In fact,
most evidence indicates that lymph nodes involved with tumor are not a source
of distant metastases but merely a sign that metastases have occurred.
Spratt (9) has shown that the time from surgery to appearance of local
recurrence is the same as the time from surgery to distant recurrences, further
proof that local recurrence is not the precursor of widespread disease. The old
concept that cancer spreads from a primary site to regional lymph nodes and
from there in time, to distant sites is, therefore, no longer valid. The modern
view is that cancer cells are circulating very early in that cancer's development,
and other factors are responsible for the ability of these cells to settle in a

capillary bed, remain viable and grow as metastases. Fisher (10) has
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demonstrated the existence of veno-lymphatic interconnections and it is likely

that metastases are simultaneously hematogenous and lymphatic in origin.

PREDICTIVE VALUE OF AXILLARY LYMPH NODES

The most disturbing point of these various studies on lymph node status is the
realization that breast cancer is not very curable. A review of a previous
National Surgical Adjuvant Breast Project study showed the astonishing
predictive power that lymph node status has on eventual outcome. In a group of
Radical Mastectomy patients in this study, 73% of those with negative nodes
were free from recurrence at the 10-year interval, but over 86% of patients with
4 or more positive nodes had experienced treatment failure by that date. The
failure rate for patients with 1-3 positive nodes was 65% (11). Thus, the vast
majority of patients with pathologically involved lymph nodes will not survive,
regardless of the extent of surgery.

It is particularly distressing to note that these figures were obtained in a
group of cases who presented with clinical Stage I and Stage II disease, who were
therefore considered potentially curable and were subjected to radical mastec-
tomy as a curative operation. It is obvious that these patients were not helped
by this major surgery which has devastating cosmetic results.

If surgical or radiotherapeutic treatment of axillary lymph nodes does not
prevent distant metastases it must be because those patients who ultimately fail
already have their metastases established at the time these treatments are
instituted. This concept has profound implications for choosing appropriate
surgical treatment. Planning more radical operations to obtain cure is therefore

not pertinent to the real problem.

LESSER SURGICAL PROCEDURES

Rationale

Although we do not have the means to identify prospectively all those patients
who do have good prognoses, clearly, there is a group of patients who will do well
with any surgery. Frequently, these patients have no residual tumor after biopsy.
This group usually includes those with small tumors and good host-defense
characteristics. Conversely, there is a group of patients for whom no operation
will be curative. This group is made up of all those patients who eventually will
fail following radical surgery. They often have larger tumors, clinically positive
nodes, and may display other grave signs. However, the majority of these

apparently predetermined cases are indistinguishable from patients for whom the
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extent of surgery might make a difference, if indeed such a group exists
(figure 3).

ANY OPERATION NO OPERATION
IS CURATIVE IS CURATIVE

Figure 3

It is not known whether such a middle group does, in fact, exist. There is
mounting evidence that local control of the tumor is only one aspect of proper
treatment and perhaps this can often be obtained with lesser operations. More
extensive local or regional surgery is not necessary and does not help because the

problem is not local or regional.

Results of Prior Trials

This leads to the next consideration in primary breast cancer surgery: that of
segmental mastectomy which also goes under the name of tylectomy, lump-
ectomy or partial mastectomy. There are several reports in the last 15 to 20
years indicating that his operation compares favorably with the classical Radical
and Modified Radical Mastectomy. Foremost among these is Mustakalio in
Finland who reported 10 and 20 year follow-up on 702 patients with the same
survival rates for a Radical Mastectomy group (12,13). Peters' report of a 10-

year retrospective match showed equivalent recurrence and survival rates for a
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Radical Mastectomy group and an excisional biospy and radiation group (14).
Other contributions by Wise (15), Adair (16), Porrit (17), and Crile (18) report the

same conclusions (table 1).

Table 1

SEGMENTAL MASTECTOMY

MUSTAKALIO 702 pts. Consecutive cases 10, 20 years
PETERS 434 pts. Retrospective match. 10 years
WISE 186 pts. Retrospective match. 10 years
ADAIR 24 pts. 1943 no match

PORRIT 183 pts. Selected cases 5 years

CRILE 465 pts. Retrospective match. 15 years
ATKINS 370 cases Prospective controls. 10 years

The only prospective trial was led by Atkins (19) in the United Kingdom and
involved 370 cases, comparing excisional biopsy plus axillary radiation versus
radical mastectomy. For clinical Stage I patients, the 5 and 10 year survival
rates were identical for the two treatment groups. However, in Stage II patients,
only the 5 year survival rates were equivalent. At 10 years the radical
mastectomy group did better than the local resections and radiation group.
Closer analysis, however, is necessary before reaching a conclusion about this
study. A review of sites of recurrence in this study indicates that, contrary to
what many expected, local breast and chest wall recurrence was not a major
factor in treatment failure. Axillary recurrence, however, was seen in 22% of
patients in the excision and radiation group and in only 1% of the radical
mastectomy group. This is unusually high and requires further explanation.

On analysis, it is apparent that the difference in survival was related
mainly to axillary recurrence. It should be noted that the axillary radiation used
was 2700 rads. This is well below what is now viewed as a tumoricidal dose and
may very well have played a role in altering tumor antigenicity or host defenses
so as to favor the growth of axillary metastases, producing a higher failure rate
than might have been obtained had radiation not been given. There is
experimental evidence to support this hypothesis. Schabel (20) has shown that in
many different animal models, aliquots of transplanted tumor cells can be
rendered more lethal by partial irradiation. In other words, fewer irradiated
cells are necessary to produce lethal outcome than similar non-irradiated cells

when injected into a variety of experimental animals.
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Since most Stage I patients had negative axillary nodes this factor was not
important in determining outcome. But the Stage II patients with positive nodes
may have had a detrimental dose of radiation to involved nodes, reducing survival
in the patients radiated, and causing the excision and radiation group to perform
worse than the radical mastectomy group who had these nodes excised. This
explanation is further reinforced by the National Surgical Adjuvant Breast
Project findings that Radical Mastectomy, or Total Mastectomy and adequate
axillary irradiation, gave the same results as not treating the axillary nodes (7).
In addition, the McWhirter trial (2) and the Kings Hospital trial (21) also
indicated that simple mastectomy and adequate irradiation or no irradiation were
equal to radical mastectomy alone. Thus the use of partial irradiation has
obscured the overall results in the Atkins trial. Because of this fault in design,
the question of local excision cannot be answered in the context of this
particular study, but there is sufficient evidence to justify another study with a
more appropriate design. The National Surgical Adjuvant Breast Project has
introduced such a trial which is now underway. This trial uses irradiation of the
breast, but not of the lymph nodes, in one of its treatment arms. This radiation
is introduced to deal with a fundamental biological aspect of breast cancer - that
of multicentric, occult breast cancer, which may be a factor influencing the

chance for local control by limited surgery.

MULTICENTRIC BREAST CANCER
Anatomical multicentricity

The true incidence of multicentric breast cancer is not clear. Mastectomy
specimens, analyzed by stepwise section, have shown an incidence varying from
13-35% of patients, a range which clearly depends on the pathologist's
interpretation of minimal breast cancer or atypical hyperplasia (22-25). Many of
these foci are non-invasive and can be viewed as precancerous lesions or
carcinoma-in-situ depending on terminology. Much controversy rages about the
importance of these lesions and traditionalists who favor radical mastectomy
claim that these foci could be a source of recurrent or second cancers and would
ultimately cause treatment failure in a breast treated by a limited operation.
The anatomical incidence, however, is not the true dimension of the problem and
does not correlate with what appears to be the biologic importance, or lack of
importance of these foci. In Crile's follow-up of 601 patient-years of exposure
after partial mastectomy, six new cancers appeared in the contralateral breast
and four in the affected one (23). Thus the danger for recurrence in the affected

breast is less than might have been anticipated. Moreover, the breast is
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demonstrated to be a bilateral organ and consideration of multicentricity must
include both breasts. The bilateral indicence of breast cancer, determined by
random biopsies of the contralateral breast is reported by Upban (26) to be 14%,
and by Sandison (23) to be 25%. If these lesions are important, the clinical

incidence of contralateral breast cancer should be as high.

Clinical Multicentricity

However, Slack, Nemoto and Fisher (27) reviewed 2,734 cases and found the
overall clinical incidence of a second contralateral primary breast cancer to be
only 1.9% in a 6-year follow-up period. The majority of these were in patients
with large primary tumors and in patients with positive axillary lymph nodes.
These authors computed the possible advantages of performing a contralateral
mastectomy on all patients with breast cancer and estimated that 5-year survival
would increase by 0.8%.

Another approach to this problem is to look at a series of cases with lobular
carcinoma-in-situ treated by biopsy only, and determine the true incidence of
eventual cancer. McDivitt et al. (28) found an ultimate cancer rate of 25% in
patients with lobular carcinoma-in-situ and concluded that Total Mastectomy
was appropriate. Haagenson (29) reported an incidence of 22% but felt, however,
that Total Mastectomy was inappropriate and that excisional biopsy and
observation was the treatment of choice. Wheeler (30) reviewed a more
extensive series of cases and found an incidence of 4%. Furthermore, he claimed
that his figures were on much firmer statistical ground than the McDivitt or
Haagenson figures, due mainly to his 100% follow-up at 20 years. In fact, the
95% confidence limits for the McDivitt study are so wide that they overlapped
Wheeler's much narrower limits (figure 4).

The most interesting finding in these retrospective studies, however, is the
revelation that in a collected group of 22 invasive cancers which did develop in
patients who previously had lobular carcinoma-in-situ, 11 were in the ipsilateral
breast, 8 in the contralateral breast, and 3 were bilateral (31). Moreover, only 6
of the 22 were small cell carcinoma, 10 were infiltrating ductal, and the
remainder were tubular, medullary, or intraductal. This indicates that although
there may be an increased risk for invasive cancer in these patients, a specific
site of carcinoma-in-situ may not be the same site at which the subsequent
cancer develops. If surgical therapy is based on the possibility that multi-focal
disease exists, then unilateral mastectomy is only a half measure. A radical

mastectomy would, therefore, have to be bilateral or it loses its logic.
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INVESTIGATIVE SURGICAL APPROACH

Clearly, there is a valid controversy about the importance of multi-focal
neoplasia and, obviously, the solution will not be obtained by anatomical and
pathological debate. The prospective clinical trial being conducted by the
National Surgical Adjuvant Breast Project is designed to answer this question.
This compares segmental resection or segmental resection plus breast radiation
versus total mastectomy. All 3 arms undergo axillary node dissection for staging
purposes and all patients with positive nodes receive a standard 2-drug adjuvant

chemotherapy. Negative node patients are not given further treatment (table 2).

Table 2

CLINICAL EXAMINATIONJ

[

ELIGIBLE FOR
SEG. Mx

NOT ELIGIBLE FOR
SEG. Mx

% PATIENTS % PATIENTS % PATIENTS
TOTAL Mx SEG. Mx SEG. Mx
+ + +
AX. DIS. AX. DIS. AX. DIS.
+
BREAST
IRRADIATION
[ HISTOLOGICAL EXAMINATION }

L-PAM + L-PAM +
5-FU 5-FU
OCCURRENCE IN OCCURRENCE IN
IPSILATERAL BREAST IPSILATERAL BREAST
TOTAL Mx TOTAL Mx

L-PAM, 4 mg/M?, p.o., days 1-5
5-FU, 300 mg/M?, i.v., days 1-5
REPEAT CYCLE q 6 WEEKS x 17
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Thus the only variables are the extent of surgery and the addition of
radiotherapy to half of the patients undergoing segmental resection. This will
indicate whether segmental resection alone is equally curative when compared
with total mastectomy. The addition of radiotherapy to one half of the
segmental patients will indicate whether multi-focal disease is important in
terms of long term control, and, if it is, whether or not radiation therapy will
manage it successfully.

It is hoped that this study will confirm the adequacy of limited surgery. If
so, this will benefit many patients who now undergo breast amputation
unnecessarily; however, it will not, by itself, improve overall cure rates. In fact,
breast cancer death rates have not changed in over 4 decades, despite the
introduction of more extensive surgical practices. It is possible, however, that
adjuvant chemotherapy, when added to adequate surgical procedures, may
increase survival rates. It is important to realize that adjuvant chemotherapy is
not being proposed as a mopping up method to secure control in cases where
inadequate surgery is performed. A more proper perspective is that those cases
of breast cancer who fail following surgery do so because metastases have
occurred prior to the surgery. The adjuvant chemotherapy is administered in the
hope of eliminating these occult metastases and producing cure. Segmental
Mastectomy is proposed as an equivalent to total mastectomy in completely
eradicating the local tumor. It is not viewed as a lesser procedure made safe by
the advent of chemotherapy.

As can be seen in figure 5, the surgical specimen is not a simple excisional
biopsy but represents a complete segmental resection of the tumor and an
adequate axillary dissection. While conspicuously less than a traditional
mastectomy, this is a scientifically conceived cancer operation designed to

control the primary tumor by complete removal.
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Figure 5: Surgical specimen from segmental resection.

Figure 6 shows the postoperative result, indicating that this approach is
consistent with acceptable cosmetic results. Thus a modern view would shift
from radical extensive "en bloc" resection for cure, to one of a less extensive
surgical operation which is adequate for local control, combined with systemic
treatment such as adjuvant chemotherapy which will, hopefully, achieve control
of distant metastases if they exist. The National Surgical Adjuvant Breast
Project Protocol #4 provided a test for the first part of this approach and the
results support this view (7). As discussed above, treatment by Radical or total
mastectomy, with or without radiotherapy produced no difference in failure rate.
However, a clear difference in outome does exist for patients with positive
axillary nodes compared to those with negative nodes even though all patients
with nodes analyzed had the same treatment: Radical Mastectomy. Thus, while
extent of surgery does not influence outcome, the presence of involved axillary

nodes does (figure 7).
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Figure 6: Postoperative results of segmental resection.
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PROBABILITY (%) OF SURVIVAL WITHOUT DISEASE
RADICAL MASTECTOMY P-4

Figure 7

Axillary nodes, then, should be viewed as a marker for the presence of
disseminated disease even if not yet clinically manifest. This identifies the
group of patients who should be treated by adjuvant chemotherapy in the hope of

eradicating these subclinical metastases.

ADJUVANT CHEMOTHERAPY

The concept of adjuvant chemotherapy, now 20 years old, began to undergo
clinical trial soon after it was shown that cytotoxic drugs could induce remission
in patients with disseminated breast cancer. Current approaches to adjuvant
chemotherapy are based on animal models which have shown that tumors not
cured by surgery alone or chemotherapy alone, can be cured when surgery and
chemotherapy are combined (32).

The first clinical trial was based on the view, now seen as incorrect, that
dissemination occurred at the time of surgery due to dislodgement of tumor cells

by surgical manipulation. This was the National Surgical Adjuvant Breast Project



212

trial (11) in which Thio-Tepa and 5-flourouracil were compared to placebo after
radical mastectomy. The results indicated that Thio-Tepa provided a 20%
improvement in 10-year survival rates for the subset of premenopausal women
with 4 or more lymph nodes involved. With further understanding of tumor
growth and kinetics, it was realized that pre-existing occult micrometastases and
not surgical dislodgement was the important factor. Subsequently, attempts at
more appropriate use of drug, schedule, and dose have been subjected to clinical
trial by the NSABP (33) and by Bonadonna (34). The preliminary results of both
these studies indicate significant improvement in length of disease-free interval
especially in premenopausal women. It is too early to be sure that these studies
will produce better survival, but these results are encouraging enough to warrant
further investigation, and further efforts at improving adjuvant chemotherapy
treatments are underway, using combinations of cytotoxic drugs, hormones, and

immune stimulating agents.

CONCLUSION

It would appear that extent of surgery is not a determining factor in the
successful management of primary breast cancer. Failure, when it occurs, is due
to metastases already in place at the time of surgery, and will require systemic
therapy, added to adequate local surgery to achieve control adn improve cure
rates. Various studies have indicated that radical mastectomy is not more
curative than total or simple mastectomy and there is evidence that more
conservative surgery, such as segmental mastectomy could achieve equal
success. However, conclusive proof of this view is not yet available, due to the
lack of adequate trials to test this hypothesis. With present available evidence it
would be equally wrong to assume that the case is proven for lesser surgery as it
would be to advocate continuing reliance on Radical Mastectomy. Only by
completing an appropriate prospective randomized study, such as the ongoing
NSABP trial, can a scientific answer be obtained.
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CLINICAL APPLICATIONS OF CELL KINETICS TO CHEMOTHERAPY
OF HUMAN MALIGNANCY
Alvin M. Mauer
St. Jude Children's Research Hospital
Memphis, Tennessee

INTRODUCTION

During the past two decades, we have learned a great deal about the
characteristics of cell growth in human malignancy. A most important
contribution to the study of cell population kinetics was the introduction of the
label tritiated thymidine which, for the first time, allowed for the identification
of cells in DNA synthesis by autoradiography. Furthermore, in situations where
serial samples of the tissue under study could be obtained, it was possible to
follow the initially labeled population of DNA synthesizing cells through the
subsequent phases of the cell cycle.

It was natural that the initial studies of human malignancy would be done in
leukemia because of the ease with which the malignant cells could be sampled
from blood and bone marrow. Our basic concepts of cell proliferation in human
malignancy were developed from studies of leukemia (1-3).

It is important to briefly review these concepts as necessary background
for an understanding of their later application to the design of chemotherapeutic
regimens. The leukemia cell populations were found to have a generation cycle
longer than their normal cell counterparts: Generation times of 50 to 70 hours,
DNA synthesis time of 20 to 25 hours, durations of G2 and M of about 2 hours
each and a minimal time spent in G1 of 30 to 35 hours. In contrast, normal bone
marrow cells have a generation time of about 20 to 25 hours with a DNA
synthesis period of about 10 hours. These early studies provided the surprising
information that not all leukemic cells were participating in proliferative
activity. In fact, in most leukemic cell populations, the growth fraction (that
portion of the cell population in the cell cycle) was small, accounting for less
than half of the leukemic cells. The growth fraction and the resting cell
compartments could be distinguished morphologically by cell size. The resting
cells were smaller with denser nuclear chromatin patterns. Through serial
studies following labeling with tritiated thymidine, it was possible to demon-
strate that cells initially labeled in the growth fraction entered into the resting
cell population. Of even greater significance was the demonstration that the
resting cells were not end stage cells but were capable of reentry into the growth
fraction (4).

216
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Considerable variation at diagnosis in the growth fraction from patient to
patient was found. It was also demonstrated that variability within the same
patient could be found from diagnosis to subsequent relapse. Most frequently,
the growth fraction at relapse was greater than at diagnosis. This finding
suggested either that proliferative activity was greater during earlier phases of
regrowth of a tumor cell population or that with therapy there had been selection
of a more actively proliferating subpopulation of the leukemic blasts.

Another important concept growing out of these early studies was the
development of evidence for growth regulation of human acute leukemia cell
populations (5). This regulation appears to operate through systemic, regional
and intrinsic cellular mechanisms (6). From observations of the striking
differences in proliferative activity in three different kinds of lymphoid
malignancies (common ALL, T cell ALL and B cell lymphoma) it would seem that
the most important determining factor for the regulation of proliferative
activity is an intrinsic cell characteristic (7). These observations of growth
regulation and the observed alterations during phases of the disease set the stage
for design of treatment regimens in which deliberate perturbation of prolifer-
ative activity were attempted to provide chemotherapeutic advantage.

More recently, the technique of pulse cytophotometry has been added both
for the study of leukemic cell populations (8) and solid tumors (9). In this
method, the nuclear DNA of the tumor cells is labeled by a fluorescent tag. The
amount of label in the nucleus is proportional to the amount of DNA. The
labeled cells are subsequently drawn, one at a time, past a laser beam for
activation of the fluorescence. The amount of fluorescence given off per cell is
measured and by analysis in this manner of a large number of the cells, the
distribution by nuclear DNA content can be determined. Subsequent analysis
allows the computation of the proportion of cells in various phases of the cell
cycle. This technique is rapid and allows for serial determinations of changes
occurring in a cell population. The technique has therefore been particularly
useful in studying chemotherapeutic perturbation of tumor cell populations.

The concepts described above, developed from studies of human leukemia,
have been confirmed for a variety of human solid tumors (10-14). The problems
posed for treatment of human cancer can now be much better defined. Clearly,
of fundamental importance is the availability of agents more toxic to the tumor
cell than for normal cells. Since most agents are maximally effective on a
dividing cell, the large resting compartment characteristic of so many human
tumors poses the problem of a relatively resistant subpopulation which retains

the capability of re-entry into cell proliferation at some future time.
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Chemotherapeutic perturbation patterns must be known for optimal drug
scheduling, particularly in current treatment schedules in which several agents
with differing effects are used. Scheduling must also take into account
perturbation of the normal cells. It will be the purpose of the following sections
to explore some implications of these findings for the design of treatment

programs for human malignancy.

CELL KINETICS AND PROGNOSIS

There has been an attempt to develop a sense of hierarchy among tumor cell
populations with respect to initial proliferative activity and responsiveness to
therapy. The thesis has been developed that those cancers with the lowest
proliferative activity are the most resistant to therapy, while tumors character-
ized by large proportions of dividing cells are most sensitive to treatment. In the
studies mentioned above of lymphoid malignancies, the common ALL with the
least proliferative activity is most responsive to treatment while the increasing
proliferative activity found from the T cell leukemia to the B cell lymphoma is
associated with a decreasing prognosis for long-term disease-free survival (7).
Furthermore, acute lymphocytic leukemia and acute non-lymphocytic leukemia
are similar with respect to initial proliferative activity, but clearly different
with respect to treatment response (15). Therefore, while there are some reports
suggesting prognostic significance of pretreatment proliferative activity in
tumor cell populations (16), most studies have not found support for these
observations (15, 17). A similar lack of predictability for treatment response has
been found in the childhood solid tumor, neuroblastoma (18).

It should be noted, however, that the correlation of initial proliferative
activity with response to therapy may be highly treatment dependent. There-
fore, in the future, with different treatment regimens, a significant relationship
may yet be found.

CHEMOTHERAPEUTIC PERTURBATION OF CELL POPULATION KINETICS
During the past decade, there have been many studies of the perturbation of cell
population kinetics by a variety of chemotherapeutic agents (19-27). These
studies have been necessary in order to determine the effect of the drugs on
malignant cells with respect to phase specificity and the time course of the
events. These baseline studies have provided important information with respect
to scheduling and the development of combination chemotherapy regimens
(28, 29). A summary of these drug effects is given in Table 1.
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From these studies of single agents, it was evident that the tumor cell
population could be perturbed by cell cycle synchronization and recruitment of
resting cells (30-37). Attempts at synchronization take advantage of the effects
of some drugs to delay cells in their passage through some phase of the cell
cycle. As examples, cytosine arabinoside delays cells in DNA synthesis and small
doses of vincristine can delay cells in mitosis. As cells continue to enter the
delayed phase, there is a progressive accumulation; and if the drug effect is
temporary, subsequent release of these cells allows for progression through the
cell cycle in a partially synchronized manner. The purpose of synchronization is
to introduce a second agent which is phase specific for cytotoxicity at a time of
greatest accumulation of delayed cells. Enhancement of the effectiveness of the
second agent is sought by increasing the number of sensitive cells. In human
malignancy, the greatest problem has been variability in the degree of
synchronization obtained and the timing of greatest accumulation.  This
variability has meant that each patient must be monitored for the appropriate
timing of the second agent. This need has made the application of cell cycle
synchronization to large clinical trials currently a virtual impossibility.

Recruitment of resting cells into the cell cycle has also been observed
following chemotherapeutic perturbation. The mechanism is presumed to be the
reduction of tumor cell mass calling into play growth control mechanisms which
increase tumor cell proliferative activity. An alternative possibility would be
the chemotherapy-induced selection of subpopulations of tumor cells having the
greater degree of proliferative activity. Unfortunately, there are few human
tumor cell systems in which it is possible to make simultaneous measurements of
tumor cell mass and proportion of proliferating cells to make a true
measurement of recruitment (38). Recruitment in most situations must be
inferential (18). More fundamental knowledge of the growth regulation of tumor
cell populations and the possibility of subpopulation selection by chemotherapy
will no doubt be necessary to take full advantage of this mechanism of

enhancement of chemotherapeutic advantage.

SCHEDULING FOR NORMAL AND TUMOR CELL RESPONSE
Not only is it important to schedule chemotherapy regimens for maximal
tumoricidal effect, but it is also important to spare to the greatest degree
possible the normal dividing cell populations, especially in bone marrow and
digestive tract mucosa. Information concerning the effects of cancer
chemotherapeutic agents on normal hematopoietic precursor cells is becoming

available (39). Of particular importance is the increasing number of studies in
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which there has been simultaneous evaluation of the kinetic response of normal
and malignant tissues (40-42). The major aim of these studies is to get
information concerning the relative rates of recovery of normal and tumor cell
populations following the administration of a drug. The time of maximal
sensitivity of a cell population to the administration of a second agent is the
period of greatest proliferative activity following recovery. In general, the
normal cell population's return of proliferative activity precedes that of the
tumor cell population. Avoiding the maximal proliferative activity of normal
cells, and giving the second dose while normal cells are in steady state and tumor
cells are recovering, provides an important therapeutic advantage. Unfortun-
ately, in some tumors, recovery of the normal and cancer cells occurs
simultaneously so that timing of the second dose for maximal effect on tumor
cells also results in maximal toxicity. The variability observed in studies so far
would indicate the need to monitor proliferative changes in patients in which this
form of scheduling is being attempted.

A real advantage for treatment of cancer would be obtained if it were
possible to have an early prediction for nonresponding tumors. If it were possible
to identify those patients who would not respond to a treatment regimen, then
alternative therapy could be promptly begun. This opportunity would avoid the
needless toxicity of an ineffective regimen and more promptly shift the patient
to an alternative regimen without the delay of waiting for obvious lack of
clinical response. Some recent studies have demonstrated a correlation of
changes in the cell kinetic patterns with response to treatment (18, 43-45).
Further studies of the relationship of chemotherapeutic perturbation of cell
kinetic patterns and response to therapy are needed. If a consistent relationship
can be demonstrated, this approach might also be most valuable for the more
rapid evaluation of the effectiveness of new agents. Certainly, the current
method of measuring clinical response in Phase II studies requires lengthy

observation and exposure to a potentially ineffective but toxic agent.

SUMMARY
Within the relatively brief time of two decades, there has been a considerable
conceptual advance concerning human tumor cell proliferation. Within the past
decade, there likewise has been learned a great deal about the effects of
chemotherapeutic agents on the proliferation of both normal and cancer cells.
Attempts at using this information to devise better treatment schedules have
been made difficult by the variability in responses observed. With the

availability of the pulse cytophotometer and its ability to provide prompt
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information concerning changes in cell cycle distribution, individualized
treatment schedules might be possible. Observations of the relationship of cell
cycle changes and response to therapy need to be extended for their possible
usefulness in predicting response in the individual patient as well as adjunct in
evaluating new drugs. There is also a need for more information on the relative
changes induced in normal and cancer cell populations to assist in scheduling drug

administration in order to avoid toxicity.
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ADJUVANT THERAPY IN CHILDHOOD
NEOPLASMS - AN OVERVIEW
W.W. Sutow
The University of Texas System Cancer Center,
M. D. Anderson Hospital and Tumor Institute

Houston, Texas

INTRODUCTION
Dr. Frank M. Schabel, Jr. has outlined the fascinating fundamental concepts of
neoplastic cell growth and cell kill based on data that have emerged from his
studies in the laboratory in collaboration with Howard E. Skipper and colleagues
(1).

This presentation will be a report of what is happening on the human front
in the war against cancer. It shall be the intent to indicate the state of the art,
clinically, in respect to treatment and control of certain malignant solid tumors
of childhood. It is emphasized that many of the current techniques of
multidisciplinary and adjuvant therapy were pioneered and developed in pediatric
oncology - against childhood cancer. Accordingly, it is pertinent to review, in
perspective, how we got where we are. Further, certain significant landmarks
must be defined for orientation. Lastly, some speculations can be made
regarding projections the current achievements may justifiably permit (2).

As the leading medical cause of death today in children 1 through 14 years
of age, cancer is a major pediatric problem. Yet, numerically, the incidence of
cancer in children is minute, compared to the adults. Based on the Third
National Cancer Survey (3) conducted in 1969, 1970 and 1971, and related to the
National Census of 1970, the most accurate estimate of the incidence of cancer
in children has been made available recently (4). The occurrence of cancer of all
types in children was calculated to be 124 per million among white children and
97 per million among black children. Solid tumors accounted for 55% of all
cancer. The five most frequent solid tumors were, in order, brain tumors,

neuroblastoma, rhabdomyosarcoma, Wilms' tumor and bone tumor (table 1).
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Table 1

RELATIVE FREQUENCY OF SOLID TUMORS
IN CHILDHOOD CANCER

Brain tumors 35%
Neuroblastoma 14
Rhabdomyosarcoma 12
Wilms' tumor 11
Bone cancer 8
Retinoblastoma 5
Miscellaneous 15

Three of these solid tumors (Wilms' tumor, rhabdomyosarcoma) and osteo-
sarcoma will exemplify the nature of the clinical problems, the strategies

utilized and the results of current multimodal programs.

WILMS' TUMOR

Early Studies

By 1945 to 1950, the first plateau (at about 35% to 40%) was being approached in
treatment results measured as long-term survival rates for Wilms' tumor (5-7).
By that time, the surgical techniques had been well established. The importance
of postoperative (postnephrectomy) radiation therapy had also been recognized.
Postoperative supportive care and anesthetic procedures had been refined and
expanded. There was, however, no effective adjuvant chemotherapy regimen.

In the early fifties, Sidney Farber at Boston performed pioneer work in the
administration of actinomycin D as adjuvant to surgery and radiation in the
overall primary management of Wilms' tumor (5,8). In the early sixties a second
effective drug, vincristine, became available. The drug was useful in the
treatment of metastatic Wilms' tumor (9), and its value as adjuvant chemo-
therapy was established early (10). The drug appeared to be effective as
preoperative chemotherapy in order to facilitate the surgical procedures (11).
Most recently, in the present decade of the seventies, a third drug, Adriamycin,
has shown significant antitumor activity (12). Its potential usefulness and place
in the general approach to Wilms' tumor are currently being assessed. The net
result of all these developments has been the progressive improvement in the
survival curves for children with this tumor (6,7,13).
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National Wilms' Tumor Study Group

One of the major forces that have changed the clinical attitudes toward Wilms'
tumor has been the coHaborative investigations monitored by the National Wilms'
Tumor Study (NWTS) Committee (l14). Basic and significant findings are
emerging from these national studies. The concepts for NWTS were generated
about 1966 but the actual study (NWTS-1) did not become functional until 1969.

One of the initial approaches was the adoption of the clinical grouping
schema (14,15). The term "group" was used, instead of the term "stage". The
purpose was to indicate the extent of the disease (clinical, surgical and
pathological) at the start of therapy. It differed in definition from the usual
concept of "stage" because the end result of the definitive surgical procedure
was taken into consideration (see table 2).

Table 2
CLINICAL GROUPING SCHEMA UTILIZED
IN NWTS-1 AND NWTS-2 (15,18)

Clinical
Group Definition
I Tumor limited to kidney
and completely resected.
II Tumor extends regionally
beyond kidney but is com-
pletely resected.
11 Residual non-hematogenous
tumor confined to abdomen.
v Hematogenous metastases.
\' Bilateral renal involvement

either initially or subse-

quently.
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NWTS-1

Analysis of NWTS-1 validated the concept of clinical grouping. The outcome of
therapy (prognosis) was significantly correlated with clinical group (14). Other
aspects of NWTS have also made significant impacts on pediatric oncology.

In Group I patients where the tumor was localized to the kidney and was
completely excised, the NWTS-1 addressed this question: In such patients, was
postoperative irradiation of the tumor bed necessary? All Group I patients
eligible for the study underwent nephrectomy and received actinomycin D as
chemotherapy. One half of the patients were then given radiotherapy. The other
half of the patients received no postoperative irradiation. Statistical analysis
showed that all Group I patients had exceedingly good chances for survival - over
90%. The curves for those receiving irradiation and those not receiving
irradiation showed no difference statistically (14). From these data it was
concluded that in Group I patients, the omission of postoperative irradiation of
the tumor beds resulted in no catastrophic outcome.

In Group II and IIl patients, it was assumed that the tumor was more
extensive so that it had a greater potential for local recurrence or distant
spread. In these patients, a different question was asked in NWTS-1. There were
two chemotherapeutic agents known to be effective against Wilms' tumor -
actinomycin D and vincristine. Which drug was better? Or was the combination
of the two drugs more effective than either alone?  All patients had
nephrectomy. Postoperative irradiation was given to all. Randomly, one-third of
the patients received actinomycin D alone as the adjuvant chemotherapy; one-
third received vincristine only; and the final one-third received both actinomycin
D and vincristine. When survival data were analyzed, it was found that:

(1) Those receiving vincristine alone did as well as those receiving
actinomycin D alone;

(2) However, those receiving both drugs had a significantly superior
survival than either of the other two sets of patients.

The results, therefore, permitted the conclusionthat in Group II and III
patients, the combination of vincristine and actinomycin D was a more effective
adjuvant chemotherapy program than vincristine alone or actinomycin D alone.
Clinically, these results meant that all Group II and III patients should be treated
at least with both drugs.

One of the surprising results of NWTS-1 concerned bilateral Wilms' tumor.
In 5% of the cases (30 out of about 600), the tumor involved the second kidney,
either at the time of diagnosis or subsequently (16). Although these cases were

treated individually by the investigators, the outcome appeared unusually good.
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The projected survival in these 30 cases was 87% at 2+ years. These early
findings were most encouraging, but the 5 year survival data would be more
definitive. Another result of the first NWT study was the observation that the
histopathology of Wilms' tumor could indicate good prognosis or bad prognosis
(17). A detailed examination of the first 300 diagnostic slides that had been
forwarded to the study showed that the histopathology could be divided into 2
groups. Approximately 12% showed anaplastic or rhabdomyosarcomatous
pattern. The other 88% contained differentiated renal structures. When the
histologic divisions were correlated with prognosis, a significant difference was
noted. About a third of the group with differentiated histopathology had died. In
contrast, 95% of the smaller group were dead. Subsequently, the terms favorable

and unfavorable have been used to designate these two histologic categories.

NWTS-2*
On the basis of results from the first national study, the second study (NWTS-2)
is currently underway (18). In stage I patients, postoperative radiotherapy is not
given. The question concerns the duration of chemotherapy required for
optimum results. Both actinomycin D and vincristine are used. On a random
basis, one-half will be given the drugs for 6 months and the other one-half will
receive both drugs for 15 months as in the first study. In stages II, IIl and 1V,
more effective therapy is still needed. Consequently, a random one-half will be
given both vincristine and actinomycin D for 15 months in addition to post-
operative therapy. The regimen is the same as that used in the first study. The
other one-half will be treated in the same manner except that Adriamycin has
been added. This will be therefore a comparison between a 2-drug and a 3-drug
regimen.

To summarize, the score regarding Wilms' tumor at the present time reads
as follows:

(a) Over 90% of Group I patients should remain disease free and the
overall long term survival rate should be over 95%.

(b) The overall longterm survival when all stage I, II and III patients are
combined should be over 70%.

(c) Even in patients who fail in initial therapy, the salvage rate is
estimated to be approaching 40%.

*The preliminary results of NWTS-2 was abstracted In Proc: AACR &
ASCO 20:309, 1979.
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The goals of current approaches to the handling of patients with Wilms'
tumor would include the following:

(1) The question of optimal postoperative radiotherapy should be examined
continuously. As the effectiveness of chemotherapy improves, the required
intensity of radiation therapy should decrease. As already demonstrated in
Group I patients, the ultimate elimination of radiation therapy in other clinical
groups would be ideal.

(2) The question of optimal chemotherapy in terms of the nature of the
drug combinations, the drug sequence and schedule, and the duration of therapy
needs further investigation.

(3) Methods to improve the survival of those who fail on primary therapy
have to be investigated.

(4) Now that histopathology can be correlated with prognosis, there is
recognized the urgent need to plug this vital information meaningfully into the
management strategy.

(5) The unexpectedly good results documented in patients with bilateral
Wilms' tumor emphasize the viable possibility that treatment programs for these
patients could be systematically planned and studied.

(6) In addition, the surviving children will reach adulthood and have
children of their own. The genetic implications of this tumor in respect to
offspring, sibs and relatives of the patients must be studied (19,20).

(7) With improved survival, the occurrence of late deleterious effects of
therapy become a significant consideration (21,22).

RHABDOMYOSARCOMA

Background

Childhood rhabdomyosarcoma is another malignant solid tumor of major
importance in pediatric oncology since it is relatively frequent. This tumor is
responsive to intensive therapy, and the significant part of this partial success
occurred in the past 10 to 15 years. The drugs found to be most effective against
this tumor include vincristine, actinomycin D, and cyclophosphamide. Metho-
trexate, however, even in massive doses in conjunction with citrovorum factor,
has not shown significant antitumor activity. Although Adriamycin appears to
have some effect on the tumor, the degree of this activity needs to be further
established.
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In 1965, a 3-drug combination of vincristine, actinomycin D and cyclophos-

phamide, acronymically called VAC, yielded some impressive results (23). A

survival rate of greater than 60%, was achieved with VAC combined with

radiotherapy in a group of children with rhabdomyosarcoma of the head and neck

(24,25). In almost all of them, surgery was not possible. (Orbital cases were
excluded).

Intergroup Rhabdomyosarcoma Study

In 1972, a national study of rhabdomyosarcoma, the Intergroup Rhabdomyosar-
coma Study (IRS), was activated (26,27). Patterned after the Wilms' Tumor
Study, the extent of the disease was assessed on the basis of demonstrable
disease and the result of initial surgical procedure. The grouping system was
then utilized to determine therapy. The results of the interim analysis of the
data (27,28) indicate that the grouping system was valid - when measured in
terms of disease free survival. Group I patients show an impressive survival of
about 85% at 3 years. Group II patients have 3 year survival around 70%. Group
III patients plateau at about 55%. Group IV patients do poorly, with only about
10% surviving at 3 years.

In the IRS, all Group I patients received the standard VAC therapy. One-
half of the patients were randomized to receive, in addition, radiotherapy to the
tumor bed. The other half received no irradiation. Results show that in terms of
the disease free rate, frequency of local recurrence, or survival, there is no
difference between the two arms of the study. Thus, it is concluded that in
Group I patients, the omission of radiotherapy has no influence on treatment
outcome.

In Group II patients, the tumor locally is more extensive than in Group I
patients. All Group II patients therefore received irradiation to the tumor bed.
A random one-half of the patients received the standard VAC chemotherapy. In
the other one-half, cyclophosphamide was omitted. These patients received only
vincristine and actinomycin D. The results show that there is no difference in
the disease free rate or in survival between the group that received VAC and the
group that received only vincristine and actinomycin D. It is concluded that in
Group II patients the two-drug combination (VCR + AMD) seems to be equally
effective as three drugs (VCR + AMD + CYT). Being able to omit
cyclophosphamide from the treatment regimen without loss of effectiveness
would be a big advantage. The acute and late toxicity of cyclophosphamide can

thus be avoided.
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In Group III patients where residual gross tumor is present, and in Group IV
patients where metastases have occurred, the effort was made to compare the
standard 3-drug regimen with a 4-drug regimen in which Adriamycin was added
to VAC. The purpose was to intensify the chemotherapy. The results show no
difference in results in the Group III patients between regimen E (which was the
standard VAC treatment) and regimen F (which included Adriamycin). The
disease free rate at 3 years was less than 60%. In group IV patients, again there
is also no significant difference between patients receiving 3-drugs (regimen E)
and those receiving 4-drugs (regimen F). At 3 years the survival rate is less than
20%.

The IRS also confirmed the earlier clinical experience that the site of the
primary appeared to influence prognosis using the treatment available at this
time: genitourinary cases had the best survival and extremity cases the poorest
survival. Head and neck cases had intermediate survival statistics.

On the basis of the findings from the first study (27-29), the protocol for a
second national study in rhabdomyosarcoma has been finalized.* A brief review
of the proposed second study may serve to point out some of the current goals.
In Group I patients no radiotherapy is given. One group will be randomized to
receive 2-drugs, VCR and AMD. The other group will receive standard VAC
therapy. The purpose here is to test the possibility that Group I patients do not
need radiation therapy and may also not need cyclophosphamide.

In Group II patients, the comparison will be between a 2-drug regimen of
VCR and AMD and a 3-drug VAC regimen given on a different schedule - that is,
as intermittent pulses, There is some clinical experience that suggests that the
intermittent schedule is more effective and less toxic. In Group III and Group IV
patients, the second Intergroup Study proposes to compare the intermittent pulse
VAC regimen with an intensified 4-drug regimen that includes Adriamycin.

Planning For Special Sites. The results from IRS-1 also demonstrated a

major problem area. This concerned patients with primary tumors situated in
parameningeal sites (31). The parameningeal sites were considered to be
nasopharynx, nasal cavity, nasal sinuses and middle ear. There were 57 patients
with parameningeal primary tumors. In 20 of these patients (35%), the disease

eventually involved the central nervous system. Once there was CNS extension,

*[RS-2 was activated in November, 1978. See reference (30) for most
current report of results.



235
of the CNS problems that once complicated treatment of children with acute
leukemia (32). In the second IRS, therefore, it is proposed to attack this
potential danger prophylactically. All patients with primary lesion in paramenin-
geal sites will be evaluated carefully. Of particular importance are the
assessment of bone erosion at the base of brain and examination of the CSF. If
the findings are considered to be negative, there will be no change in
chemotherapy. The radiotherapy fields will be carefully checked to insure a 2-
cm margin about the tumor. If, however, the initial evaluation is considered to
be positive, a program of craniospinal irradiation and intrathecal chemotherapy
will be carried out.

It has been mentioned that patients with GU rhabdomyosarcoma had
unusually good survival rates. However, in many cases, survival was achieved at
the cost of an extensive mutilating type of surgery such as pelvic exenteration.
In IRS-2 the possibility of changing this approach is being evaluated. Therefore,
patients with pelvic rhabdomyosarcoma (that is, the patients with primary
tumors involving the bladder, prostate and vulvo-vagina) will be handled
separately. These patients will receive primary chemotherapy (that s,
preoperative chemotherapy). Two courses of pulse-VAC are given. The clinical
status is evaluated by the pediatric oncologist and by the surgeon (urologist or
gynecologist) at week 8. At that time it is determined whether a) the disease has
shown partial or complete regression or b) the disease has shown no response or is
progressive, (that is, there is increasing disease). If there is complete or partial
regression at week 8, chemotherapy is continued for 8 more weeks. At week 16,
definitive surgery is carried out. It is hoped that a less than radical surgery can
be used and that exenteration can be avoided. No postoperative radiation
therapy is planned if the tumor can be completely resected. If there is residual

tumor postoperatively, then radiation therapy will have to be employed.

OSTEOSARCOMA

Background

Osteosarcoma is a primary cancer of the bone which occurs predominantly in the
young between 10 and 30 years of age. It is also a tumor that had been
considered to be radioresistant and chemoresistant. For decades, the survival
rate had been consistently low. Regardless of the treatment used, the survival in
all large series was less than 20% and in many, considerably below 20% (34). It
would seem reasonable to assume, therefore, that a patient in whom a diagnosis
of osteosarcoma is made, has an 80 to 90% probability that he has already either

demonstrable or occult microscopic metastases. It is a tumor in which the
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primary lesion can be effectively and completely removed by amputation. Thus
any change in the survival pattern must be attibuted to treatment that is
instituted after or in addition to the surgical removal of the primary tumor, i.e.

surgical adjuvant therapy.

Adjuvant Chemotherapy

Adjuvant chemotherapy is defined here as treatment used in a patient with
osteosarcoma who has no demonstrable evidence of disease other than the
primary tumor. The primary tumor is extirpated surgically (generally and until
recently, by amputation). The chronology of the evolution of the adjuvant
chemotherapy program for osteosarcoma at M. D. Anderson Hospital will
illustrate the recognition and introduction of various drugs into the program at
different times (table 3)(35). A single agent approach using phenylalanine
mustard (PAM) was started in 1962. The results from this initial PAM study were
unimpressive. Among 14 patients treated with PAM there was no improvement
in survival over the general experience. In 1969 VAC was evaluated as adjuvant
therapy, primarily because of the very good results which were being seen in
childhood rhabdomyosarcoma with the VAC regimen (23). The results from the
pulse-VAC regimen were most encouraging. Among 12 children treated, 4 or
33% remained disease free (35).

About that time, the Adriamycin data became available (36). PAM, VAC
and Adriamycin were therefore combined into the 4-drug program acronymically
designated as CONPADRI-I (about 1970). The drugs were given in several
combinations on a schedule determined by patient tolerance over a period of 54
weeks. In the first 18 patients treated, 10 have remained disease free - a
survival rate of 55% (37). These patients are now all 6 years and longer from
time of diagnosis. With the demonstration that HD-MTX was effective in
metastatic osteosarcoma (38), MTX was added to CONPADRI-I, making the new
program a 5-drug combination (COMPADRI-II) in 1972. Since then there has
been a progressive modification of the combination to formulate COMPADRI-V.
In general, the modifications were intended to make the treatment more
effective by increasing the dose and by increasing the frequency, generally, of
the methotrexate courses.
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In COMPADRI-II and COMPADRI-III, the methotrexate was used at the

front-end. The results have been somewhat disappointing. Because of late
relapses, particularly with COMPADRI-II, the survival curves appear to be no
better than the curve for CONPADRI-I. COMPADRI-III was intensified first by
increasing the frequency of HD-MTX pulses. The MTX-pulses consist of two
doses given a week apart. Three pulses are given during the first 9 weeks (or 6
doses of HD-MTX). Second, the total number of pulses were increased, and third,
the doses for MTX and Adriamycin were also increased. Most recently, the
adjuvant program has been modified again to COMPADRI-V. This was done to
adapt the chemotherapy regimen to increasing interest in limb salvage
procedures and to minimize the delay of chemotherapy in many patients because
of surgery.

Schematically, in COMPADRI-V the diagnosis is made within 24 to 48 hours
after initial visit, in almost all cases through a needle biopsy. HD-MTX pulses I,
and II, a week apart, are started. There is a 5 week rest period. Then pulses III
and IV, again a week apart, are given. Definitive surgery is done about week 6.
The second phase consists of Adriamycin. During the third phase, additional
chemotherapy is given through week 54. On the basis of available data, the
current capabilities in managing patients with osteosarcoma can be projected to
provide disease-free survival at this time, in 50 to 70% of the patients presenting
with non-metastatic disease (39). The overall survival should be even better.
The data at M.D. Anderson Hospital show that in patients under 20 years of age
with extremity lesions, the 3-year survival rate is 79% (40).

Much has been accomplished in the management of osteosarcoma, but
further work still remains to be performed. With respect to future goals and
current activity in the management of osteosarcoma, the following areas need to
be considered:

(1) There is still need to improve the efficacy of treatment. Late relapses
have occurred in practically all series treated at various centers. The potential
combination of chemotherapy with radiation therapy still needs additional
evaluation.

(2) The potential and the applicability of limb-salvage procedures are
being evaluated in many centers. Surgical excision of tumor with prosthetic
replacement are being successfully achieved with functional limb preservation.

(3) Increasingly aggressive surgical, radiotherapeutic and chemothera-
peutic modalities are being combined to achieve longterm survival even after the

development of metastases.
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(4) One of the precepts of surgical treatment of osteosarcoma has been
the complete removal of the entire bone involved with tumor. With
chemotherapy it is possible that transmedullary amputation (that is, amputation
through the involved bone) may become more widespread. The presence of a
stump greatly facilitates the use of prostheses.

(5) In some circumstances, is it possible to think about prophylactic
therapy? Considerations along that line requires that the population at risk must
be identified and the magnitude of the risk must be assessed. Such populations
include survivors of retinoblastoma (20), particularly those with bilateral

retinoblastoma, and survivors of Ewing's sarcoma treated with radiotherapy (41).
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AN OVERVIEW OF ADJUVANT THERAPY IN MAN
Emil J Freireich
University of Texas System Cancer Center
M.D. Anderson Hospital and Tumor Institu.te

Houston, Texas

INTRODUCTION
The ooncept of "adjuvant therapy" began with the observation that the
administration of chemotherapy to patients who have had effective local control
of their malignancy with surgery and/or radiation could result in substantial
improvement in disease-free interval and survival. Basic to this concept was the
idea that these drugs were more effective when administered in association with
the primary therapy for local control than when administered only to patients
with far advanced disease. This understanding of adjuvant therapy when applied
to the role of chemotherapy in the management of patients with malignancy is no
longer appropriate, primarily because an "adjuvant" is clearly auxiliary to or
enhancing of the benefit of the primary form or forms of treatment. In this role,
adjuvant therapy, like antibiotics, nutritional support and other non-specific
methods of treatment, is considered as secondary rather than as a major and
important component in the overall treatment of the patient's disease. The basic
proposition in this paper is that this concept of adjuvant therapy when applied to
the use of chemotherapy in patients with early disease should be abandoned and
replaced by the concept of multi-modal treatment. In other words, the decision
as to whether a given form of therapy is primary or secondary is not crucial.
What is crucial is that the choice of the methods of treatment should be
appropriate and that the optimal sequence of those methods should be employed

to produce an overall strategy for cancer management.

THE MANAGEMENT OF SYSTEMIC CANCER
If cancer were viewed as an illness which always begins in a specific site or
specific organ and is derived from a single or small number of cells, then the
concept that the aggressive removal of the tumor in its site of origin provides
the definitive treatment would appear to be reasonable. Furthermore, if it were
accepted that cancers begin in local sites, then spread locally and regionally
before they spread to the systemic circulation, then this would strongly support
the idea that the early detection and treatment of malignancies with ablative
and destructive techniques such as surgery and radiation is a reasonable

therapeutic approach, particularly while they are limited to a specific region.
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This intellectual formulation has led to the strategy of a progressively more
radical surgical attack on primary tumors, and progressively more radical
radiation therapy approaches, leading ultimately to total body irradiation.

At this phase in our knowledge of the biology of malignant disease in man,
we must abandon this old concept of the biology of cancer and recognize the
important fact that malignant transformation, even when it occurs in a single
cell or a small number of cells, results in the capability of the tumor to extend
beyond the normal organ confines of the differentiated stem cells from which it
arose. This property of invasiveness is clearly one of the most fundamental
changes responsible for the malignant process. Obviously, disorders of
proliferation and differentiation which are not associated with the ability to
invade give rise to tumors which are benign and totally manageable by local
methods such as surgery and radiation. It is, in fact, the property of the cell
which allows it to invade, the metastatic potential, which identifies the clinically
significant part of the problem (i.e. the cancer) which demands the attention of
the clinical scientist and the treating physician. It is clear that tumors have a
wide spectrum of ability to invade beyond the site of origin. Therefore, the
important undertaking, once the diagnosis of cancer is made, is to assess this
metastatic potential and its capability of killing the host. Those tumors which
have this metastatic potential as identified by cytologic, histologic or biologic
criteria produce a systemic disease and thus local control as primary therapy can
only be frustratingly ineffective. Therefore, the diagnostic challenge in cancer
treatment is the clear identification of those patients who have systemic disease
as opposed to those who have disease which is locally extended and can therefore
be managed with primary local therapy. For those patients with systemic
malignancy the primary form of therapy must be systemic and the "adjuvant"
may or may not include local forms of treatment. For tumors which are confined
to local areas, local therapy should be adequate, and adjuvant treatment with
systemic therapy is probably harmful to the host and therefore not indicated.
Thus, the fundamental change in our perception of malignancy involves
identifying those patients who have systemic disease at the time the cancer is
recognized and working out the strategy of combined systemic and local therapy
which offers the patient the maximum benefit with the least potential risk of
toxicity and loss of body organs.

EARLY TREATMENT VS LATE TREATMENT
One of the basic principles in the early development of adjuvant chemotherapy is

the important observation that cytotoxic drugs used for systemic chemotherapy
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have a lethal effect on cells with a dose response that could be described as
exponential. In other words, based on repeated in vitro and in vivo observations,
for a given-exposure ‘to a cytotoxic chemical, the proportion of malignant cells
which are killed is relatively constant over a fairly wide range of tumor cell
concentrations. Thus, drugs which have only a palliative effect when the number
of tumor cells is large, can in fact be curative when the number of tumor cells is
small. While this principle has been well documented in cell cultures and in
animal tumor models, it depends upon the similarity of tumor growth and the
action of the drug upon tumor between those who have clinically detectable
disease and those who have micrometastatic disease. There are many clinical
observations which indicate that this is probably not the case in human
malignancy. One important observation is that certain sites of metastasis have
differing susceptibilities to drugs. The pharmacological sanctuary in the central
nervous system is a striking example of this, and this phenomenon has been
observed not only in the leukemias, but also in a number of other malignancies.

Another important reason that early treatment with chemotherapy is more
likely to be effective than later chemotherapy is that the health of the host
tissues and organs is significantly better in the patient with early disease than in
the patient with advanced disease. Once metastases begin to compromise organ
function, the patient's tolerance for systemic therapy is diminished and doses
must be compromised. Laboratory and clinical evidence suggests that there is a
very steep dose response curve for virtually all of the cancer chemotherapy drugs
and that major reductions in effectiveness occur with even minor reductions in
dosage or concentration of the drugs. Therefore, the overall performance status
of the host, particularly the patient with advanced disease, has proven to be one
of the most important prognostic factors in determining the outcome of
treatment with chemotherapy.

The potential for more easily tolerating therapy combined with the
probability of an improved response because of the smaller volume of malignant
tissue, forms an important justification for the earliest use of systemic therapy
after the diagnosis of systemic cancer is made, rather than delaying therapy.
Chemotherapy thus joins other treatment modalities in being most effectively
applied when the least amount of malignant tissue is present. This prompts the
therapist to consider chemotherapy in the primary management of the patient
rather than reserving it for the advanced stages when it will preciictably have
only a palliative effect.
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HOW TO DIFFERENTIATE SYSTEMIC FROM LOCAL CANCER

The primary responsibility of the physician caring for the patient with cancer is
adequate staging of the disease. This staging procedure permits estimation of
the probability that the patient has already developed systemic disease. Many
important developments have occurred in the field of staging. One example is
the use of the carcinoembryonic antigen (CEA) to assist in staging the extent of
disease in patients with malignancies of the gastrointestinal tract, the breast,
and other organs. Patients who have elevated levels of CEA which return to
normal after surgery have a much lower probability of having systemic disease
than those in whom the level remains elevated despite what appears to be
curative local therapy.

The classic methods for staging the extent of disease revolve primarily
around the demonstrated ability of the tumor to invade adjacent tissues. Thus, in
melanoma, the thickness and the depth of tumor invasion are clear and strong
predictors of the probability of systemic disease. Likewise in breast cancer, the
histologic demonstration of malignant cells in regional lymph nodes is a strong
indicator that systemic spread of malignancy has already occurred. For each
malignancy, depending on its site of origin, there are many factors which
independently contribute knowledge about the probability of systemic disease
requiring systemic therapy. Many of these factors, of course, are interrelated.
For instance, the size of a breast primary is correlated with the probability of
lymph node involvement. Likewise, cytologic grade of malignancy in the primary
is also correlated with regional spread. Therefore, it is important to develop
methods for analyzing such multiple interrelated factors simultaneously in order
to reach quantitative estimates of the likelihood of systemic disease at the time
of diagnosis. Multifactorial statistical analyses are thus being used increasingly
to assess the probability of systemic disease. The application of these statistical
methods allows for the identification of those patients with a high probability of
systemic disease who would most likely benefit, and possibly be cured, by the

early application of systemic therapy.

WHICH MODALITY OF CANCER TREATMENT IS THE "ADJUVANT"?
Once the diagnostic staging procedure is completed, if the patient has a high
probability of systemic disease, it becomes clear that the primary treatment
modality is to be systemic therapy or chemotherapy. Any indicated local forms
of therapy, such as surgery or irradiation, would then be adjuvant to the primary
treatment. At the other extreme, of course, patients who have a low probability

of systemic disease should have local therapy as their primary treatment
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modality and chemotherapy must be considered adjuvant. The question as to
which treatment modality is primary is of more than minor importance, because
systemic disease will progress unabated during the time devoted to local control
in patients who receive only local therapy initially. For both surgery and
irradiation, this may involve months of therapy or recovery from therapy and this
time may be significant in the natural history of the disease. Potentially curable
systemic illness (micrometastases) may become incurable while the local therapy
is being administered. Therefore, the choice of the primary treatment modality
affects the overall therapeutic strategy for such patients. The proper sequence
of treatment therefore depends to a great extent upon the diagnostic staging
evaluation of each patient with malignancy, and an assessment of the probability
of systemic disease.

Perhaps more importantly, the decision as to which treatment is adjuvant
also raises the question: "Who is the doctor?" With our present methods of
cancer diagnosis and staging, it is essential to obtain a portion of the tumor by a
surgical procedure, and therefore the surgical specialist is frequently the original
physician involved in outlining the overall treatment strategy. In many centers
and institutions, it has become the practice for surgeons to actually supervise the
systemic therapy or the chemotherapy. This is no more logical than to ask the
medical oncologist who specializes in chemotherapy to be responsible for the
surgical modality of treatment, or for the radiotherapy. If systemic treatment,
or chemotherapy, is to be considered in the primary management of the patient,
then the medical oncologist must be involved in the original treatment decisions
in order to assure that it be included if indicated and, perhaps more importantly,
that it be administered in the most technically efficient dose and sequence. This
is the field of expertise of the medical oncologist.

For many malignancies, technically efficient and effective local therapy is
a significant part of the staging of the patient's disease. For example, in
melanoma, resection of adequate tissue to assess the level of invasion is crucial
in consideration of prognosis. Likewise, in breast cancer, evaluation of regional
lymph node involvement is an important phase of determining the extent of
disease. Therefore, the local surgical management frequently takes sequential
precedence because it is involved in the staging procedure. However, as
improvements are achieved in regional control with radiation therapy and
systemic control with chemotherapy, modifications in the surgical strategy are
being made. For example, at many centers, in the staging of breast cancer

axillary lymph nodes are now only biopsied rather than removed in contiguity.
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Thus, the proper sequence for modalities of treatment is currently evolving in an

effort to preserve the original organ function in its most advantageous form.

THE REQUIREMENTS FOR INCLUSION OF CHEMOTHERAPY
IN THE MULTIMODAL MANAGEMENT OF MALIGNANCYIJ‘t
Drugs in those schedules which result in substantial regression of advanced
disease have been identified as useful, and should be used also for early
treatment of malignancy. Conversely, drugs or schedules which have unknown,
minimal or no effectiveness against advanced disease should not be used for early
treatment. When ineffective drugs have been used in adjuvant chemotherapy
studies, they have resulted in minimal or marginal benefits to the patients, and
have generally produced toxicity. It seems quite fruitless in the adjuvant setting
to employ drugs in dosages or schedules which are known to be without effect in
advanced disease. There have been sufficient studies to demonstrate that such
strategies will not be effective. For example, in the case of colon cancer, the
literature is extremely confusing. This is because chemotherapy for advanced
metastatic colon cancer is, at best, only minimally effective with less than half
of the patients showing any objective regression, and these treatments have to be
given in doses which have considerable toxicity for the host. Thus, the literature
on the use of chemotherapy adjuvant to surgery for colon cancer is full of falsely
negative studies where inadequate doses of a marginally effective drug are being
evaluated. It is not surprising that the outcomes reveal no effective benefit to
the patient. In breast cancer, on the other hand, individual drugs and
combinations of drugs have shown objective response in a large percentage of
patients with metastatic disease and it is now clear that chemotherapy given as
adjuvant to surgery is effective in prolonging the disease free interval and
survival. Thus, it is clear that the choice of treatment for patients with early
cancer must be drawn from treatments of proven value for patients with
advanced disease.

The quantitative assessment of effectiveness of treatment in advanced
disease is particularly important in this connection. It is now clear that drugs
which produce partial objective regressions of 50% or more in advanced’disease
are not sufficient to have detectable effects on early disease except in tumors
that have extremely long doubling times. When chemotherapy for advanced
disease results in detectable frequencies of complete remission, then the use of
these drugs in patients with early disease is strongly indicated and to date has
consistently given beneficial outcomes for the patients so treated. Thus,

evaluation of chemotherapy regimens as adjuvant to local control requires that



250

complete remissions (that is, more than 90% regressions) be observed in a
detectable fraction of patients with the advanced metastatic form of that

disease. Such treatment regimens are attractive as adjuvant therapy.

ADJUVANT THERAPY LESSONS
FROM THE TREATMENT OF ACUTE LEUKEMIA
Adult acute leukemia is a disease which is almost uniformly systemic at the time
it is diagnosed. Because it arises from the stem cells of the bone marrow, an
organ which is widely dispersed throughout the flat bones of the body, the tumor
cells have ready access to the blood and metastasize very early in the evolution
of this disease. Thus it is rarely, if ever, diagnosed while confined to a local or
regional area. This form of systemic cancer, therefore, serves as an important
prototype for the development of ideas relating to adjuvant therapy.

Until recently objective complete remissions (greater than 90% reduction
in the amount of leukemic disease associated with complete recovery of the
myeloid bone marrow function and restoration of normal concentrations of
formed elements in the peripheral blood) were observed in less than 10% of the
treated patients with acute leukemia. Stated negatively, 90% of patients with
this diagnosis showed only minor regressions of tumor with available drugs. At
the present time, more than 2/3 of patients with acute leukemia can be restored
to a clinical condition indistinguishable from normal with combination
chemotherapy regimens. Thus, 2/3 of patients today with a documented form of
systemic far advanced "stage IV" malignancy can be restored to a condition in
which they have no evidence of residual disease. It then becomes necessary to
identify the reasons for failure to induce remission in the 1/3 of patients with
this tumor who fail to respond, in order to modify chemotherapy for these
patients in the hope of achieving long-term remissions or cures. Multifactorial
statistical techniques, (especially stepwise forward regression analysis) using
currently available combination therapy, does in fact identify a group of patients
who have a poor probability of responding.5 The factors which help to predict
the probability of response include the age at the time of diagnosis (with youth as
a favorable factor), no history of pre-leukemic bone marrow disturbance
preceding the onset of leukemia, and the morphological diagnosis of disease (that
is, myeloblastic or differentiated acute leukemia versus lymphoblastic or
undifferentiated leukemia).6 Creation of a logistic regression equation as a
model for predicting probability of response allows the calculation of the exact
probability of response to primary treatment for each patient. Thus, patient

populations with over 80% probability of response can be identified which are
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certainly candidates for administration of currently available combination
chemotherapy. In contrast, one can also identify patients with a very low
probability of response to the existing treatments, and it would seem futile to
treat these patients with current treatments. It is for this poor prognosis group
that new systemic therapy is needed and justified in order to improve the
probability of response.

If treatment is administered until the patient is free of disease and then
discontinued, the disease will recur promptly in virtually all of the patients
without further treatment. The median time to relapse is two to three months
and more than 90% recur within 8 months. Thus, with our current methods for
estimating residual leukemic disease, it is clear that the patient in complete
remission, while rendered free of objective evidence of disease, still has residual
systemic leukemia which will recur in the absence of further treatment. Thus,
for acute leukemia, the process of remission induction is analogous to the process
of primary local treatment for the solid tumors. For example, a post-
mastectomy breast cancer patient whose staging revealed more than four
involved axillary lymph nodes or unfavorable local signs in the breast is in a high-
risk category for recurrence. That patient is in a situation similar to the patient
with leukemia in complete remission, in that there is micrometastatic disease
with a high probability of recurrence.

Now that a high percentage of complete remissions can be attained, the
important consideration is the choice of treatment (i.e. adjuvant therapy) for the
patient in remission in contrast to the patient with extensive disease. In acute
leukemia, we have recently documented that the factors which predict for
duration of the disease free interval or duration of remission are entirely
different from those factors which predict for probability of remission.7 One
factor affecting response duration is sensitivity to drugs. Thus, the prognosis of
the patient in complete resmision is affected by the sensitivity of the disease to
the treatment chosen as adjuvant. In leukemia, this can be assessed by the
rapidity of regression of the documented disease in the blood and bone marrow.
The recent introduction of in vitro techniques for evaluating drug sensitivity of
the cells offers the prospect of applying the same principle to a number of solid
tumors as well. The second group of factors influencing the duration of the
disease free interval or the duration of remission relates to the extent of disease
prior to the onset of remission induction therapy. Thus, patients with greatly
elevated serum lactate dehydrogenase levels or extensive invasion of the blood
have a higher probability of relapse even though they achieve the same quality of

complete response. This, of course, is strongly analogous to the solid tumor
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situation in which the extent of both the primary and local invasion are the most
significant factors predicting for probability of systemic relapse. Thus, in
leukemia, a systemic disease at the outset, the choice of combination
chemotherapy for local§control renders the patient free of disease and
accomplishes both staging and debulking objectives. In other words, it reduces
the body burden of tumor and restores organ function to as nearly normal as
possible.

In the adjuvant situation, the patient has no objective evidence of residual
disease, and we are therefore attempting to devise a treatment which will
eliminate micrometastatic disease and result in prolongation of the disease free
interval. This is an enormous challenge for the clinical scientist since it involves
the decision to render potentially toxic treatment in the absence of objective
evidence of disease and in the presence of a finite but detectable probability that
the patient is already cured by the local treatment. In leukemia there is
evidence that a small fraction of patients is, in fact, disease free with minimum
treatment. With continued chemotherapy during remission, it can be
demonstrated that at least 15 to 25 percent of patients who receive effective
treatment for more than one year following the induction of remission have
prolonged disease free periods in excess of two to three years. Patients who
remain disease free for that period of time have a greatly diminished risk of
recurrence. Thus, the choice of treatment for the patient who has no evidence
of disease must be based on quantitative and objective evaluation of the risk of
recurrence. The choice of adjuvant therapy must be influenced by documented
improvements in disease free interval and decrease in relapse in the patient

populations studied.

TREATMENT OF THE PATIENT
WHO HAS NO EVIDENCE OF RESIDUAL DISEASE
The concept of adjuvant treatment should be replaced with the concept of
therapy given to patients who have no clinical evidence of residual cancer. This
is the prototype for the adjuvant situation. If a patient with systemic metastatic
cancer has complete remission and therefore no evidence of disease, does local
therapy either to the primary site or to sites of massive disease improve the
overall salvage rate or the quality of the palliative effect as measured by
prolongation of disease free interval? This question is under active investigation
by many investigators. Likewise, in the surgically treated patient, is radiation
therapy indicated for extended local control? Can it be justified, considering

increased morbidity? Even more difficult, however, are the decisions involving
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the use of chemotherapy where morbidity is frequently high compared to the
other modalities of treatment.

The primary problem in the treatment of the patient without residual
disease is objective, accurate, quantitative and expert evaluation of benefit/risk
ratios. This is a term widely used and abused in the lay literature, but a concept
which clinical scientists cannot avoid. For each patient, the potential for benefit
by early treatment in the absence of clinical disease must be balanced with all of
the morbidity, cost, inconvenience, etc., associated with the administration of
treatment. The decision-making process of the clinician should begin with the
development of objective, quantitative criteria and the use of multifactorial
statistical techniques for converting multiple factors into single quantitative
statements of risk. This requires extensive knowledge, analysis and
understanding of our historical data in order to prescribe therapy, and also to
guide clinical trials in adjuvant treatment. Knowledge of the patients at high
risk of relapse would induce highly developmental treatment programs to be
used in such patient populations. In contrast, where a low risk of recurrence
exists, it seems clear that observation of the patient for the earliest detectable
evidence of either residual or recurrent disease along with treatment for

remission induction is the wiser strategy.

SUMMARY
Now that chemotherapy can be curative in a small but detectable fraction of
patients with demonstrated metastatic disease, it must be considered for possible
treatment of patients with early disease. The major questions to be resolved in
cancer management are: 1) the intelligent choice of modalities of treatment
which are necessary and sufficient for controlling any malignancy; 2) whether
multiple modes of treatment are indicated; and 3) the choice of treatment
strategy (the sequence of treatments). Increasingly, chemotherapy is assuming
the role of primary treatment for patients with malignancy with surgery and
radiation therapy serving as adjuvants. While a growing number of early stage
solid tumors are being adequately managed with surgery and radiation,
chemotherapy has proven effective in advanced disease and is being used as
adjuvant to local control. Because this "multi-modal" strategy offers a wide
range of therapeutic options, the knowledge and expertise of the practitioners of
each modality of treatment must be involved in treatment planning for a growing
number of patients with malignant disease. For each patient with malignancy,
the primary requirement is for adequate staging to assess the possibility of his

having systemic disease at the time of diagnosis. Based upon that knowledge, the
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secondmost important question is whether the benefit/risk ratios support the
recommendation for treatment of a patient who has no objective evidence of
residual disease, but has the risk of systemic disease.
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AN OVERVIEW OF UNCONVENTIONAL (FRAUDULENT)
TREATMENTS OF CANCER
Daniel S. Martin
Catholic Medical Center
New York, New York

INTRODUCTION

Cancer fear runs rampant, and it is not polite to even question the so-called
facts. Frequent news stories, television documentaries and magazine features
often refer to an "epidemic" of cancer as the price for the benefits of modern
civilization. Today everyone seems to believe that the additives, synthetic
colorings, flavorings and hormones in food, the water we drink, the polluted air
we breathe, cigarettes, hair dyes, saccharine, cyclamates, etc. etc. - you name
it - everything is suspected, proven, or feared as a cancer-causing agent, a
carcinogen. And so it is popular to believe that modern technology has made us
victims of adulterated, over-processed food, and filled our workplaces and total
environment with cancer-causing chemicals.

Contrary to media assertions, there is no general cancer epidemic. When
population increase and age-adjustment are taken into account, and cancers of
the respiratory tract are removed from consideration, the overall cancer
incidence is found to have decreased slightly since 1950. The recent increase in
cancer incidence is limited entirely to lung cancer. However, it is not germane
to this article to discuss this facet of the cancer problem. Cancer - apparently
considered the most frightening disease of all - in the trade parlance of the
media, "sells". Thus, media hype has led to ever-increasing public acceptance
that there is a cancer epidemic, and aroused public concern about what to do
about it (e.g., prevention research vs. treatment research). Today, cancer has

become a shrill political issue.

NUTRITION AND CANCER
In the uncertainty and confusion concerning the cause(s) of cancer, nutrition is
often cited as a possible environmental factor, and the nutritional quacksters are
having a "field day". To understand this phenomenon it should be recognized that
food has always had a role in medicine and folk tradition. Through the ages food
has been of central importance to man. Major religions have concerned
themselves with food. Witness the Biblical injunction of the Jews against pork,
or the religious vegetarian food practices of the Hindus. There has always been a

vast food folklore, such as the belief that garlic possesses a mystic healing
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potency. There is the simplistic notion that "we are what we eat", and children
are admonished to eat food that is "good for you" and to avoid food that is "bad
for you". The allure of food fads, and food cults has complex and deep-reaching
roots. There are many false beliefs about food, and fake food cures for chronic
disease problems are a major public health problem in America. The public is
deceived by individuals who exaggerate facts and deal in pseudoscience.

The problem is complicated in that the nutritional appeal is inadvertently
helped along by science. There is, of course, validity to the study of nutrition
and cancer. Hence, there are proper scientific reports in the literature about
dietary links to cancer. Cancer often induces loss of appetite with accompanying
severe weight loss and drastic deterioration of the patient. It is not surprising’
that improving the cancer patient's nutrition has been shown by medical
scientists to enhance the patient's immunologic status, as well as the ability to
better tolerate cancer treatments such as chemotherapy. Such scientific studies
frequently are reported in the public media. Twisted by the quacks to their
purpose, these reports lend a respectable background to their misleading
discussions about nutrition and cancer.

I recently received a somewhat amusing letter from a stranger, a
layperson, who explained these matters in the following way: "I assume you are
aware that ... (fake cancer treatments are being advanced) ... by an 'underground'
of medical doctors who call themselves 'nutritionists'." Now, I am familar with
some of their theories and they are just near enough to the truth to be
convincing. But, since to talk intelligently about any subject requires almost as
much expertise as the professional, they are able to fool many people on crucial
points. They are not quacks or fakers - if they were they could be dealt with.
They are fanatics. They are sure - but absolutely sure - they are right. And
there is no doubt that for many people changes in diet are beneficial, not because
nutritionist theories of disease and malfunction are valid, but because most
people are eating unadulterated crap - you will pardon the expression. Thus, you
have a deadly situation - fanatics, with theories that are not really that
erroneous, provided they do not define disease in nutritional terms, and the fact

that some of the courses of behavior they recommend are "beneficial".

NUTRITIONAL MISINFORMATION
Through books, pamphlets, mail-order advertising, radio and television, "health"
conventions, sales conversations in "health food" stores, media articles, and
special "health" magazines, cancerophobia is promoted. The books are very well-

written, with clever subtleties and innuendoes that are misleading, with
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exaggerated facts boldly interspersed with blatant untruths, and with references
to erroneous research. Our freedom of speech laws protect the quack - anybody
can write or preach any false health statement. The FDA can only act against
misleading labels on products.

Quack pseudonutritional medicine promotes its cause by spreading mis-
information about health and nutrition, and by undermining faith in the regular
food supply. The promotors are also clever at turning real facts to their
advantage. For example, they cunningly over-emphasize a possible cancer risk in
food additive, but do not reveal that its cancer-causing potential is only an
assumption; that is, a scientifically hypothetical risk. Of 120 pesticides thought
to be possible carcinogens only 11 have been shown to be cancer-causing, and
then only in animals. Nevertheless, they will take advantage of these facts,
cunningly extrapolate from the assumptions, and inflame further the highly
emotionally-charged fear of cancer.

Nutrition seems to be a subject that all feel they can understand. Everyone
is either knowledgeable, claims to be, or feels that, without any background, he
can nevertheless learn all he or she needs by reading any so-called nutritional
publication. The field of nutrition is filled with dogmatic statements, some of
which are true, some of which are false, and many of which are still to be
determined. The so-called "facts" that are being stated frequently have nothing
to do with what is scientifically proven about metabolic pathways, cell and organ
physiology, or even common sense. No matter, for the uninformed, the ignorant
and the faithful, believing is all that matters. In the cancer area, desperation,
the fear of becoming one of the desperately ill, and wishful thinking apparently
wipe out all reason. Thus, there are many so-called "nutrition experts" who
broadcast nutritional misinformation on radio programs, on TV talk shows, and in
"health" books, although they have had virtually no nutritional or health science
training. Despite this, their articles are sought by "health" publications that are
replete with nutritional misinformation. The reasons for all this activity are
simple. There is "big money" to be made in food quackery; and, as stated earlier,
anybody can write or preach any false health statement without fear of legal

reprisal.

WHY ARE PEOPLE SO VULNERABLE TO EXPLOITATION
IN THE FIELD OF NUTRITION?
There is widespread belief that the food industry has overpurified processed
foods, that certain key nutritional elements (such as vitamins) have been

removed, that the so-called "naturalness" of the food is gone. An example of the
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attempt to manipulate the public in this regard is the claim that "organically-
grown food" is grown differently from "regular" food - this is true - and therefore
is nutritionally superior to "regular" food - this is untrue. Chemicals, whether
provided by artificial or "natural" (manure) fertilizers, are all utilized by plants
in their inorganic natural state. No differences have been found in major
nutrient values between organically grown and regular foods. Nor should there
be. After all, nutritional factors in food are controlled by the plant's genes.
Yet, the organic food lobby utilizes publications to spread misleading "health"
information to frighten the public into buying their product. They profit greatly
because food labeled "organic" usually has a very large mark-up. To claim that
organic food is qualitatively superior to regular food is false scare propaganda
for personal profit.

The nutritional quacks vigorously lobby congress for the "freedom to
choose" unproven cancer remedies. It is not surprising for politicians to develop
personal biases in favor of pressure groups who furnish campaign funds, or who
promise blocs of votes. The quacks are well-organized, well-financed, and
cunning. For example, their "freedom of choice" policy states that they "oppose
the efforts of any one group to restrict the freedom of practice of qualified
members of another profession". Behind these piously stated words with the good
old-fashioned ring of Americanism lurks their real goal: the true facts (i.e.,

science) should not be allowed to drive quackery out of the marketplace.

THE "FREEDOM OF CHOICE" ARGUMENT IS
A CONSUMER PROTECTION TRAP
The "freedom of choice" argument was commented upon in published hearings by
the U.S. Senate's Subcommittee on Health and Scientific Resources (July 12,
1977) as follows: "The elimination of useless treatment is a valid Federal role.
It is a humanitarian role. It reduces the burden on cancer patients and their
families and allows them to exercise their freedom of choice on the basis of
informed judgments among viable alternatives".

The key word is "informed". The chooser must be properly informed, which
is to say that the imparted information must be true, a "viable" alternative. The
patient and family do not want to consider hearsay remedies - they seek a
reliable treatment that may lead to cure. "Freedom of choice" requires that the
patient be informed truthfully as to the real alternative choices.

Certainly, "freedom of choice" should not include the freedom to defraud.
The seller's desire to make money should not condone the license to misrepresent

facts. Caveat emptor - "let the buyer beware" - is an immoral, unethical and
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particularly reprehensible doctrine in the medical marketplace where human life
is at stake. Thus, the FDA has been given statutory authority by the people to
allow only drugs to reach the marketplace that are proven efficacious and safe.
The "freedom of choice" argument, slyly wrapped in an American flag, is merely
specious logic contrived to destroy consumer protection. Only the unscrupulous
can benefit. Under such "freedom of choice" the uninformed, the naive, the
innocent, the fanatics, the very poor, the very young, and the very desperately
sick, will buy a fraud from the unscrupulous, thinking it a treatment.

The "Nuremberg Code" was formulated as a guide to protect human
subjects. One of its principles is applicable: "...the person involved ... should be
able to exercise free power of choice, without the intervention of any element of
force, fraud, deceit, duress, over-reaching, or any other ulterior form of
constraint or coercion ... The ... (treatment) ... should be based on the results of
animal experimentation and a knowledge of the natural history of the disease ...
(so) ... that the anticipated results (will) justify the performance of the ...
(treatment) ..."

THE UNSCRUPULOUS AND THE MISGUIDED PHYSICIAN
There are, of course, unscrupulous individuals, and medicine is not immune.
There are also misguided, or uninformed and unscholarly physicians, who simply
do not know that in its natural progression, cancer may frequently show stable
periods, rather than inexorable growth leading quickly to death. Cancer is a
chronic disease; some people with advanced cancer can live for years before
succumbing. If an inexperienced physician naively treated a cancer patient with
a fraudulent remedy before a stable period, the unknowing physician might
conclude erroneously that the treatment was effective. No physician is well-
trained in everything. There are many physicians with little training and
experience in oncology, who have a small knowledge of recent advances in the
field. A problem for the layman, then, is to recognize the genuine authority and
expert in the field of cancer. But this problem is really inconsiderable. An
expert in any particular field is an individual qualified by recognized scientific
training and experience in that field. There are published data available in any
good library that will provide such information. As for the unscrupulous expert,
he can be perceived simply by his opinion being not "generally" recognized by
most qualified experts in the field. To insist on viewing either unknowing or
charlatan physicians as brave, independently-minded "pioneers" is naive, wishful

thinking, and represents the mindless conquest of false hope over the facts.
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THE TESTIMONIAL, THE ANECDOTE, AND THE PLACEBO EFFECT
An understanding of the "placebo effect" is central to understanding the success
of quack cancer cures. A placebo is an inactive preparation for the disease being
treated, but which is psychologically effective due to the power of suggestion
attendant upon its administration. Emotions have a strong effect on a patient's
perception of being helped by a medicine. If a frightened ill patient is led to
believe that his hopes are being met with the promise of cure due to the
administration of what in reality is a placebo, his despair can be transiently
relieved and attendant euphoria can temporarily overcome feelings of pain and
malaise. Many studies have shown that 30% to 40% of patients with post-
operative pain can be relieved by sugar pills and injections of water -- namely,
placebos.  This unreal but patient-perceived effectiveness of a drug - the
"placebo effect" - is well-recognized in the field of medicine. The self-deluded
patient derives the psychological benefit of feeling better and on his way to
recovery.

Cancer is a chronic disease with a natural history of intermittent periods of
"ups" and "downs". It is therefore not hard to understand how a cancer victim
might be lead to believe that he is benefitting from a quack "cure". To begin
with, a feeling of benefit is experienced due to the "placebo effect".
Subsequently, this feeling can be fortified by an "up" occasioned in the natural
course of the disease. The result is a testimonial by the patient, and a supporting
anecdote by observers.

These claims may be quite sincere, but the "placebo effect" is all too often
the obvious explanation. This is evidenced by findings that some of those who
believe themselves cured of cancer by a quack cure were erroneously (or falsely)
diagnosed; they simply never had cancer. Others, who did have documented
cancer, were not objectively effected by the "cure"; indeed, subsequent to their
testimonials regarding the efficacy of the "cure", they died of the disease. And
still others received concurrent proven effective therapies (e.g., surgery, or
radiotherapy, or chemotherapy) which appear to have produced the actual
benefit, although the patient ascribes the benefit solely to the quack "cure". No
matter how sincere, the testimonial is subjective, and cannot substitute for

objective scientific data.

THE "TERMINAL" ARGUMENT
The placebo effect that can accompany the administration of any drug, including
quack drugs, has been advanced by proponents of the latter as reason enough to

allow "terminal" cancer patients to have such bogus treatment.  Their
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justification is that, since such patients are beyond the help of proven therapies,
the quack "cure" cannot hurt and the patient will derive psychological benefit.
This argument recently has been declared invalid by the Supreme Court. The
Court unanimously declared that the Food and Drug Act's "safe and effective"
standard protects both the terminally ill as well as patients suffering curable
diseases. Thus, all patients are entitled to equal protection in that drugs must be
shown safe and effective before marketing.

Regardless of this logical and gratifying legal ruling, the "terminally ill"
prognosis angle is also medically invalid. No physician can predict accurately
either the survival time of an individual patient, or which patients surely will die
of their disease. Prognostic statements are based on genereal results in which
the individual's "fit" into the overall statistics can only be "guesstimated". Also,
prognostic statements are based on past results, and newer drug treatments are
continuously changing these past statistics. A small but growing fraction of so-
called "terminal" cancer patients now have long disease-free periods, and some
are even cured, by participating in new clinical research programs.

Since there is no way of knowing which patients have reached the dying
phase of their disease until after the fact of death, the taking of quack "cures"
diverts some patients from truly promising therapies that might in fact cure
some of them. The phrase "terminal" prognosis should be abandoned for the more
accurate terminology of "grim" prognosis. The former term implies certainty of
fatal outcome and such accuracy is not possible, whereas the latter term allows
the possibility that some patients may overcome their disease. The latter is
prognostically correct, and compassionately offers real hope as opposed to the
false hopes of the medical quacks.

Granting a person who is presumed under a cancer death sentence his or
her "last" wishes may seem innocent and virtuous. Such compassion is ill-
conceived in the light of the higher moral imperative of the general welfare.
People will be lead to believe that the placebo must have an anticancer effect if
all - especially the physician - conspire to such false presentation. Governmental
(legal) approval of such a drug will lend credibility to such illusion. This is a
dangerous deception, for the unscrupulous will then spread propaganda that, if
the placebo "helps" the "terminally ill", then it will "work" better on early
cancer, and also as a preventive before one gets cancer. This line of reasoning
can (and does) lure people into taking unconventional (fraudulent) treatments in
preference to proven medical therapy. The harm in taking the quack "cure" is
that precious time is lost while cancer advances to the point where no cure by

conventional treatment is possible. Compassion for a gravely ill person's
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desperately conceived "last wishes" cannot be allowed to take precedence over
the larger issue of concern for the public welfare. "Helping" a relatively few
dying advanced cancer patients, while luring a far larger number of early
(potentially curable) cancer patients to a "point of no return", is not an
acceptable trade-off. @ The overall gain in public protection substantially
outweighs the option of compassion for the few. Indeed, on many issues the
overall public interest overrides the right of freedom of choice for the individual
in our society. And, in final analysis, the "terminally ill" argument is just the

"freedom of choice" argument in another guise.

THE UNCONVENTIONAL (FRAUDULENT) TREATMENTS FOR CANCER
Quackery has always been successful in the cancer field. The main reason is
fear. Cancer engenders fear. Even the hope that proven therapies for cancer
offers is often offset by the reason that the legitimate therapies themselves
(e.g., surgery as in a mastectomy, or the toxic side-effects of chemotherapy)
give rise to fear. Place alongside these facts the testimonials that "it works and
isn't toxic" and that there are many who are naive or unknowing and distrustful
of government and the medical establishment, and the setting is ripe for
exploitation by the unscrupulous. Thus, through the years, cancerophobia has
engendered acceptance of claims that special unconventional treatment will
either control, or cure, or prevent cancer.

Throughout the ages there have been hundreds and hundreds of supposed
remedies. To name only a few in modern times, there is the Zen Macrobiotic
Diet, the "Grape Cure", the Chase Dietary Method, "Koch Antitoxins", the
Hoxsey Method, Krebiozen, the Rand Vaccine, the Bahamas "Immunologic"
Treatment and Laetrile with special diets that include the mystic use of daily
coffee enemas. For many, fear propels acceptance of the outlandish and the
unreasonable.

LAETRILE
The most "successful" of all forms of cancer quackery is Laetrile. Laetrile (or
amygdalin), a compound derived primarily from apricot pits, has been branded
worthless as a cancer treatment by every major establishment in the United
States, including state medical societies, the American Medical Association, the
Committee on- Neoplastic Diseases of the American Academy of Pediatrics, the
American Cancer Society, the American Society of Clinical Oncology, the
National Cancer Institute, key cancer research organizations (e.g., the Memorial

Sloan-Kettering Cancer Institute) and the Food and Drug Administration.
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Laetrile has been heralded by its promotors as the anticancer "vitamin",
but recognized nutritional authorities in the United States have termed this false
propaganda. Laetrile is neither a vitamin, nor an anticancer agent.

The Supreme Court has unanimously upheld the Federal government's
authority to ban importation and transportation of Laetrile as illegal in
interstate commerce because the FDA has found Laetrile not proven to be safe
and efficacious. The drug has been termed toxic and dangerous, and deaths have
been reported in both the lay and medical press.

It has been widely publicized that the principal promotors of Laetrile do
not have the appropriate credentials in research or medical or oncological
competence. Some have criminal records or have convictions for practicing
medicine without a license, or, if M.D.'s, have had their M.D. license removed for
incompetence. And, all have made huge fortunes from the sale of Laetrile.

Despite all of the obviously negative "caveat emptor" information available
to the public on this quack drug, Laetrile's advocates have persuaded seventeen
states to adopt laws legalizing its manufacture and sale within the state. A
widespread black market in Laetrile smuggled into the United States from
Mexico, Europe and South America exists. It is estimated that 50,000 to 75,000

Americans take it regularly, and their numbers are believed to be growing.

WHY DO PEOPLE PLACE THEIR LIVES, OR THE LIVES OF THEIR LOVED ONES
ON A TREATMENT WHICH IS GENERALLY REJECTED AS A FRAUD BY
ALMOST EVERYONE TRAINED AND EXPERIENCED IN CANCER RESEARCH
AND TREATMENT?

A number of the answers to this question have already been given or implied -
unreasoning fear of cancer, a belief in nutrition and vitamins as a panacea for
disease, hostility to scientific medicine, antagonism to government authority,
right wing politics, an inability to separate anecdote from scientific fact,
religious fundamentalism, gullibility as evidenced by an inadequacy or unwilling-
ness to differentiate between pseudo-scientific "experts" and legitimate
scientific authorities on nutrition and cancer, a willingness by state legislators to
seek votes without respect to the obligation to seek truth, incapacity to perceive
the inappropriateness of the specious "freedom of choice" and "terminal cancer"
arguments, and skillful use of the mass media including books, popular
journalism, cult publications, radio and television, and word of mouth through

organized meetings and conventions.
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HOW UNCONVENTIONAL (FRAUDULENT) TREATMENTS OF CANCER ARE
SUCCESSFULLY PROMOTED - HOW LAYPEOPLE ARE DECEIVED -
LAETRILE AS AN EXAMPLE
All unconventional (fraudulent) treatments of cancer have been similarly
promoted. Laetrile is a typical example of the usual historical pattern of other
unproven cancer remedies. A review of Laetrile is therefore presented, since
comprehension of one such fraud facilitates an understanding of them all.
Moreover, and importantly, such knowledge will enable earlier perception of the
next fraud. It must be recognized that as long as cancer remains an unsolved
problem, and the unscrupulous and the gullible reside amongst us, there will be a
"next" fraudulent cancer remedy.
The headings below indicate the similarities in manner of promotion of
supposed cancer remedies, while the more detailed paragraph discussions reveal

how Laetrile's promotion was actually done.

"Scientific" Claims without Supporting Data

The proponents don the mantle of scientific terminology. The Laetrile theory
proposes that a component of Laetrile, hydrogen cyanide, is released in cancer
cells because they contain the enzyme beta-glucosidase, while normal cells are
protected because they contain another enzyme (rhodonase) which detoxifies
cyanide. Despite findings that there are no such enzymatic differences between
normal and cancerous tissue, the Laetrilists nevertheless continue to make these
false assertions.

The Laetrilists also claim that laboratory studies evidenced therapeutic
activity- by Laetrile against animal cancer. In contrast, all animal studies by
researchers generally recognized as competent in the cancer field were reported
negative (except for one early study which was not subsequently confirmed, even

when repeated by the original scientist of record).

Testimonials for Clinical Evidence

The Laetrilists present case histories to support their claim that Laetrile has
clinical benefits. However, these claims have turned out to be hearsay or
subjective evidence (i.e., anecdotes and testimonials). Their claims for pain
relief fall only into the range expected for a "placebo effect". There is no
objective data.

In Hoxsey's day of quackery, he claimed he could not "spare the time,
personnel, and facilities for objective study" because he was too busy treating

cancer patients. Nothing has changed. Today's physician-advocate of Laetrile,
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Dr. E. Contreras, states "We have neither the time nor the personnel to be a

research institute. We are too busy treating patients".

Claim is Made That Cancer Causation Is Due To Diet

As is common to other unproven cancer remedies, the claim is that cancer is a
nutritional deficiency disease, and the Laetrile is the missing anti-cancer vitamin
Bl7' No evidence is presented that cancer is a nutritional deficiency disease, or
that Laetrile is a vitamin. They ignore the findings of recognized nutritional

experts that there is no such vitamin as Bl7'

Claim of Non-Toxicity

Laetrile, like all other unproven cancer remedies, is promoted as a harmless
cancer remedy free of the side-affects associated with orthodox methods of
treatment such as surgery, radiation, and chemotherapy. Yet, the facts are
documented that some patients taking Laetrile have died from the cyanide in
Laetrile.

Moreover, even if the drug were harmless (which it obviously is not), there
is no evidence that it is efficacious. A useful drug should not merely be non-
toxic, but it should beneficially effect the disease process (and not just the

promoter's bank account).

Claim for Equality of Opinion

The Laetrilists do not require that an expert be qualified by scientific training
and experience to evaluate the safety and effectiveness of drugs. Any opinion
supportive of Laetrile, regardless of the individual's lack of background as
scientist or oncologist, is, they feel, to be accorded equal weight with that of
experts recognized according to the above-defined criteria.

Yet key promoters of Laetrile have backgrounds as follows: One has been
convicted for stock fraud and other brushes with the law; one poses as an
engineer but never received the degree; one has posed as a physician but has not
the degree; one is a physician but has had his M.D. degree removed for
malpractice; one has only a college degree but poses as a biochemist and has the
gall to proclaim a substance as a vitamin; one is a board-trained psychiatrist but
claims he is nevertheless a cancer expert although he has no background of

training in oncology.
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Claim Persecution As Scientific Pioneers

It is noteworthy that quacks never refer to "scientific" medicine as their
opposition, for that might lead to the quack's characterization as "unscientific".
Rather, they refer to "orthodox" or "conventional" medicine, so they can term
themselves "unorthodox" or "unconventional", and thereby imply heroic, creative
scientific originality. For example, Laetrilists compare their "pioneers" with
earlier scientists such as Copernicus, Newton, Freud, Galileo, and Semmelweiss,

who were persecuted for their now accepted theories.

Claim "Establishment" Prejudice and a Conspiracy

The proponents of Laetrile have often accused governmental agencies and
organized medicine of a "cover-up" to hide evidence supporting their claim that
Laetrile is effective.

A favorite gambit of all quacksters has been the charge that the scientific
medical, governmental and ethical pharmaceutical "establishment" are in a
conspiracy. This is clever because there is no way to disprove it. It is not
possible to prove that something is not taking place secretly. The claim that
several hundred thousand American and foreign physicians are in a world-wide
conspiracy, although patently preposterous, is nevertheless persistently repeated
by Laetrilists.

Lack of Scientific Publication

Good scientific evidence is published after competent review by scientists in
recognized scientific journals, and presented at recognized scientific symposia.
However, there are no reports in the recognized scientific publications that
Laetrile "works". In contrast, Laetrile is propagandized by testimonials in
popular journals, health cult magazines, on radio and television as well as by

"word of mouth" in Laetrilist-organized meetings.

Claim Public Figures As Supporters

The Laetrilists claim prominent people, usually actors and politicians, as
supporters. These individuals can be easily misled, as they are not trained or
experienced in the natural history of cancer, the care of patients with cancer, or

in scientific methodology.

Claims For Political Support (In Contrast to Medical Support)

The Laetrile proponents have failed to win acceptance from scientific medicine,

but claim political success (17 states have legalized Laetrile). They claim that
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the medical "bureaucracy" has no right to withhold a patient's political right to
"freedom of choice" of a treatment which the patient wants. Their political
efforts do not address the merits of Laetrile as an efficacious drug, but rather

the issue of "freedom of choice'.

Claims (In Terms of Pseudo-Scientific Jargon) That the Method of Treatment

Can Only Be Done by Themselves

In common with the supporters of other unproven cancer remedies, the
Laetrilists stress that you "do not and cannot get results from Laetrile treatment
unless you are a trained metabolic physician". The so-called "metabolic"
physician is claimed to have special training in "metabolic therapy", and "holistic
therapy" and "alternative therapy" - all phrases with a scientific ring to the

unknowing, but pseudo-scientific nonsense to the informed.

The "Big" Lie

Taking the calculated risk that the audience is both gullible and uninformed, the
quacks do not hesitate to reiterate "big" (but false) claims. Examples are:
Laetrilists state that the Hunza people in Himalaya eat a high Laetrile -
containing natural diet and that "there never has been a case of cancer in
Hunza", conveniently ignoring reports to the exact contrary; Laetrilists claim
that Israeli medicine has reported excellent results with Laetrile, despite sworn
affidavits from Israel stating otherwise; Laetrilists continue to claim that
Laetrile is a vitamin, despite their knowledge that all recognized nutritional

experts state this claim to be false.

WHO MAKES, OR SHOULD MAKE, SCIENTIFIC POLICY?
The seventeen state legislatures that legalized Laetrile, did so despite the
opposition of the scientific and medical "establishments". These decisions were
in keeping with the longheld belief of the legitimate right of the public (through
their politicians) to decide. However, the decision makes little sense.

Legislators must have confidence in the nation's scientific and medical
institutions. If our experts are able, their judgment should be supported by the
legislators. If not, our largely tax-financed scientific and medical institutions
should be brought to the point where their expert's advice is respected. It makes
no sense to train our nation's experts and then ignore their knowledge.

There is, of course, always the danger that government by experts would be
government in the vested interests of experts. But politicians are also experts in

their field, and could not the same concern be applied to them? The vested
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interest of the politicians is to be re-elected. Could not his decision therefore be
based more on simply obtaining votes than on the overall merits of the problem?
The political danger is that his decision may be founded on what is considered
popular (or is made to appear popular by the organized pressures of special
interest groups), rather than on nature's laws. In such event, the fallacy of a
public policy so determined will soon be exposed, for nature will prevail.

These thoughts are not to be construed as advocating government by
scientific experts. It is the people who should decide what is best for the general
public, and not a single group. The best protection for a decision to be based on
merit is through a well-informed public debate. That is a course that is
dependent on the active participation of experts, but they must communicate
their scientific facts in terms that are intelligible to laymen. A poorly informed
electorate will make ill-advised recommendations to their legislators. If science
believes its opinions should meet with acceptance, then they must counsel in
plain clarifying words so easily understood that well-founded reason (based on
merit and not on politics) will trimuph. There will be instances (unlike the
Laetrile situation) where the experts themselves will not agree. At these times,
sound regulatory policies certainly will be dependent on clear and adequate
communication of all that is known if the general public's collective judgment is
to reach valid decisions.

Human values are at risk in these matters. Society will have future choices
regarding fraudulent drugs to make. Hopefully, this overview of unconventional
(fraudulent) treatments of cancer will provide additional understanding and
insight, and facilitate decisions consonant with the greatest protection of the

public interest.
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