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Magnetic Resonance Imaging of
Rectal Cancer: What Radiation
Oncologists Need to Know

Regina G.H. Beets-Tan®, Roy EA. Vliegen®, Geerard L. Beets®

Departments of Surgery and PRadiology, University Hospital of Maastricht,
Maastricht, The Netherlands

Rectal cancer carries a poor prognosis because of the risk of both metas-
tases and local recurrences. Although local recurrences have a small impact on
survival rates, they have a profound impact on the quality of life. A local recur-
rence is often debilitating because of severe pain and immobility, and prolonged
and multiple hospital admissions for surgery, radiation and chemotherapy.
Attention has therefore mainly been directed toward defining the best treatment
strategy for the primary tumor in order to obtain optimal local control, com-
bining radiation therapy [1-4] with optimal surgery, a total mesorectal excision
(TME) [5] (fig. 1).

Because high-risk patients benefit from extensive neoadjuvant treatment [6],
imaging can play an important role in the preoperative identification of these
patients. High-resolution magnetic resonance imaging (MRI) has recently
been reported to be a reliable tool for the preoperative identification of the
circumferential resection margin at TME [7, 8], an important prognostic indi-
cator for local recurrences. MRI has also been reported to be superior to CT for
the preoperative assessment of tumor invasion in surrounding structures [9, 10].
MRI is therefore more frequently being applied as a routine investigation in the
preoperative work up of patients with rectal cancer. Clinicians dealing with
rectal cancer patients are nowadays confronted not only with MR images of
rectal tumors but also with the complex MR images of irradiated rectal cancer.
This essay provides an overview of significant MR findings in rectal cancer
and illustrates some of the interpretation difficulties in MR images of irradiated
rectal cancer.



Fig. 1. Total mesorectal excision (TME). Axial T2ZW TSE MR image of a patient with
rectal cancer clearly shows the mesorectal fascia (arrowheads) enveloping the mesorectum.
The mesorectum is an anatomic compartment that comprises the rectum (T = tumor in
rectum), the mesorectal fat (asterisk), blood vessels, nerves and perirectal lymph nodes
(arrow). TME surgery removes the mesorectum by sharp dissection along the mesorectal
fascia. P = Prostate; S = sacrum.

MR Techniques and T-Staging Accuracies

The successful introduction of MRI in imaging of pelvic diseases and the
numerous reports on the high performance of MRI have over recent years
caused MRI to gradually replace CT in preoperative staging of rectal cancer.
Initial MR studies used the body coil. Because conventional body coil
techniques showed a resolution that was still insufficient to differentiate the
individual layers of the rectal wall, overall accuracies reported for body coil MRI
have not been any better than those reported for CT with figures ranging from
59 to 88% [11-17].

With the introduction of endoluminal coils, image resolution improved
and detailed evaluation of the layers of the rectal wall was feasible [18].
This was also reflected in the improved and more consistent accuracies for
T staging ranging between 71 and 91% [19-26]. With an endorectal MRI,
however, the mesorectal fascia and surrounding pelvic structures are difficult
to visualize due to the sudden signal drop off at a short distance from the coil [27],
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Fig. 2. MRI of T1 rectal cancer. Sagittal contrast-enhanced TIW TSE MR image
showing the different rectal wall layers important for T staging. The rectal tumor (asterisk)
is slightly hypo-intense to the hyper-intense submucosal layer (arrowhead) and slightly
hyper-intense to the hypo-intense muscular rectal wall (arrow). There is tumor invasion in the
submucosal layer but no invasion in the muscularis propria, stage T1 tumor. B = Bladder;
P = prostate; S = sacrum.

so endorectal MRI is less accurate for the evaluation of advanced rectal
tumors.

With the introduction of dedicated coils, phased array coils, improvement
in MRI performance was expected [28-32]. The advantages of a high spatial
resolution with a large field of view make phased array MRI suitable for
staging of both superficial and advanced rectal tumors. This is shown in
figures 2—5, which illustrate the phased array MR images of different stages of
rectal cancer.

Nevertheless the first MR studies that used the multiple surface coil tech-
nique reported an overall accuracy for T staging of only 55-65% and obviously
showed no benefit as compared to the body coil MRI or even to CT [33, 34].
The low performance of MRI in these studies could have been attributed to the
low spatial resolution that was used with the early phased array techniques. But
even when a higher spatial resolution had been applied with newer generation
phased array coil MR techniques, the accuracy for T staging was not as consis-
tent and high as anticipated with figures varying between 65 and 86% and
considerable inter-observer variability [8, 32, 35, 36].
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Fig. 3. MRI of T2 rectal cancer. Axial T2W TSE MR image shows a rectal tumor
(asterisk), slightly hyper-intense to the muscular rectal wall (arrowhead). The tumor is limited
to the rectal wall, there is no penetration into the perirectal fat, stage T2 rectal cancer.

Fig. 4. MRI of T3 rectal cancer. Axial contrast-enhanced T1W TSE MR image depict-
ing a rectal tumor (T) with tumor penetration through the rectal wall into the mesorectal fat
tissue (arrows). In contrast to the tumor in figure 9, which shows a spiculated growth pattern,
this tumor shows a more nodular growth pattern into the mesorectal fat, almost 100%
predictive of tumor penetration through the rectal wall. P = Pelvic floor muscles.
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Fig. 5. MRI of T4 rectal cancer. Sagittal T2W TSE MR image of a hyper-intense rectal
tumor (asterisk), invading and disrupting the dorsal bladder wall (arrowhead). This is the
typical MR appearance of a mucinous adenocarcinoma.

MR Techniques and Circumferential Resection Margins

So far there have been 4 reports in literature on the MR evaluation of
the mesorectal fascia and circumferential resection margins. In one study the
mesorectal fascia was visualized with a high-resolution phased array MR tech-
nique, and although the authors concluded that the depth of tumor extension
could be predicted with high accuracy, the more relevant distance between
tumor and fascia was not studied [31]. With a postoperative MRI of 26 resected
rectal tumor specimens Blomqvist et al. [37] were able to predict tumor
involvement of the circumferential resection margin with high accuracy. The
largest study to date on the MR evaluation of circumferential resection margins
in patients with rectal cancer was published by our team in the Lancet early
2001 [8]. 76 patients underwent a preoperative phased array MRI and the
images were evaluated by 2 observers. The accuracy for T staging was 83% for
observer 1 but only 67% for the less experienced observer 2. For 12 T4 tumors
involving the mesorectal fascia, both observers correctly predicted this in all
12 patients. In 29 patients who had a wide circumferential margin (>10mm),
observer 1 correctly predicted the margin in 28 and the less experienced
observer 2 in 27 patients. For margins between 1 and 10 mm, a linear regression
curve constructed for both observers showed that the crucial distance of at least
2mm can be predicted with 97% confidence when the distance on MRI is
at least 6mm. An important finding was the high agreement of the resection
margin measurements both between (intra-class correlation coefficients 0.99
and 0.91) and within the observers (intra-class correlation coefficient 0.93) in
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Fig. 6. MRI of rectal cancer with
invasion of the mesorectal fascia. Axial
T2W TSE MR image shows a rectal tumor
(T) penetrating the rectal wall. There is no
fat plane visible between the tumor and the
thickened mesorectal fascia (arrowhead),
suggesting invasion of this structure. This is
important preoperative information because
a wider excision than a total mesodermal
excision is needed in this patient to obtain
a free resection margin.

Fig. 7. MRI of rectal cancer with a
close resection margin. Coronal T2W TSE
MR image shows a distal rectal tumor in
the right lateral wall (arrow), which has
penetrated the rectal wall and extended close
to the pelvic floor muscles (arrowhead). The
measured distance between the tumor and
mesorectal fascia was 2mm on MRI and
3mm at histology. MRI is very accurate in
predicting the circumferential resection
margin at total mesodermal excision.

contrast to the only moderate intra- and inter-observer agreement for the T-stage
determination (kappa 0.53). These results were confirmed in a study by Bissett
et al. [7] on the MR determination of the circumferential resection margins in
43 patients. The authors reported a 95% accuracy on the MR prediction of
tumor penetration through the mesorectal resection plane.

This indicates that phased array MRI is very reliable for the prediction
of the circumferential resection margin. The MR evaluation of the resection
margin is more consistent and less affected by the skill of the readers than the
MR evaluation of the T stage. Some of the findings of our study are illustrated
in figures 6 and 7.
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Fig. 8. MR difficulties in distinguishing between fibrosis with and without viable
tumor cells. Axial contrast-enhanced T1W MR image shows a rectal tumor (T) with spicu-
lated infiltration (arrow) in the mesorectal fat, suggesting a T3 tumor. The spiculations
consist of desmoplastic reaction only, there were no tumor cells, histologically stage T2
tumor. MRI overstaged the tumor.

MRI of Rectal Cancer: A Word of Caution

Most staging failures with MRI occur in the differentiation of T2 and
borderline T3 lesions with overstaging as the main cause of errors. Overstaging
is often caused by desmoplastic reactions [8, 26, 38] and it is difficult to
distinguish between spiculation in the perirectal fat caused by fibrosis only
(stage pT2) and spiculation caused by fibrosis that contains tumor cells
(stage pT3) on MRI [8]. Figures 8 and 9 illustrate this pitfall best. Both figures
show similar MR pictures of 2 patients with a rectal tumor and tumoral strand-
ing into the mesorectal fat. The patient in figure 8 had a T2 rectal cancer, while
the patient in figure 9 had a T3 rectal cancer. Differentiation between T2 and
T3 tumors is difficult in the case of a spiculated growth pattern. A spiculated
pattern is usually caused by a desmoplastic reaction around the tumor, but MRI
cannot accurately distinguish between fibrosis with or without viable tumor
cells. A nodular growth pattern, as shown in figure 4, however, is more predic-
tive of tumor penetration through the rectal wall.

Interpretation problems also occur on MRI of irradiated rectal cancer.
Radiotherapy can cause tumor shrinkage, necrosis and fibrosis, as shown in
figure 10 MRI can be useful to evaluate tumor response after radiotherapy, but
one should be aware of some pitfalls [9]. Figures 11 and 12 illustrate some of
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Fig. 9. MR difficulties in distinguishing between fibrosis with and without viable
tumor cells. Axial contrast-enhanced TIW MR image of a rectal tumor shows a similar
pattern of spiculations in the mesorectal fat as in figure 8 (arrow). However, in this patient
these spiculations consisted of fibrosis with viable tumor cells, histologically stage T3
tumor. Differentiation between T2 and T3 tumors is difficult in case of a spiculated
growth pattern. A spiculated pattern is usually caused by a desmoplastic reaction around
the tumor, but MRI cannot accurately distinguish between fibrosis with or without viable
tumor cells.

Fig. 10. a MRI of rectal cancer before and after radiotherapy. Axial T2W TSE MR
image of rectal cancer before radiotherapy shows a bulky anterior located tumor (asterisk),
which has penetrated the mesorectal fat and invaded the left seminal vesicle (arrow).
V = Normal seminal vesicle. b Axial T2ZW TSE MR image of the same patient after a
long course of radiation therapy. There is a reduction in tumor size and overall the tumor
has become more hypo-intense, suggestive of post-radiation fibrosis (arrow). The central
part of the tumor has become hyper-intense or necrotic and there is also a central crater
(asterisk).

Beets-Tan/Vliegen/Beets 8
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Fig. 11. MRI of rectal cancer before and after radiotherapy. a Axial T2W TSE MR
image of rectal cancer before radiotherapy shows an anteriorly located tumor (T), slightly
hyper-intense to the muscularis propria, invading the pelvic floor muscles (arrow).
P = Prostate. b Axial T2W MR image of the same patient after a long course of radiotherapy
shows a reduction in the tumor size (arrow) and signal intensity, suggesting post-radiation
fibrosis. In the resection specimen, no viable tumor cells were detected. The residual hypo-
intense mass was based on fibrosis only.

Fig. 12. MRI of rectal cancer after
radiotherapy. Sagittal T2ZW TSE MR image
shows a hyper-intense tumor (asterisk)
invading the dorsal bladder wall (arrow-
head), suggestive of a mucinous adenocarci-
noma. The presacral fascia is thickened (P)
and shows a very hypo-intense aspect after
irradiation, resembling the radiation fibrosis
in figure 11b. However, this presacral fascia
contained viable tumor cells. MRI cannot
reliably differentiate between fibrosis with
or without tumor cells.

these pitfalls. A hypo-intense mass after radiotherapy generally represents
fibrosis, but in some cases can contain viable tumor cells [39]. Again MRI
cannot reliably distinguish between fibrosis with or without viable tumor cells.

When MRI shows these changes around the resection margin they may
cause interpretation difficulties in predicting whether the resection margin will

MRI of Rectal Cancer 9



be free. In order to minimize these interpretation problems, one should make
a baseline MRI before radiotherapy. Surgeons often dissect the whole area of
fibrosis assuming that fibrosis on post-radiation MRI indicates a former tumor
location.

Conclusion

MRI is a reliable imaging modality for the preoperative determination of
the lateral tumor-free resection margin and local tumor extent in patients with
rectal cancer. This allows an accurate preoperative selection by MRI of those
patients with advanced tumors and a high risk of local recurrence who will
benefit from more extensive (neoadjuvant) treatment. Nevertheless some diffi-
culties can occur in reading MR images, especially of patients with irradiated
rectal cancer, that prevents accurate prediction of the resection margins. Most
interpretation difficulties are caused by post-radiation fibrosis. When MRI is
going to be used for clinical decision making one should be aware not only of
the normal MR appearances of rectal cancer but also of the pitfalls of MRI in
irradiated rectal cancer. This essay has provided an overview of significant
MR findings in rectal cancer and discussed some of the pitfalls in interpreting
MRI of irradiated rectal cancer.
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Neoadjuvant Radiochemotherapy
in Rectal Cancer: For Which
Patients and Tumor Stages?

Claus Rodel, Rolf Sauer

Department of Radiation Therapy, University of Erlangen-Niirnberg,
Erlangen, Germany

Combined radiochemotherapy is the recommended standard postoperative
therapy for patients with stage-II and III rectal cancer in the USA and Germany
[1, 2]. During the last decade substantial progress has been made in treatment
modalities: surgical management currently includes a broad spectrum of oper-
ative procedures ranging from radical operations like abdominoperineal resec-
tions (APRs) to innovative sphincter-preserving techniques. Specialized groups
have reported excellent local control rates with total mesorectal excision (TME)
alone without the addition of neoadjuvant or adjuvant treatment [3, 4]. New
and improved radiation techniques using conformal radiotherapy as well as
innovative chemotherapy schedules and combinations (cabecitabine, oxaliplatin,
irinotecan) of chemotherapy may have the potential to further increase the thera-
peutic benefit of (neo)adjuvant treatment. Moreover, the basic issue of the timing
of radiochemotherapy (preoperative versus postoperative) within a multimodality
regimen is currently being addressed in prospective trials. This review discusses
different irradiation settings in more recent and ongoing studies of perioperative
radiotherapy for rectal cancer, and focuses on the issue of which patients should
receive preoperative radio(chemo)therapy, and if so, how and when.

Preoperative Radiation Therapy and Radiochemotherapy -
Pros and Cons

Among the potential advantages of the preoperative approach are down-
staging and downsizing effects that possibly enhance curative (R0) surgery in



locally advanced, e.g. T4 rectal cancer, and sphincter preservation in low-lying
rectal cancer. Moreover, neoadjuvant therapy may be advantageous also in
resectable rectal cancer as sterilization of the tumor cells prior to surgery
may reduce the risk of tumor cell spillage during surgery. The small bowel in
an inviolate abdomen will be mobile and less likely to be within a pelvic radi-
ation portal, the irradiated volume does not require coverage of the perineum,
as in the cases after APR, and there is no irradiation of the anastomotic region.
Thus, preoperative irradiation may cause less acute and late toxicity and more
patients will receive full-dose radiation therapy. In addition, a certain dose of
irradiation seems to be more effective if given preoperatively compared with
postoperatively, most probably due to the fact that oxygen tension within the
tumor may be higher prior to surgical compromise of the regional blood flow.
This may improve the radiosensitivity of the tumor by decreasing the more
radioresistent hypoxic fraction.

A major concern regarding preoperative radiation therapy is that patients
with early stage tumors or disseminated disease will often receive unnecessary
treatment, necessitating improved imaging techniques that allow more accurate
staging and selection of patients. Moreover, neoadjuvant treatment usually post-
pones definitive surgery considerably and may also be associated with
increased postoperative morbidity.

Technically, there are two approaches to preoperative radiation therapy.
The first is an intensive short-course radiation with large fractions, e.g. 5 X 5 Gy,
for 1 week followed by surgery within 1 week. The second includes 5-6 weeks
of conventional fractionation (1.8-2.0 Gy), possibly combined with concurrent
chemotherapy, and surgery 4—6 weeks later.

Preoperative Radiochemotherapy in T4 Rectal Cancer

Several institutions have applied preoperative radiation in conventional
fractionation in the treatment of fixed (T4) rectal lesions [5-9]. The goal is
to convert (‘downsize’) a tumor, which is clinically not amenable to curative
resection at presentation, to a resectable status. Minsky et al. [10] compared
preoperative radiotherapy (50.4 Gy) with or without 5-FU/high-dose folinic
acid and showed that 90% of the patients with initially ‘unresectable’ tumors
were converted to resectable lesions by preoperative combined therapy as com-
pared with only 64% of those who received radiation therapy alone. Moreover,
a complete pathologic response was found in 20% of patients receiving combined
modality therapy as compared to 6% receiving radiotherapy alone, indicating
an enhancement of radiation-induced ‘downstaging’ by concomitant 5-FU-
based chemotherapy.
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Fig. 1. Neoadjuvant radiochemotherapy regimen for locally advanced T4 rectal cancer
not amenable to radical (R0) surgery at presentation, as recommended by Junginger et al. [2]
and Rodel et al. [9].

Several phase-II trials of preoperative radiochemotherapy, including our
own study at the University of Erlangen [9], confirmed overall and complete
resectability rates of between 79 and 100% and 62 and 94%, respectively, and
overall survival rates in the range of 69% at 3 years and 51% at 5 years. In a
recent randomized phase-III study comparing combined radiochemotherapy
with radiotherapy alone in primarily unresectable rectal cancer, Frykholm et al.
[11] could demonstrate that the addition of chemotherapy to radiotherapy sig-
nificantly improved local control rates, albeit no significant difference in sur-
vival was found between the groups. Thus, there is now compelling evidence
that in locally advanced T4 rectal cancer conventionally fractionated radiother-
apy combined with chemotherapy should be applied, although there are still few
evidence-based data with regard to the optimal doses of radiation and chemo-
therapy as well as the type of 5-FU administration and combination with other
cytotoxic agents. Figure 1 shows the Erlangen treatment regimen in T4 rectal
cancer. Note that the interval between completion of radiotherapy and surgery
should be at least 4 weeks to allow for tumor shrinkage.

In a subset of patients, even more aggressive attempts to achieve local tumor
control, including preoperative radio-chemo-thermo-therapy [12] or intraoperative
radiation-boost techniques may be indicated [13]. Moreover, as there is a substan-
tial risk of systemic tumor cell dissemination in these locally advanced tumors,
more effective chemotherapy schedules are urgently needed. A phase-I/1I study at
the University of Erlangen, using a combination of oxaliplatin and capecitabine
together with preoperative radiotherapy in locally advanced rectal cancer (fig. 2),
has already proven the feasibility of such a regimen. Preliminary data suggest a
high percentage of pathologically confirmed complete remissions (21%); how-
ever, longer follow-up is necessary to draw any firm conclusion with respect to the
systemic efficacy of such an intensified chemotherapy schedule [14].
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Fig. 2. Phase-I/Il study of intensified neoadjuvant radiochemotherapy in T4 and
low-lying tumors. Preoperative conventionally fractionated radiotherapy with intensified
chemotherapy using capecitabine and oxaliplatin. Schedule of a phase-I/II study at the
University of Erlangen [14].

Preoperative Radiochemotherapy in Low-Lying Tumors
with Intended Sphincter Preservation

Another major goal of neoadjuvant therapy is the conversion of a low-lying
tumor, i.e. a tumor located in close proximity to the dentate line, that was
declared by the surgeon to require an APR, into a lesion amenable to sphincter-
preserving procedures. Technically, two surgical approaches have been used
after preoperative therapy: local excision and a low anterior (intersphincteric)
resection with coloanal anastomosis. While the first technique should be restricted
to patients with clinical stage-T1 lesions with favorable histopathologic fea-
tures (G1-2, no evidence of lymph vascular invasion), the second approach has
the advantage of allowing a more complete resection of the tumor and the
perirectal soft tissue. It must be emphasized, however, that equivalent local con-
trol and survival rates compared to conventional APR as well as the quality of
long-term rectal function is of the utmost importance in this setting.

Minsky [15] reviewed seven series [16—22] that have reported on patients
with clinically resectable rectal cancer who underwent a prospective clinical
assessment by their surgeons and were declared to need an APR. All applied
conventional doses of radiation therapy, four used concurrent chemotherapy.
A sphincter-sparing approach, mostly low anterior resection with coloanal
anastomosis, was accomplished in 23—-85% of patients, local control ranged
from 83 to 100%, and sphincter function was declared to be ‘perfect’ (71%)
or ‘good to excellent’(85%) in two studies, respectively. However, these
preliminary data need to be interpreted with caution. In a French trial of
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preoperative radiation in low-lying rectal cancer, the overall recurrence rate
was 9%, but increased to 12% in those patients in which sphincter preserva-
tion seemed impossible at presentation, but who had an anterior resection
following preoperative downsizing of their tumor [22]. Further studies are
urgently needed to adequately select patients for the respective treatment
alternatives.

Preoperative Radiochemotherapy in Resectable
Rectal Cancer

The interest in preoperative radiochemotherapy for resectable tumors of
the rectum is based not only on the success of adjuvant radiochemotherapy in
the postoperative setting, but also on the many aforementioned advantages of
delivering radiation treatment preoperatively. Until recently, the only random-
ized trial that directly compared preoperative to postoperative radiation therapy
in rectal cancer has been the Uppsala trial, which was carried out between 1980
and 1985 in Sweden [23]. In the preoperative arm, patients received intensive
short-course radiation (five fractions of 5.1 Gy to a total dose of 25.5Gy in
1 week), postoperatively conventional radiation therapy (2 Gy to a total of 60 Gy
with a 2-week split after 40 Gy) was applied. Preoperative radiation signifi-
cantly decreased local failure rate (13 vs. 22%, p = 0.02), however, there was
no significant difference in 5-year survival rates (42 vs. 38%).

Prospective randomized trials comparing the efficacy of preoperative
radiochemotherapy to standard postoperative radiochemotherapy in UICC
stage-1I and III rectal cancer were initiated both in the United States through the
Radiation Therapy Oncology Group (RTOG 94-01) and the NSABP (R-03) as
well as in Germany (Protocol CAO/ARO/AIO 94). Unfortunately, both US trials
suffered from a lack of accrual and have already been closed. The accrual of the
German multicenter study has been going well with more than 820 patients
included until September 2002. The design and treatment schedule is depicted
in figure 3. Techniques of surgery are standardized and include total mesorectal
excision for tumors of the lower and middle part of the rectum. In addition,
stratification of all the surgeons involved has been provided for. Endpoints
include local and distant control, 5-year overall and relapse-free survival, rate
of curative (RO) resections and sphincter-saving procedures, toxicity of
radiochemotherapy, surgical complications due to treatment mode and quality
of life. First results regarding surgical morbidity and toxicity of radiochemo-
therapy suggest a reduced rate of gastrointestinal side effects in the neoadjuvant
setting and no increase in postoperative complications following preoperative
radiochemotherapy [24].
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Fig. 3. Adjuvant vs. neoadjuvant radiochemotherapy in locally advanced rectal cancer.
Design of the two-arm German Rectal Cancer Study (Protocol CAO/ARO/AIO 94) comparing
preoperative to postoperative radiochemotherapy in locally advanced rectal cancer (UICC-
stage 1I/11T) [24].

The concurrent use of chemotherapy as part of the preoperative regimen is
another important point, as it is still not clear whether data from postoperative
radiochemotherapy in resectable rectal cancer can be extrapolated to the preop-
erative setting. The European Organization for Research and Treatment of
Cancer (EORTC-study 22921) is currently conducting a four-arm trial that
treats all patients with preoperative radiation in conventional fractionation and
tests whether preoperative concurrent radiochemotherapy, postoperative
chemotherapy, or both are superior to preoperative radiation alone [25].

Preoperative Short-Course Radiation Therapy

In an attempt to improve results in ‘resectable’ rectal cancer, a number of
studies with various preoperative fractionation schedules, mainly intensive,
short courses of radiation, were carried out in the 1970s and 1980s. The results
of these trials were reviewed by Pahlman et al. [26]. In summary, while a sig-
nificant decrease in local failure was shown at least in studies with higher
doses, e.g. 25 Gy in five fractions, either no significant improvement in survival
was observed or the benefit was restricted to subgroups.
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The Swedish Rectal Cancer Trial, conducted between 1987 and 1990, was
the first randomized trial to show a survival advantage for the total patient
group according to an intention-to-treat analysis [27]. One thousand one
hundred and sixty-eight patients with resectable rectal cancer (T1-3) were
randomized to one of the two treatment arms: surgery alone or 25 Gy in five
fractions followed by surgery within 1 week. The addition of preoperative radi-
ation significantly decreased the rate of local failure from 27 to 12% (p < 0.001)
and improved S5-year survival from 48 to 58% (p = 0.004). This benefit was
seen in all stages. Thus, the results of this large study with a clear and simple
design once again supported the oncological paradigm that survival is improved
by better local control. Due to short overall treatment time, early operation, low
costs and patients’ convenience the concept of a 1-week preoperative radiation
therapy has been adopted in many institutions in resectable rectal cancer.
However, major radio- and tumor biological shortcomings have also prompted
criticism.

(a) First of all, since surgery is performed only 1 week after the completion
of radiation therapy, significant tumor shrinkage (‘downstaging’) is very unlikely
and a major goal of preoperative treatment, the preservation of the sphincter,
is less likely to be achieved [28]. Prolonging the interval between radiation ther-
apy and surgery has been studied in a recent French trial in which patients with
low-lying rectal cancer were randomized to undergo surgery either within the first
2 weeks after radiation therapy (39 Gy in 13 fractions) or only after 6 weeks [21].
The long interval between radiation and surgery was associated with a signifi-
cantly better clinical tumor response (71.7 vs. 53.1%, p = 0.007) and pathologic
downstaging (26 vs. 10.3%, p = 0.005) and sphincters were more likely to be pre-
served if surgery was delayed (76 vs. 68%, p = 0.27).

(b) The high single dose (5Gy) used in the Swedish concept has been
criticized for inducing more acute and late toxicity. In some patients radiotherapy-
induced lumbosacral plexopathy led to an inability to walk and to persistent
pain [29] — an adverse effect that is unknown after more conventional fractiona-
tion. Moreover, although postoperative mortality might not been increased after
preoperative short course radiotherapy, provided more sophisticated multiple-field
radiation techniques are used, acute toxicity in the Dutch TME trial included
10% neurotoxicity, 29% perineal wound complications, and 12% postoperative
leaks. In the patients who developed postoperative leaks, 80% required surgery
resulting in 11% mortality [30]. Conversely, the first results of the German
Rectal Cancer Study (Protocol CAO/ARO/AIO 94) comparing preoperative
to postoperative radiochemotherapy with conventional fractionation and with
a 6-week interval to surgery suggest even a reduced rate of postoperative
morbidity in the neoadjuvant arm [24]. Recent data also indicated that there is
a substantial change in bowel function (median bowel frequency, incontinence
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for loose stools, urgency, etc.) after high-dose preoperative radiotherapy in the
long-term [31], thus emphasizing the need for further optimizing radiation
techniques and for identifying the risk groups for local failures to avoid sub-
stantial overtreatment.

(c) Furthermore, due to the short overall treatment time, short course,
intensive radiation therapy cannot be combined with adequate doses of sys-
temic chemotherapy. Thus, the potential of the radiosensitizing effects of con-
current chemotherapy to enhance local tumor response and to simultaneously
treat occult distant metastases remains unexploited.

The most recent trial to report the results of a preoperative short course
radiotherapy regimen was the Dutch CKVO 95-04 trial which randomized
1,805 patients with clinically resectable disease (T1-3) to optimized surgery
with TME alone or to a regimen of 5 X 5 Gy applied immediately prior to TME
surgery [32]. Although overall local recurrence rates were extremely low after
2 years of median follow-up in the TME-alone arm (8.2%), preoperative radiation
therapy further significantly decreased local recurrences to 2.4% (p < 0.001).
With longer follow-up, the 5-year local failure was higher with TME (12%), but
was still significantly decreased to 6% with preoperative radiation. Until now,
this gain in local control has not translated to an overall survival benefit (82%
in both arms after 2 years) [33].

In a subgroup analysis of this study, it became evident that preoperative
radiotherapy mainly reduced the risk of local recurrence in patients who had
tumors with an inferior margin of =5 (p = 0.05) or 5.1-10cm (p < 0.001) from
the anal verge, whereas the addition of radiotherapy had no significant effect
on tumors in the upper part of the rectum (10.1-15cm, p = 0.17). Likewise,
the benefit of preoperative radiotherapy was restricted to TNM stage-II and
IIT tumors, an effect that was not observed for TNM stage-I and IV tumors.

This trial also once again demonstrated that no significant downstaging
occurs after short-term preoperative radiotherapy, with only a modest reduction
in the mean diameter of irradiated tumors compared with non-irradiated tumors
(4.0-4.5cm, p < 0.001) [28]. Thus, in this trial no attempt was made to select
patients with low-lying tumors for a sphincter-sparing procedure and the rate
of APR was equal in both randomization arms (28% for RT+TME and 27%
for TME alone). Moreover, radiotherapy did not influence the number of posi-
tive resection margins, both circumferential and distal. Positive circumferential
resection margins were present in 16% of patients treated with radiotherapy,
compared with 19% in the TME only group (p = 0.82), suggesting that short-
term preoperative irradiation is not able to downsize or sterilize tumors extending
through the bowel wall and spreading very close to the mesorectal fascia in
a way that leaves no positive margins after TME [34]. With modern MRI
technology these patients at risk of positive circumferential resection margins
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can be identified and should, in our opinion, be selected for more intense pre-
operative radiochemotherapy schedules [35].

Conclusion and Future Perspectives

Is there a standard (neo)adjuvant treatment of rectal cancer? The pros and
cons have been extensively discussed in recent controversies. According to
consensus conference recommendations in the USA and Germany [1, 2], post-
operative radiochemotherapy remains the treatment of choice in stage-II and III
resectable rectal cancer. Conversely, a consensus conference in Paris in 1994
suggested that ‘the benefits observed with preoperative radiation incite to test
preoperative treatment with radiotherapy and chemotherapy’ [36]. Short-term
preoperative radiotherapy has been widely adopted, especially in the northern
parts of Europe.

New data have been collected and progress has been made both in surgery
and perioperative radio(chemo)therapy. Better knowledge of distal microscopic
lymphatic spread within the mesorectum has led to the use of TME for mid
and low rectal cancer. With this ‘optimized’ surgery, local control rates have
been markedly increased and local failure rates above 20% are now no longer
acceptable. Technical advances in radiotherapy, including tumor and radiobiolog-
ically optimized fractionation, 3-dimensional treatment planning and intensity-
modulated radiation therapy will further allow application of more sophisticated
treatment volumes to reduce irradiation of normal tissue and increase the thera-
peutic index. Moreover, innovative ways of administration of chemotherapeutic
agents, like continuous and chronomodulated infusion of 5-FU, as well as the
emerging role of additional agents, e.g. capecitabine, oxaliplatin or irinotecan,
need to be incorporated in multimodality regimen.

Evidently, the current monolithic approaches, established by studies more
than a decade ago, to either apply the same schedule of postoperative radio-
chemotherapy to all patients with stage-11/I11 rectal cancer or to give preopera-
tive intensive short-course radiation according to the Swedish concept for all
patients with resectable rectal cancer regardless of tumor stage and treatment
goal (e.g. sphincter preservation), need to be questioned. The inclusion of
different multimodal treatments into the surgical oncological concept, adapted
to the tumor location and stage and to individual patient’s risk factors is manda-
tory. Clearly, future developments will aim at identifying and selecting patients
for ideal treatment alternatives. Thus, clinicopathological and molecular features
as well as accurate preoperative imaging and staging methods (endorectal
ultrasonography, magnetic resonance imaging, PET) will play an important and
integrative part in multimodality treatment of rectal cancer.
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Surgery Is the Basic Treatment of Rectal Cancer

Surgery will remain the cornerstone of curative treatment of rectal cancer
for many years. Important surgical improvements have been made during the
past decades: reduction in surgical mortality; increase in sphincter-saving
surgery with low anterior resection and colo-anal anastomosis, and a decrease
in local relapse with sharp circumferential dissection of the mesorectum,
so-called total mesorectal excision (TME) surgery [1-3].

High-Dose Radiotherapy Alone Is Able to Cure
Selected Rectal Cancers

Since Papillon [4], it has been known that TINO rectal adenocarcinoma
can be controlled by contact X-ray therapy delivering doses of 100 Gy or more
in 3-5 fractions. For inoperable patients with T2—-3 lesions staged by endorectal
ultrasound, a combination of external beam radiation therapy (EBRT) deliver-
ing 50Gy in 25 fractions over 5 weeks with contact X-ray and interstitial
iridium-192 implant is able to give long-term local control of such tumors. With
such an approach, the local control of uT2 and uT3 lesions is 80 and 56%,
respectively, with salvage surgery possible in case of local failure. For patients
<80 years of age, the 5- and 10-year survival is 75 and 60%, respectively [5].



Preoperative Radiotherapy Improves Local Control
Even with TME Surgery

The Dutch colorectal trial has demonstrated clearly that at 5 years local
control increased from 88 to 94% using an accelerated schedule delivering
25Gy in 4 fractions over 5 days. So far there is no modification in overall
survival and such irradiation into a large volume with a high dose per fraction
increases postoperative mortality after 70 years of age and has a negative
impact on sexual functions [6].

Preoperative Irradiation with Immediate Surgery Does Not
Modify the Chance of Sphincter Preservation

For many years randomized trials have compared surgery alone versus
preoperative radiation therapy and immediate surgery. The results show two
clinical facts. First, over the past 15 years the rate of sphincter preservation has
increased from 22% in the EORTC trial [7] to 45% in the Swedish
trial [8], up to 65% in the Dutch trial [6]. This is the result of changes in
surgical techniques and also the anatomical concepts of sphincter-saving
surgery [9, 10]. Second, there is absolutely no difference in terms of sphincter
preservation with the use of preoperative irradiation at a short interval (few
days) before surgery because there is no time for tumor shrinkage.

Preoperative Irradiation and Delayed Surgery

The Lyon R 90.01 randomized trial has demonstrated that preoperative
EBRT (39 Gy/13 F/17 days) with a long interval of 5 weeks or more before
surgery was able to significantly increase the clinical and pathological tumor
response. The pathological complete response on the operative specimen
(sterilization + few residual cells) was 26% in the long-interval group and
10% in the short-interval group (p < 0.05). There was a trend towards more
restorative surgery for low rectal cancer in the long-interval group (41 vs.
23%) [11].

Two other randomized trials comparing preoperative chemoradiation and
delayed surgery versus postoperative chemoradiation are showing the same
trend with an increase from 20 to 40% in sphincter-saving surgery in the pre-
operative group taking advantage of the tumor response [12, 13].
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Radiation Dose Escalation Can Increase Tumor Response and
Sphincter Preservation

To test this hypothesis 89 patients were enrolled in the Lyon R 96.02
randomized trial between 1996 and 2001. All these patients presented adeno-
carcinoma of the lower rectum either T2 or T3 and less than two thirds of the
circumference. The control group was treated with EBRT alone preoperatively
(39GY/13 F/17 days) and the experimental group received the same EBRT with
a first-line and concurrent boost with contact X-ray therapy delivering 90 Gy in
3 fractions. The 2 groups were comparable with 73% of uT3 patients and 6%
of patients with liver metastases discovered at the time of surgery. A prelimi-
nary analysis of the results was done in April 2002 and showed a significant
improvement in tumor response in the boost group with tumor sterilization
in the operative specimen of 31 vs. 7% (p < 0.05). A sphincter-preservation
procedure was performed in 42% of the cases in the control group versus 72%
in the experimental boost group. There was no difference in postoperative
deaths or anastomotic leakage. These results will be analyzed in more detail and
published in the coming months.

Conclusion

It is now well accepted that even with TME surgery, radiotherapy improves
local control in the pelvis. The question of the role of radiotherapy in improv-
ing sphincter preservation is difficult and only a randomized trial can properly
give a validated answer [14]. At the present time it is possible to say that
high-dose radiation therapy, using endocavitary irradiation, can provide long-
term control and cure of T2 and small T3 rectal adenocarcinomas [5]. Three
randomized trials demonstrate that a long interval between preoperative EBRT
and surgery is associated with a significant increase in tumor response with a
trend towards more sphincter-saving surgery if the surgeon agrees to change his
technical approach taking into consideration the downsizing and shrinkage of
the tumor [11-13].

The Lyon R 96.02 randomized trial tends to demonstrate that a dose esca-
lation is correlated with a significant increase in tumor response and sphincter
preservation for low-lying rectal cancers.

In clinical practice, all these data are in favor of the use of preoperative
radiation therapy to increase not only local control but sphincter preservation.
It appears that, in the presence of a T2 or small T3 rectal cancer, first-line
radical surgery with a permanent colostomy would not be the appropriate option.
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Such lesions could be treated with preoperative EBRT, perhaps with concomi-
tant contact X-ray boost in order to try to achieve sphincter preservation.
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Surgery Alone: Is Total Mesorectal
Excision Sufficient for Rectal Cancer?

LR. Daniels, B.J. Moran, R.J. Heald
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Recent European multicentre trials have advocated the use of short-course
radiotherapy in all cases of rectal cancer [1]. The evidence presented suggests
that this modality reduces local recurrence in the presence of high-quality
surgery. However, we would suggest that this approach over-treats a significant
number of patients, with additional morbidity, for no survival benefit, and
we would suggest that surgery alone is sufficient for selected cases of rectal
cancer.

The current ‘gold-standard’ for the treatment of rectal cancer is the coordi-
nated teamwork of radiologists, surgeons, oncologists and histopathologists
working together within the multidisciplinary team to treat the individual patient
based on the accurate staging of their rectal cancer. However, the spectrum of
rectal cancer encompasses a range of disease from the early T1 or ‘malignant
polyp’ through to the locally advanced disease involving other pelvic viscera or
the lateral pelvic walls. Hence the question of surgery alone, is total mesorectal
excision (TME) sufficient for rectal cancer, has to be addressed within this spec-
trum of disease.

For the practice of successful rectal cancer surgery and the basis for the
success of the technique of TME, the crucial determinant is the relationship of
the tumour to the circumferential resection margin (CRM). The status of the
CRM has been shown to have a significant and major prognostic impact on
the rates of local recurrence, distant metastasis and survival [2]. It may also
be used as an immediate predictor of the quality of surgery and may be used
for surgical audit and monitoring the value of training programmes in improv-
ing rectal cancer surgery [3]. Indeed the macroscopic evaluation of the rectal



cancer specimen also allows quality of surgical excision assessment through
interdisciplinary assessment [4]. Therefore if patients can be selected with
a clear margin and high-quality surgery performed, perhaps the question
should be redefined as: surgery alone: TME for the appropriately staged rectal
cancer?

The Issue of the Circumferential Resection Margin

The prognosis of rectal cancer depends on a number of tumour factors
that traditionally have been assessed by histopathological examination of the
resection specimen. These include the depth of tumour invasion into and
beyond the bowel wall, the number of lymph nodes involved by tumour, extra-
mural venous invasion, involvement of the CRM, and the presence of ulceration
of the peritoneum by tumour [5-10].

It is similarly recognised that the presence of lymph node metastases in the
resected specimen worsens prognosis and this effect is most pronounced when
4 or more nodes are affected. For 1, 2—-5, 6—10 and more than 10 affected nodes
the 5-year survival rates were 63.6, 36.1, 21.9 and 2.1%, respectively [11]. This
illustrates the importance of ensuring adequate node sampling through meticu-
lous lymph node dissection [12, 13]. The practice of TME achieves this through
the en-bloc resection of the embryological hind-gut ‘package’ containing the
lymphatic drainage of the rectum.

Thus whilst individual pathological factors affect local recurrence and
survival, by the en-bloc excision of the mesorectum, the only factor that the
surgeon can alter is the CRM. A positive CRM must therefore represent a
failure in the staging of the disease or a failure in the surgical technique.

Improving Staging of Rectal Cancer

The digital rectal examination (DRE) of a patient is one of the cornerstones
of medical practice, and proctoscopy and rigid sigmoidoscopy have been the
mainstay of pre-operative staging for rectal cancer since the early 20th century.
However, DRE is of limited value and its correlation between observers and
against other staging modalities is poor [14, 15]. The limitations of DRE are that
tumours in the upper rectum cannot be clinically assessed and that DRE does not
recognise the degree of extra-rectal spread or the relationship to the mesorectal
fascia, although those tumours with extra-rectal spread involving other organs
can be recognised accurately, i.e. fixed tumours. Thus DRE is subjective and not
reproducible and cannot predict the stage of lesions high in the rectum.
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The introduction of barium contrast enemas to assess the rectum and colon
for evidence of obstruction improved assessment of the intraluminal component
of tumours, but again had no benefit on assessing the CRM. However, with the
introduction of endoluminal ultrasound (EUS), computerized tomography (CT)
and magnetic resonance imaging (MRI), the local radiological assessment
of rectal tumours improved. The radiological demonstration of the mesorectal
fascia was first seen in 1983 using CT [16]. In an attempt to improve the image
quality and resolution, endorectal MRI coils were developed. The main advan-
tage of endorectal MRI is that it can provide exquisite detail of the anatomy of
the bowel wall. However, as with EUS, high or stenosing tumours can cause
insertional problems in up to 20% of cases [17, 18]. More recently in the liter-
ature, it has been suggested that high-resolution phased-array body-coil MRI
staging can improve the outcome in rectal cancer by the identification of
tumour invasion in relation to the mesorectal fascia [19]. To the surgeon this
presents a unique opportunity, if the MRI predicts that the margin is clear then
the operation must be optimal. Similarly if the resectability can be predicted
from pre-operative staging then the need for pre-operative therapy could be
targeted at those patients with the highest risk of the development of local
recurrence [20, 21].

The disadvantage of body coil MRI is the inability to differentiate the
layers of the bowel wall to allow staging for local excision. However, whilst
ultrasound is accurate in the assessment of T stage, and therefore plays a role in
defining patients for local resection, it is unable to demonstrate the relationship
of the tumour to the mesorectal margin. Therefore, EUS assessment of circum-
ferential margin involvement is poor. The ultrasound classification of tumour
stage was proposed in 1985 [22, 23].

The presence of local lymph nodes may be identified within the mesorec-
tum, but node involvement cannot be accurately assessed on any of the modal-
ities. EUS is operator-dependent and has a limited field of view and similarly
MRI is inaccurate based on size criteria for nodes [24, 25]. However, the
significance of lymph node involvement may be reduced with the adoption of
the technique of TME and the removal of all of the nodes within the mesorectal
‘package’. Alternatively in some series neo-adjuvant short-course radiotherapy
was given to patients prior to surgery, hence local lymph node metastases may
have been over-staged and cannot be accurately predicted with MRI or EUS.
However, MRI does provide a reliable measure of the extent of extra-mural
invasion, which shows direct agreement with the histopathology [26]. It also
offers accurate pre-operative spatial depiction of the tumour within the pelvis.
With the appreciation of the degree of extra-mural spread and its relationship
to the CRM, the MRI can predict areas of surgical difficulty and the surgeon
can perform the operation with these images in mind. This is the result of the
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increased field of view compared to EUS, when using body-coil MRI. It also
allows peri-tumoural fibrosis to be distinguished from tumour infiltration and
it accurately depicts tumours with extensive extra-mural spread [26]. In com-
parison to CT, high-resolution phased array coil MRI is highly accurate and
superior predicting tumour infiltration in surrounding structures in locally
advanced rectal cancer [27].

It has been suggested that a phased array MRI coil accurately predicts the
distance from the tumour to the mesorectal resection plane. However, in a retro-
spective analysis a tumour-free margin of at least 1.0mm can be predicted
with a high degree of certainty when the measured distance on the MRI is at
least 5 mm, and a margin of 2 mm when the MRI distance is at least 6 mm [20].
Similarly the MRI prediction of margin was more accurate than stage [20].
However, difficulties arise when tumour deposits or nodes are encountered
close to the margin. Similarly the desmoplastic response of the tumour and
post-radiotherapy fibrosis cannot be reliably distinguished readily on MRI.

To address this issue the current MERCURY (Magnetic Resonance Imaging
and Rectal Cancer European Equivalence) Study is prospectively addressing
the relationship between the depth of tumour invasion and CRM status on
MRI and the corresponding histological whole-mount sections. The results of
this study will allow the development of a pre-operative staging system, based
on MRI, but complemented by EUS for early lesions, and thus allow targeting
of therapy.

The Surgical Technique

It is well recognised that there is a degree of inter-surgeon variability, but
differences in surgeon-related variables should not be considered in isolation
and differences in outcome may reflect variations in patient population and the
spectrum of disease encountered [28, 29]. The operation performed may vary
between surgeons, conventional vs. TME, abdominoperineal procedures (APE)
vs. abdominal resection (AR), and this is based purely on personal preference,
patient wishes (stoma vs. no stoma) and surgical training [30]. However, after
correction for the associated known risk factors, rates of local recurrence
between individual surgeons do vary from less than 5 to over 20%, thus sug-
gesting that surgeon-related factors do influence outcome [30]. Whilst there
is evidence that outcome is improved with colorectal surgical sub-speciality
training, ideally surgeons with training and experience should operate on rectal
cancer patients [31].

But if surgery alone is to be sufficient for rectal cancer the quality of the
surgery must be optimal and there must be an assessment tool for the quality
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of the operation. Ideally all surgeons should be trained in the technique and
continued audit performed. The first trial to accurately assess the effect of
intensive surgical training in the implementation of a specific cancer surgery
technique, namely TME, was performed with Swedish surgeons and reported in
2000 [32]. The basis of the teaching is the theme of ‘specimen-orientated
surgery’, i.e. the concept that the aim of both pre-operative assessment and
surgical excision is the removal by the surgeon of the optimal TME specimen,
consisting of an intact mesorectal envelope with margins uninvolved by tumour
[8, 33]. This hypothesis, in combination with improved pathological assess-
ment, has been the theme of a series of workshops by the Swedish Rectal
Cancer Group, the same group responsible for the Stockholm I and IT Rectal
Cancer Radiotherapy Trials [34, 35]. With the adoption of TME the local recur-
rence rate was reduced from 15% (Stockholm I Trial) to 6% (p < 0.0001) at the
2-year follow-up. Similarly cancer-related death was reduced from 15 to 9%
(p < 0.002). However, there was no statistically significant difference in the
incidence of distant metastases.

The effect of training also reduced the rate of APE in the study groups from
60% in the Stockholm I Trial to 27% in the TME Project [32]. The adoption of
TME did not adversely affect anastomotic leak rate or 30-day mortality between
the trials. The CRM positivity rate was 4% — the lowest reported incidence so
far in any published series [36, 37].

Further evidence for the quality of surgery comes from the recently
published Norwegian Rectal Cancer Project, initiated in 1993, and aimed at
improving the outcome of patients with rectal cancer by implementing TME as
the standard rectal resection technique. Over the period 1994—1997 the propor-
tion of patients undergoing TME increased from 78 to 92%. The local recur-
rence rate for patients undergoing a curative resection was 6% in the TME
group and 12% in the conventional surgery group. This trial also demonstrated
a survival benefit. The 4-year survival rate was 73% after TME and 60% after
conventional surgery [38].

Within the UK evidence for the effect of a multidisciplinary training pro-
gramme for rectal cancer will be revealed later this year with the presentation
of the early data from the Trent Modernisation Project, an on-going series of
workshops, again with the aim of ‘specimen-orientated surgery’.

To continually assess the quality of the surgical resection, a pathological
assessment tool that grades the macroscopic surface of the specimen has been
developed [33]. This has been validated in the current Medical Research
Council CRO7 trial and the CLASSIC Study (Conventional vs. Laparoscopic
Surgery in Colorectal Cancer). The German Cancer Society has also been the
first national body to adopt the visual assessment of the specimen within the
colorectal cancer guidelines.
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Targeting Neo-Adjuvant Treatments

The current European perspective is to treat all rectal cancers with neo-
adjuvant therapy. These findings are based on the large Dutch and Swedish
studies of neo-adjuvant short-course radiotherapy (5 X 5Gy). The findings
from these studies are indeed impressive with the reduction in local recurrence
rates to <10%. However, these studies must be considered within the concept
of TME.

The Swedish Rectal Cancer Group suggested that pre-operative therapy
would approximately half the risk of local recurrence in any given group at risk
[39]. This led to the consensus that irradiation reduced local recurrence, but the
survival benefit remained unproven and neo-adjuvant radiotherapy is not with-
out associated morbidity. The North Trent audit showed a higher than expected
anastomotic leak rate (15%) and perineal wound infection rates (18%) follow-
ing the introduction of pre-operative radiotherapy [40].

Meta-analyses of the currently available randomised trials were performed
in 1988 and 2000 [41, 42]. The latter study concluded that, in patients with
resectable rectal cancer, pre-operative radiotherapy significantly improved the
overall and cancer-specific survival compared with surgery alone. However, the
irradiation schedules varied greatly between trials, histological staging of
patients undergoing radiotherapy was not accurate and overall complications in
the immediate post-operative period were significantly increased. By excluding
the Swedish data from this meta-analysis there is loss of significance for overall
improvement. Indeed many of the surgeons in the Swedish trials who operated
on patients with rectal cancer were not sub-specialized in colorectal surgery and
performed few operations and very few were familiar with TME. Furthermore
in the Swedish trials the high rate of potentially curative resections may be
explained by the eligibility criteria, which excluded emergency cases and
patients with pre-operative signs of distant metastases and/or locally non-
resectable tumours. However, the trials showed a relative survival benefit for
pre-operative radiotherapy of 21%, which gave an increase in the 5-year
survival from 48 to 58% and a reduction in local recurrence from 27 to 11%.
This suggests that the benefit of neo-adjuvant radiotherapy in reducing local
recurrence is dependent on a high local recurrence rate for surgery alone.
With local recurrence rates of less than 10%, there was, until recently, no data
demonstrating a beneficial effect with the addition of radiotherapy [43]. This
would mean that, in order to further reduce local recurrence, many patients
would need to be treated to achieve a significant further reduction from a low
baseline level [44].

The question arises as to the additive effect of TME and short-course
radiotherapy. To address this issue, the Dutch Colorectal Cancer Group initiated
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a multi-centre randomised trial and the results were published in 2001 [44]. The
conclusions were that short-course pre-operative radiotherapy reduced the risk
of local recurrence in patients who had undergone a standardized TME. Local
recurrence was reduced from 8.2% (TME alone) to 2.4% (TME and radiother-
apy; p < 0.001) at 2 years. However, the Dutch data are only based on a 2-year
follow-up at this stage and there appears to be no increase in overall survival
attributable to radiotherapy. The number of surgeons and centres was high, and
despite the introduction of a teaching programme for TME, 23% of patients had
involved tumour margins or tumour spillage, which is of concern as the trial
was for ‘mobile’ rectal cancers. Overall 13% of patients in the radiotherapy arm
had a delay of >10 days before surgery and blood loss was significantly greater
and perineal wound complication rates were higher in the radiotherapy arm,
although leak rates were similar (10 vs. 11%). Of particular interest was the
finding that in those patients with involved margins, short-course radiotherapy
did not affect the incidence of local recurrence. The implication of these data is
that radiotherapy does not help if TME does not result in a clear margin, and it
may be that the effect of radiotherapy in this setting is to reduce implantation
of viable cells. Thus if better quality surgery is performed, radiotherapy may be
unnecessary in most cases. This again points to the greater need for an accurate
method to assess the relationship of the tumour to the mesorectal margin.

Conclusion

The question asked was whether surgery alone (TME) is sufficient for all
rectal cancers and the answer to this must be no. However, surgery alone is
sufficient for those rectal cancers in which the CRM can be demonstrated to be
clear and provided the operation is performed by a surgeon trained and audited
in the technique of TME. The question thus has been altered to, ‘surgery alone:
TME for the appropriately staged rectal cancer?’ and the answer for this must
surely be yes as the key to successful surgery is the accurate selection of patients
for surgery and the accurate assessment of advanced disease for neo-adjuvant
therapy.
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Recurrent rectal cancer is a major threat to patients and a challenge to
clinicians involved in the treatment of this complex disease. Currently, diag-
nostic and interventional radiology is involved both in the early detection of
recurrent cancer and the exact verification of tumor recurrence. The imaging
information obtained must be combined with surgical and oncological criteria
and be verified histopathologically. Several studies have shown that recurrent
rectal cancer frequently manifests as locally advanced stage pT4 in 74% and
pT3 in 26%, and 54% of the patients also develop synchronous metastases.
In their study of 32 patients Bohm et al. [1] proved that successful resection was
only possible in 56% of the cases, or 66% if resection was extended to adjacent
organs. The 4-year survival proved to be 44% in the curative group and 19% in
the residual disease group. The largest study was published by Shoup et al. [2]
with 634 resected patients. Resection with negative microscopic margins in
the absence of vascular invasion resulted in a mean disease-free survival of
31.2 months. The group in which resection was carried out with grossly posi-
tive microscopic margins had a mean disease-free survival of 7.9 months. The
authors conclude that complete resection and the absence of vascular invasion
are indicators of local control and improved survival.

For the radiologist the clinical questions of recurrent rectal cancers are first
of all tumor involvement with the documentation of findings such as luminal
and extraluminal extension. The second most frequent question is the pattern of
lymph node involvement, such as locoregional involvement, iliac-internal
lymph nodes and para-aortal lymph nodes. Additional findings, such as pul-
monary metastases, liver metastases or, in rare cases, musculoskeletal metas-
tases, must also be evaluated. The detection of recurrent rectal cancer is based



on clinical follow-up with tumor markers, the use of ultrasound, endosono-
graphy, rectoscopy and colonoscopy. Radiological studies which are also used
for the detection of recurrent rectal cancers are the up-dated multi-slice com-
puted tomography (CT) scanning, endorectal magnetic resonance imaging (MRI)
and 2-['8F]-fluoro-2-D-glucose positron electron tomography (‘*F-FDG-PET).
Three-dimensional endoluminal ultrasound is a hands-on tool for the examiner
and allows exact imaging of the local tumor infiltration. However, the problem
of interpretation and documentation of this technique still remains. Second,
stenosing tumors do not allow complete evaluation using an endorectal ultra-
sound. Further problems are lymph node staging and proximal tumors. Using
multi-slice CT, the diagnostic information on both the topographical data and
soft tissue resolution was significantly improved. The new CT technology using
16-row CT equipment allows acquisition of excellent data sets with multi-
planar reformatted images in sagittal and coronal orientation. Using virtual
endoscopy, secondary lesions within the bowel might be identified in the sig-
moid colon. This is based on a virtual 3-dimensional double-contrast technique.
The limitations of CT are based on the limited differentiation of the wall layers.
Additionally, partial volume effects lead to overstaging, especially T2 versus T3
and T3 versus T4, as well as limited information on the tumor involvement of
lymph nodes.

Local recurrence of rectal cancer meets the following criteria in CT: an
enlargement of a presacral mass with an inhomogeneous appearance; addition-
ally, asymmetric outlines and relevant contrast uptake indicate possible tumor
recurrence. Peritumoral interstitial radiation as well as locally enlarged lymph
nodes are further characteristic signs of recurrent rectal cancer. The diagnostic
accuracy is high if CT demonstrates infiltration of surrounding tissues. Data on
the use of '8F-FDG-PET have been published considering both the benefits and
limitations [3]. While PET provides a high sensitivity there are still problems in
patients suffering from diabetes with local inflammation. The advantage of PET
is the fact that whole body scan gives additional information on the lymph
nodes involved in lung metastases. However, PET also shows some limitations,
such as long scan times, spatial resolution, which is higher than 10 mm, and the
availability of the method.

MRI is a promising method. The diagnostic results are based on the under-
standing of the diagnostic test and the optimal examination strategy. Currently
different acquisition techniques are available. The standard technique is the
evaluation of the rectum and adjacent organs using a phased array coil in MRI.
Additional information is provided using endorectal coil T1- and T2-weighted
sequences, both plain and contrast-enhanced as well as fat-saturated. In their
studies Dicle et al. [4] reported a sensitivity of 83% for contrast-enhanced
MRI with the dynamic technique especially for the differentiation of recurrent
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cancer versus scarring. ‘One-shot shopping’ MRI additionally allows evalu-
ation of the rectum and perirectal tumor lesions as well as adjacent organs like
the bladder, vessels, lymph nodes, liver and basal lung. Newer technologies in
CT and MRI are also helpful for histopathological verification of recurrent
rectal cancer. Here two possibilities are currently available: first, CT-guided
biopsy, which is most frequently performed allowing the demonstration of the
lesion and the needle track. Open MR techniques have further advanced the
possibilities of performing histopathological evaluation in patients with sus-
pected recurrent cancer. Open MR allows orientation with external landmarks,
free choice of slice orientation and needle tracking in predefined images.
In addition, with the use of open MRI local palliative therapeutic treatments
are possible with thermal ablations (laser-induced thermotherapy or radio-
frequency). The current study by Pegios et al. [5] evaluating rectal cancer with
endorectal MRI versus endorectal ultrasound revealed exact staging for the
endorectal ultrasound of 63.3% versus endorectal MRI of 86.6%. Overstaging
was detected in 23% of the cases for ultrasound and in 8% for endorectal MRI,
and understaging was seen in 7% of the cases for ultrasound and in 5.6% for
endorectal MRI [6].

In summary, the diagnosis of recurrent rectal cancer must first be per-
formed by evaluating the area of anastomosis. These techniques are based on
cross-sectional imaging techniques and endoluminal examination techniques
like rectoscopy performed with biopsy, or submucosal endosonography.
However, current problems are still the evaluation and differentiation of scar-
ring edema versus recurrence [7—15]. Endorectal MRI as well as multi-slice CT
are additionally helpful diagnostic tools in providing as much pre-therapeutic
information as possible. In the majority the detection of extraluminal pelvic
occurrence is based on the use of cross-sectional imaging techniques like CT or
MRI, additionally supported by CT or MR-guided biopsy maneuvers.
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Radiotherapy as adjuvant treatment after curative resection or given in a
neoadjuvant setting prior to the operative procedure plays a well-recognized
role in reducing rates of locoregional tumor recurrence and to some extent
improves rates of cancer-related mortality [1, 2]. Based on a clear survival ben-
efit, postoperative radiochemotherapy in the early 1990s emerged as a standard
procedure for stage-II and III rectal cancer. A positive impact on distant meta-
stases as well as on local control has been demonstrated [3—6]. At the time these
studies started patient accrual, rates of pelvic tumor recurrences were high and
often exceeded 20% [7]. Surgeons and pathologists searched for the anatomical
and technical basis of tumor recurrence rates parallel to the evaluation of the
benefit of adjuvant therapies, and these investigations also led to considerable
improvements in therapy [8—11].

As changes in operative therapy may not only influence rates of tumor
recurrence in the pelvis, but also the pattern of recurrence itself, and recom-
mendations for radiation ports in adjuvant therapy are largely based on rather
outdated studies, a multicenter study was initiated to evaluate pelvic sites



of recurrence in patients treated within the last few years on a large scale
[12, 13].

Material and Methods

The study was conducted between April 1998 and December 2001. 123 patients with
sufficient data for analysis could be evaluated. CT image-based report forms and extensive
questionnaires were evaluated with a self-developed 3-dimensionally structured CT-based
data file system. Entry to the 3D data base of the complete dataset was checked by an inde-
pendent experienced radiation oncologist. Criteria for patient accrual of this study were
as follows. The diagnosis of recurrent rectal cancer had to be established by either one of
the following major criteria: (1) histologic confirmation; (2) positive PET scan, and (3) clear
bone destruction, or at least 3 of the following minor criteria: (1) invasion of adjacent organs;
(2) progressive soft tissue mass on repeated CT/MRI scans; (3) typical appearance in endo-
scopic US, CT, MRI, and (4) consecutive rise in tumor markers.

As it may be impossible to distinguish malignant from inflammatory soft tissue masses,
all patients with clinical or serological signs of inflammation or abscess formation were
excluded.

For graphical analysis of the recurrence patterns and visualization of results, films were
rendered from the 3D data base. Extensive quality-assurance tests were done to ascertain the
exact and anatomically correct representations of sites of recurrent tumor within the pelvis.
Statistical analysis of differences in recurrence patterns was facilitated by comparison on a
slice-by-slice basis, thus reducing the amount of data to be handled. Tests performed were
the Pearson x? test with continuity correction, likelihood ratio, Fisher’s exact test and linear
by linear association.

Results

The initial T stage was T, in 2%, T, in 24%, T; in 60%, T, in 13%, and
unknown in 1%. In 54% of the patients the lymph nodes were initially without
metastases (N,), whereas N; and N, disease (according to TNM-5) was diag-
nosed in 23% each. The initial surgical procedure was an abdominoperineal
resection (APR) in 41%, low anterior resection (LAR) in 36% and others,
namely variants of LAR, in 23% (table 1). The median age at diagnosis of recur-
rent rectal cancer was 61 years with a range of 32—83 years. The male:female
ratio was 65:35%.

The mean time to recurrence was in the range of 22 months for T, or N,
situations and 32—33 months in T, and/or N,,. Recurrences were solitary in 76%,
at multiple sites in 5%, and in 19% this could not be defined. Clear lymph node
involvement was diagnosed in 20%, in 45% lymph node involvement was
absent, and in 35% it was impossible to state whether the recurrence involved
lymph nodes. Invasion of the adjacent organs was quite common (table 2),
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Table 1. Initial patient characteristics
%

T stage

T, 2
T, 24
T, 60
T, 13
Unknown 1
Nodal involvement

No 54
N, 23
N, 23
Metastases

M, 89
M, 7
Unknown 4
Grading

G, 2
G, 64
G, 28
Not stated 6
Initial surgery

APR 41
LAR 36
Others! 23
With TME 9
Without TME 21
Unknown 69
Adjuvant therapy

Chemotherapy 64
Radiotherapy? 17

APR = Abdominoperineal resection;
LAR = low anterior resection; TME = total
mesorectal excision.

'Namely variants of LAR.

’In 81% recurrent tumors within previ-
ously irradiated volume.

synchronous metastasis was diagnosed in 38%, and the liver and lungs were
most often involved (table 3). Involvement of the lungs was more common in
tumors treated with APR than LAR with 20 vs. 11%, whereas the opposite was
true for liver metastases (12 vs. 18%).
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Table 2. Infiltration/invasion of adja-

cent structures in recurrent disease %o
Uterus and vagina 23
Prostate and seminal vesicles 26
Bladder and urethra 11
Sacral and coccygeal bones 29

Table 3. Synchronous metastases at

diagnosis of tumor recurrence %
Overall 38
Liver 17
Lungs 15
Lymph nodes
Para-aortic 5
Groin 5
Peritoneal cavity and 5
abdominal wall
Bone 3
Brain 2

Graphic evaluation of the pelvic sites of recurrence in the 3D-computer
model at first displayed recurrent tumor nearly anywhere within the pelvis, but
the volume involved shrunk considerably by excluding all sites involved just
once. Excluding all areas involved in less than 5% led to a further reduction of
this volume (fig. 1-3). Recurrence patterns were then analyzed in subgroups of
patients who had been previously treated by APR and LAR. To limit differences
mainly caused by chance, sites involved in less than 10% were excluded for
display purposes, as the subgroups were considerably smaller than the complete
data set (fig. 4, 5). While there was no difference in the top CT slices of the
pelvis, there was a statistically significant difference in the 3 lowest pelvic CT
slices with results of all of the above-mentioned tests being <0.025 (fig. 6).

Discussion

Tumor recurrences of rectal cancer within the pelvis often cause pain and
disabilities like fistula formation, severe neurologic deficits, compromised pelvic
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Fig. 1. Sites of recurrence in all 123 patients.

Fig. 2. Sites of recurrence in all patients: areas involved only once excluded.
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Fig. 3. Sites of recurrence in all patients: areas involved in less than 5% excluded.

Fig. 4. Sites of recurrence after low anterior resection: areas involved in less than 10%
excluded.
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Fig. 5. Sites of recurrence after abdominoperineal resection: areas involved in less
than 10% excluded.

r extension

Fig. 6. Differences in extension of tumor recurrences after LAR vs. APR.
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stability, bowel obstruction, etc., and have dramatic impacts on the quality of
life of the afflicted patients. Once the tumor has recurred, chances of cure are
small even when extensive resections and multimodality treatment strategies
are applied, and only patients with small recurrent tumors at the site of the
anastomosis seem to fare better [14—17].

The anatomical and technical basis of tumor recurrences within the
pelvis has been extensively studied over the past 20 years and, as a result of
these attempts, improvements in operative therapy have been implemented
[8-11]. In large multicenter randomized studies published in the last years,
5-year locoregional recurrence rates decreased to a range of 6—18% with or
without adjuvant or neoadjuvant radiotherapy [18-21].

Rates of pelvic recurrence in reality may be somewhat higher than
estimated by these reports. Some studies report only first sites of failure, and
pelvic relapse in the later course of disease is not always evaluated properly in
patients without local symptomatic disease under palliative chemotherapy for
distant metastases. Therefore, there is no clear evidence of a survival benefit
attributable to the addition of radiotherapy to treatment. Given the fact that
radiotherapy itself can cause even severe and in some instances fatal complica-
tions, especially in elderly patients, there is an obvious need to redefine its
role [1, 22].

Therefore reducing the side effects of radiotherapy is a very important
topic, and modern three-dimensional treatment planning systems and multiple
field techniques undoubtedly have an enormous impact on reaching that goal
[23]. Because many studies have demonstrated that the volume irradiated is a
very critical factor influencing rates of acute as well as late side effects, there
is no doubt that reducing the volume treated to an essential minimum is of
major concern [24-26].

Modifications in operative therapy may not only influence rates but also
the pelvic pattern of recurrence itself. Recommendations for radiation ports in
adjuvant therapy should hence be based on the recurrence patterns of patients
treated recently, but many of the studies reporting on pelvic recurrence patterns
have some limitations; they are either outdated or do not give exact anatomic
information on the location of recurrent tumors within the pelvis, or they just
simply cover a very large time span within which changes in therapy will very
likely have happened, thus compromising the ability to make their results a
basis for recommendations in planning target volumes in adjuvant radiotherapy
[12, 13, 15, 27-32].

The data presented in this study were collected over a short period of
time and therefore represent an actual standard of care in operative therapy and,
to the best of our knowledge, this is one of the largest studies on that topic
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giving detailed information with respect to anatomical landmarks suitable for
radiotherapy treatment planning [33]. The multicenter basis of the data evaluated
makes it unlikely that our results are influenced by regional specialities or the
individual preferences of one surgeon or team of surgeons or simply referral
practice. The shortcomings of our study are that computed tomograms were
mainly used to evaluate disease extension in the pelvis (CT in 94% and MRI
in 32%) and tumor spread may therefore be underestimated. Only a minority
of patients (12%) had laparotomy or laparoscopy for restaging and disease
evaluation. Only 17% of the patients evaluated had previously been treated
with radiotherapy and, of those, recurrences were within the treated volume in
81%. It is therefore unlikely that our results are influenced by the inclusion of
these patients as our results fit the previously reported results of other studies
quite well.

References

1 Colorectal Cancer Collaborative Group: Adjuvant radiotherapy for rectal cancer: A systematic
overview of 8507 patients from 22 randomised trials. Lancet 2001;358:1291-1304.

2 Camma C, Giunta M, Fiorica F, Pagliaro L, Craxi A, Cottone M: Preoperative radiotherapy for
resectable rectal cancer. A meta-analysis. JAMA 2000;284:1008-1015.

3 Krook J, Moertel C, Gunderson L, Wieand H, Collins R, Beart R, Kubista T, Poon M, Meyers W,
Mailliard J, Twito D, Morton R, Veeder M, Witzig T, Cha S, Vidyarthi S: Effective surgical adju-
vant therapy for high risk rectal carcinoma. N Engl J Med 1991;324:709-715.

4 O’Connell M, Martenson J, Wieand H, Krook J, Macdonald J, Haller D, Mayer R, Gunderson L,
Rich T: Improving adjuvant therapy for rectal cancer by combining protracted-infusion fluo-
rouracil with radiation therapy after curative surgery. N Engl J Med 1994;331:502-507.

5 NIH Consensus Conference: Adjuvant therapy for patients with colon and rectal cancer. JAMA
1990;264:1444-1450.

6  Gastrointestinal Tumor Study Group: Prolongation of the disease free interval in surgically treated
rectal carcinoma. N Engl J Med 1985;312:1465-1472.

7  Kapiteijn E, Marijnen C, Colenbrander A, Klein Kranenbarg E, Steup W, van Krieken J,
van Houwelingen J, Leer J, van de Velde C: Local recurrence in patients with rectal cancer diag-
nosed between 1988 and 1992: A population-based study in the west Netherlands. Eur J Surg
Oncol 1998;24:528-535.

8  Quirke P, Dixon M, Durdey P, Williams N: Local recurrence of rectal adenocarcinoma due to inad-
equate surgical resection. Histopathological study of lateral tumor spread and surgical excision.
Lancet 1986;ii:996-999.

9  Hermanek P: Impact of surgeon’s technique on outcome after treatment of rectal carcinoma.
Dis Colon Rectum 1999;42:559-562.

10 MacFarlane J, Ryall R, Heald R: Mesorectal excision for rectal cancer. Lancet 1993;341:
457-460.

11 Heald RJ, Ryall RD: Recurrence and survival after total mesorectal excision for rectal cancer.
Lancet 1986;ii:1479—-1482.

12 Gunderson L, Sosin H: Areas of failure found at reoperation (second or symptomatic look) fol-
lowing ‘curative surgery’ for adenocarcinoma of the rectum: Clinicopathologic correlation and
implications for adjuvant therapy. Cancer 1974;34:1278-1292.

Multicenter Analysis of Patients with Recurrent Rectal Cancer 49



13

14

15

16

17

19

20

21

22

23

24

25

26

27

28

29

30

31

Pilipshen S, Heilweil M, Quan S, Sternberg S, Enker W: Patterns of pelvic recurrence following
definitive resections of rectal cancer. Cancer 1984;53:1354-1362.

Wong C, Cummings B, Brierley J, Catton C, McLean M, Catton P, Hao Y: Treatment of locally
recurrent rectal carcinoma — Results and prognostic factors. Int J Radiat Oncol Biol Phys 1998;
40:427-435.

Shoup M, Guillem J, Alektiar K, Liau K, Paty P, Cohen A, Wong WD, Minsky B: Predictors of
survival in recurrent rectal cancer after resection and intraoperative radiotherapy. Dis Colon
Rectum 2002;45:585-592.

Wanebo H, Koness J, Vezeridis M, Cohen S, Wrobleski D: Pelvic resection of recurrent rectal cancer.
Ann Surg 1994;220:586-597.

Wiig J, Tveit K, Poulsen J, Olsen D, Giercksky K: Preoperative irradiation and surgery for recur-
rent rectal cancer: Will intraoperative radiotherapy (IORT) be of additional benefit? A prospective
study. Radiother Oncol 2002;62:207-213.

Wolmark N, Wieand H, Hyams D, Colangelo L, Dimitrov N, Romond E, Wexler M, Prager D,
Cruz A, Gordon P, Petrelli N, Deutsch M, Mamounas E, Wickerham D, Fisher E, Rockette H,
Fisher B: Randomized trial of postoperative adjuvant chemotherapy with or without radiotherapy
for carcinoma of the rectum: National Surgical Adjuvant Breast and Bowel Project Protocol R-02.
J Natl Cancer Inst 2000;92:388-396.

Kapiteijn E, Marijnen C, Nagtegaal I, Putter H, Steup W, Wiggers T, Rutten H, Pahlman L,
Glimelius B, van Krieken J, Leer J, van de Velde C: Preoperative radiotherapy combined with total
mesorectal excision for resectable rectal cancer. N Engl J Med 2001;345:638—646.

Tepper J, O’Connell M, Niedzwiecki D, Hollis D, Benson A, Cummings B, Gunderson L,
Macdonald J, Martenson J, Mayer R: Adjuvant therapy in rectal cancer: Analysis of stage, sex, and
local control. Final report of Intergroup 0114. J Clin Oncol 2002;20:1744—1750.

McCall J, Cox M, Wattchow D: Analysis of local recurrence rates after surgery alone for rectal
cancer. Int J Colorectal Dis 1995;10:126—132.

Gelber R, Goldhirsch A, Cole B, Wieand H, Schroeder G, Krook J: A quality-adjusted time with-
out symptoms or toxicity (Q-TWiST) analysis of adjuvant radiation therapy and chemotherapy for
resectable rectal cancer. J Natl Cancer Inst 1996;88:1039-1045.

Mak A, Rich T, Schultheiss T, Kavanagh B, Ota D, Romsdahl M: Late complications of postoper-
ative radiation therapy for cancer of the rectum and rectosigmoid. Int J Radiat Oncol Biol Phys
1994;28:597-603.

Baglan K, Frazier R, Yan D, Huang R, Martinez A, Robertson J: The dose-volume relationship of
acute small bowel toxicity from concurrent 5-FU-based chemotherapy and radiation therapy for
rectal cancer. Int J Radiat Oncol Biol Phys 2002;52:176—183.

Letschert J, Lebesque J, Aleman B, Bosset J, Horiot J, Bartelink H, Cionini L, Hamers J, Leer J,
van Glabbeke M: The volume effect in radiation-related small-bowel complications: Results of a
clinical study of the EORTC Radiotherapy Cooperative Group in patients treated for rectal cancer.
Radiother Oncol 1994;32:116-123.

Minsky B, Conti J, Huang Y, Knopf K: Relationship of acute gastrointestinal toxicity and volume
of irradiated small bowel in patients receiving combined modality therapy for rectal cancer. J Clin
Oncol 1995;13:1409-1416.

McDermott F, Hughes E, Pihl E, Johnson W, Price A: Local recurrence after potentially curative
resection for rectal cancer in a series of 1008 patients. Br J Surg 1985;72:34-37.

Bagatzounis A, Kolbl O, Mueller G, Oppitz U, Willner J, Flentje M: Das lokoregionére Rezidiv
des Rektumkarzinoms. Eine comutertomographische Analyse und ein Zielvolumenkonzept fiir die
adjuvante Radiotherapie. Strahlenther Onkol 1997;173:68-75.

Galandiuk S, Wieand H, Moertel C, Cha S, Fitzgibbons R, Pemberton J, Wolff B: Patterns of
recurrence after curative resection of carcinoma of the colon and rectum. Surg Gynecol Obstet
1992;174:27-32.

Hoffman JP, Riley L, Carp N, Litwin S: Isolated locally recurrent rectal cancer: A review of inci-
dence, presentation, and management. Semin Oncol 1993;20:506-519.

Mendenhall W, Million R, Pfaff W: Patterns of recurrence in adenocarcinoma of the rectum and
rectosigmoid treated with surgery alone: Implications in treatment planning with adjuvant radia-
tion therapy. Int J Radiat Oncol Biol Phys 1983;9:977-985.

Hocht/Hammad/Thiel/Wiegel/Siegmann/Willner/Wust/ 50
Herrmann/Eble/Carstens/Flentje/Neumann/Hinkelbein



32

33

Wiig J, Wolff P, Tveit K, Giercksky K: Location of pelvic recurrence after ‘curative’ low anterior
resection for rectal cancer. Eur J Surg Oncol 1999;25:590-594.

Hocht S, Wiegel T, Hammad R, Hinkelbein W: Pelvic sites of recurrence in rectal cancer. Lancet
2002;360:879-880.

Dr. Stefan Hocht

Klinik fiir Radioonkologie und Strahlentherapie

Charité, Campus Benjamin Franklin

Hindenburgdamm 30, DE-12200 Berlin (Germany)

Tel. +49 30 8445 3058, Fax +49 30 8445 2991, E-Mail stefan.hoecht@medizin.fu-berlin.de

Multicenter Analysis of Patients with Recurrent Rectal Cancer 51



Wiegel T, Hocht S, Sternemann M, Buhr HJ, Hinkelbein W (eds): Controversies in Gastrointestinal
Tumor Therapy. Front Radiat Ther Oncol. Basel, Karger, 2004, vol 38, pp 52-56

@ececccccccccccccccccccooe

Intraoperative Radiotherapy -
Special Focus: Recurrent Rectal
Carcinoma

M. Treiber?, T. Lehnert®, S. Oertel?, R. Krempien?, M. Bischof®,
M. Buechler®, M. Wannenmacher®, J. Debus?

Departments of *Clinical Radiology and "Surgery, University of Heidelberg,
Heidelberg, Germany

Rectal cancer has a high rate of local recurrences and still has a poor
prognosis. Surgical abilities are limited due to the involvement of bone,
vascular or visceral structures, and curative treatment is possible in less than
10%. Palliative strategies are aimed to prevent the debilitating symptoms of
pelvic failures. Intraoperative radiotherapy (IORT) gives the possibility of a
locally restricted dose escalation [1]. In addition, for previously irradiated
patients, IORT often offers the last chance for additional high-dose radiation [2].
In our department we established multimodal treatment including surgery, IORT
and external beam radiotherapy (EBRT) to improve local control and prevent
symptoms of pelvic failures.

Materials and Methods

From August 1991 to December 2001, 65 patients (31 males and 34 females) with
recurrent rectal carcinomas underwent surgery with IORT. The mean patient age was
59 years. All patients had extensive preoperative evaluations, including CT scans of the
abdomen and pelvis. Failure locations were at the anastomosis (n = 24), the presacrum
(n = 26) and the pelvic side wall (n = 15). At the time of failure diagnosis 21 patients
showed lymph node involvement and 13 patients had distant metastases (12 in the liver and
1 in the lungs).

All operations were performed with the intent of complete resection. Complete
resection (RO) was possible in 29 patients, 17 patients had microscopic (R1) and 19 patients
had macroscopic (R2) tumor residuals. 18 patients had an anterior resection, 30 patients had



SIEMENS

Fig. 1. Typical IORT situation. After tumor resection the applicator has been placed
and fixed by special equipment. Then the patient is placed under the accelerator. The entire
IORT procedure (including positioning, irradiation and replacing) required 20 min.

an abdominoperineal resection and only local resection was possible in 17 patients. The type
of surgical procedure was determined by the extent and location of the tumor and the nature
of prior surgery.

Intraoperative electron-beam irradiation was performed with a dedicated facility
(Siemens Mevatron ME; fig. 1). The small bowel was covered with a moist towel and placed
cranially in the irradiation field. Both ureters were safely placed outside the IORT field in
all patients. Beams were shaped by circular chrome-plated brass applicators. The applicator
diameters varied from 5 to 12 (mean 7.5)cm. Beam alignment was achieved with an air-
docking system guided by an arrangement of laser beams within the gantry (fig. 2). Electron-
beam IORT was prescribed to the 90% isodose. A mean IORT dose of 12.5 (10-20) Gy was
delivered at a dose rate of 9 Gy/min.

54 patients had an additional 3D-planned EBRT with a total dose of 41.4 (single
dose 1.8) Gy, either preoperatively (n = 36) or postoperatively (n = 18). Simultaneous chemo-
therapy (5-FU/leucovorin) was given in 46 patients, which consisted of bolus intravenous
leucovorin (200 mg/m?) and intravenous bolus fluorouracil (400 mg/m?) in weeks 1 and 4
of EBRT.

Results

After a median follow-up of 36 months and a minimum follow-up of
2 years, a second local failure was observed in 15 patients, resulting in a local
control rate of 68%. The failure location was evaluated with CT scans and cor-
related with the IORT and EBRT field margins (IORT fields were clip-marked
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Fig. 2. The accelerator is adjusted to the applicator with an air-docking laser system.

if they were not at the presacral area, e.g. pelvic side-wall). Five recurrences
were within the IORT treatment field (7.7%) and 6 at the IORT field margin
within the EBRT field. In additional 4 anastomotic re-recurrences were seen.
As expected the presence of residual disease at the time of IORT had a negative
impact on local tumor control. The actuarial 5-year local control probability
was 78% in patients with complete resection and 58% in patients with micro-
scopic residues. These local control rates were significantly higher compared to
patients with macroscopic residues (29%). There was no statistical difference
between RO and R1 resected patients.

Sufficient pain relief was reported by all patients within 10 days after
surgery and IORT.

The median disease-free interval was 11.9 months. Distant metastases
were found in 30 patients (12 patients with local failure, alone in 18 patients).
The 5-year overall survival rate was low (39%) due to the high distant metas-
tasis rate. 17 patients died due to progressive disease, and 1 patient died of other
causes.

Most patients tolerated the treatment well. We had no perioperative
mortality (within 30 days after surgery). Perioperative morbidity (like dehis-
cence or abscess) was not increased. 3 patients developed ureter stenosis as a
long-term complication, but in none of the patients were the ureters inside the
IORT field. Neuropathy was not observed. Acute and late toxicities were not
increased by the combined treatment with surgery, IORT and EBRT, compared
to surgery and EBRT alone.
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Discussion

Curative resection of recurrences from rectal carcinoma confined to
the pelvis could be performed only in some selected situations, such as
anastomotic-limited recurrences, or after early detection. Attempts to increase
surgical radicality enhance perioperative morbidity and mortality. Higher doses
of irradiation in the preoperative or postoperative course increase the proba-
bility of local tumor control, but in the same way perioperative morbidity is
increased too. IORT allows the delivery of a high single dose to a sharply
delineated volume, while sparing normal adjacent tissues.

In the last years some studies on IORT in recurrent rectal carcinoma have
been published [1-6]. The best results were shown if complete resection had
been possible. The local control rates after IORT were increased compared to
surgery and EBRT alone, as in our patients. There was also a benefit for
patients treated with IORT after R1 resection in our study. We could show
that the local control rate of these patients was 58%. There was no significant
difference compared to patients with complete resection.

In the literature no information was given on the ratio of in-field IORT
versus out-field failures. In our study failure locations were inside the IORT
field in only 5 patients (7.7%).

The risk of side effects is increased by high additional EBRT doses
(50.4-54.4 Gy) as described in former studies [7]. We could show that there are
no IORT-related complications if both ureters are safely placed outside the
IORT field and moderate doses of EBRT (in combination with chemotherapy)
are applied.

In the patient series treated at the Ullevaal Hospital Oslo, Norway,
the RO/R1-stage patients survived significantly longer than the R2 group [6].
We could see a trend to better survival in RO/R1-resected patients, but
the difference was not significant. The overall survival is bad for macro-
scopic incompletely resected patients due to their high rate of distant
metastases.

Conclusion

We conclude that IORT is a feasible and safe technique for patients with
recurrent rectal carcinoma. Local control in recurrent rectal carcinomas appears
to be improved in this series. IORT offers a locally restricted dose escalation by
optimal normal tissue sparing. Palliation, especially pain relief, was achieved in
all our patients and is an important effect of IORT. The benefit of IORT for
overall survival has to be proven in larger trials.
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Looking for radio-oncologic strategies concerning the local recurrence of
rectal carcinoma, a systematic review of the literature was recently undertaken
by Wong et al. [1] to address the question: what is the most effective dose frac-
tionation schedule for the relief of symptoms in patients with pelvic recurrence
from rectal or colorectal carcinoma? The authors came to the following result:
‘The optimal dose fractionation schedule for the palliation of pelvic recurrence
from rectal carcinoma remains undefined. Well-designed randomized studies,
with study arms that are sufficiently diverse biologically to allow the detection
of a dose-response relationship, if one existed, equipped with suitable symptom
control end points, are necessary to provide a clinically relevant answer’ [1].

However, there are some hints on how to deal with the problem regarding
history and status of the patient as well as primarily applied treatment modalities.

In general the following parameters influence the outcome of a second treat-
ment in rectal cancer: ‘Upon multivariate analysis, overall survival was positively
correlated with ECOG performance status (p = 0.0001), absence of extrapelvic
metastases (p = 0.0001), long intervals from initial surgery to radiation therapy
for local recurrence (p = 0.0001), total radiation dose (p = 0.0001), and
absence of obstructive uropathy (p = 0.0013). Pelvic disease progression-free
rates were positively correlated with ECOG performance status (p = 0.0001),
total radiation dose (p = 0.0001), and previous conservative surgery for the
primary (p = 0.02)’ [2].

There are a number of relevant options involving radiotherapy in the treat-
ment of rectal local recurrences: (1) conventional external beam radiotherapy
(EBRT) with or without concomitant chemotherapy, administered pre- or post-
operatively; (2) intensity-modulated radiotherapy (IMRT) or other high precision



radiotherapy techniques; (3) intraoperative electron beam radiotherapy (IORT);
(4) intraoperative high-dose rate (HDR-IORT)-brachytherapy in different tech-
niques; (5) radiotherapy combined with hyperthermia; (6) radiotherapy com-
bined with intra-arterial chemotherapy; (7) high linear energy transfer (LET)
radiotherapy; (8) variation in fractionation schedules, and (9) combination with
‘new drugs’.

Conventional External Beam Radiotherapy with or
without Concomitant Chemotherapy, Administered
Pre- or Postoperatively

If in the first line there was no radiotherapy administered, all options
are open for the treatment of the local recurrence. The state of the art is still,
referring to the NIH conference of 1991 [3], postoperative chemoradiation with
concomitant 5-FU applied with continuous infusion [13—15].

In the last years in the US preoperative long-term chemoradiation has
become more and more the standard for advanced or fixed tumors, resulting
even in curative outcomes for rectal recurrence in more than 50%. Preoperative
short-term radiotherapy [4] does not result in tumor downstaging or downsiz-
ing, but may also lead to an advantage in overall survival. A combination of
short-term radiation and chemotherapy may not be recommended because, due
to the higher doses in short-term modalities, a higher rate of acute and late side
effects has to be expected.

IMRT or Other High Precision Radiotherapy Techniques

As mentioned before, the total radiation dose turned out to be a statistically
significant factor in the treatment of rectal carcinoma recurrence. Therefore
also in this field every effort should be made to be able to increase the dose
within the tumor without causing injury to critical organs or normal tissue. This
might lead to the application of IMRT or other high precision radiotherapy
techniques as an indication for the treatment of rectal recurrence. Especially the
ability of shaping the isodoses in a horse-shoe form (fig. 1) with IMRT may be
advantageous over conventional techniques.

In this context it is of great interest which the best planned target volume
is for the local recurrence of rectal cancer. In an interesting work on a computed
tomographic analysis and target volume concept for adjuvant radiotherapy of
locoregional recurrence of rectal carcinoma, Bagatzounis et al. [5] stated: ‘Our
data demonstrate that 2/3 of the patients with tumor-bed recurrences also show
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Fig. 1. Due to the focusing effect of rotational delivery, IMR(A)T achieves tight dose
conformity and low dose volume effect. Courtesy: University of Maryland, USA.

lymph node recurrences predominantly in the iliac internal and presacral
groups. This has to be considered in the definition of the boost target volume.
The target volume must also include the dorsal wall of the urogenital organs.
A ventral extension of target volume up to iliac external lymph nodes is not
necessary’.

Intraoperative IORT

Another possibility to increase dose in the tumor bed in cases with a high
probability of R1 or R2 resections is intraoperative radiotherapy (IORT; fig. 2)
[16—18]. Since Gunderson [6] there have been a number of publications which
could demonstrate the advantages of IORT in combination with percutaneous
radiotherapy (EBRT) against percutaneous radiotherapy alone in rectal carci-
noma, but there is a lack of randomized phase-III trials. Therefore this method
did not become a standard.

In 1999 Mannaerts et al. [7] published data on a group of 37 patients with
locally recurrent rectal carcinoma without distant metastases, who received
combined treatment consisting of 50.4 Gy preoperative irradiation or, in case
of previous radiotherapy, 30 Gy re-irradiation or no irradiation, followed by

Local Recurrence of Rectal Carcinoma: Radio-Oncologic Strategies 59



Fig. 2. Intraoperative electron beam radiotherapy using a mobile linear accelerator.

radical surgery and intraoperative IORT boost: ‘Fifteen patients received a radical
resection (R0), 8 a microscopic non-radical resection (R1), and 14 a macroscopic
non-radical resection (R2). The overall 3-year local control (LC), disease-free
survival (DFS), and overall survival rates were 60, 32, and 58%, respectively.
Radicality of resection (RO/R1 vs. R2) turned out to be the significant factor for
improved survival (p < 0.05), DFS (p = 0.0008), and LC (p = 0.01).
Preoperative (re-)irradiation is the other significant factor in survival (p = 0.005)
and DFS (p = 0.001) and was almost significant for LC (p = 0.08). After exter-
nal beam radiation therapy (EBRT) a significantly higher resection rate was
obtained (RO/R1 vs. R2 p = 0.001)’.

In an update in 2001 the same group compared primarily non-resectable
rectal carcinoma with local recurrence, using EBRT and IORT and came to
the following results: ‘After 3 years, the local control, disease-free survival and
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survival rates for the locally advanced primary rectal cancer group were 74, 60
and 55%, respectively, and for the locally recurrent rectal cancer group 64, 34 and
50% respectively’ [8].

Also in terms of quality of life the outcome was comparable between both
groups: ‘56 and 63% respectively had been able to resume employment,
53 and 59% respectively had been able to resume their previous lifestyle,
15 and 27% respectively indicated radicular pain as a new symptom, 26 and 46%
respectively stated problems with walking, 42 and 44% respectively stated
problems with urinating and 59 and 52% respectively a reduction in sexual
activity’ [8].

Intraoperative HDR-Brachytherapy

Concerning the technique of IORT results seem to be comparable using
either electron beam or HDR brachytherapy. Harrison et al. [9] published
data on 22 patients with primary unresectable disease and 46 patients who pres-
ented with recurrent disease: ‘In general, the patients with primary unresectable
disease received preoperative chemotherapy with 5-fluorouracil (5-FU) and
leucovorin, and external beam irradiation to 4,500—5,040 cGy, followed by sur-
gical resection and HDR-IORT (1,000-2,000 cGy). In general, the patients with
recurrent disease were treated with surgical resection and HDR-IORT
(1,000-2,000 cGy) alone. For patients with recurrent disease, the 2-year actuarial
local control rate was 63%. The disease-free survival was 47% (71% for nega-
tive margins and 0% for positive margins; p = 0.04)’. As already stated, the last
figures mean that IORT alone might not be sufficient and EBRT has to be
added whenever possible.

In our own experience after a median follow up of 19 months overall sur-
vival was 56% in patients with negative margins against 49% in patients with
R1+R2+Rx resection. This can be interpreted in a way that the intraoperative
boost might be able to equalize the disadvantage of R1 or even R2 resections
when the rest of the tumor layer, as in our series, does not exceed 3 mm of
thickness. Unfortunately this might never be proven as all attempts to evaluate
this matter in randomized trials failed due to the small number of patients for
accrual (fig. 3, 4).

Hyperthermia

A number of other modalities combined with radiotherapy are still
under investigation. One which is of increasing interest is hyperthermia. Some
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Fig. 3. Intraoperative HDR-brachytherapy using the Munich flab method.

publications [19, 20] indicate a possible advantage for combining hyperthermia
with chemoradiation against chemoradiation alone, but until now this could not
be proven for rectal carcinoma in randomized trials.

Radiotherapy Combined with Intra-Arterial Chemotherapy

Another method, not used in rectal carcinoma alone, is the combination
with intra-arterially applied chemotherapy [21]. An especially developed tech-
nique is necessary to avoid serious side effects, which might be responsible for
the missing evaluation of the method in further series.

High LET Radiation

Other modalities are under investigation. Proton therapy or other high LET
radiation is a powerful tool to increase dose in tumor tissue. In his Gray lecture
2001 Suit [10] stated: ‘The technology of RT is clearly experiencing intense and
rapid technical developments as pertains to treatment planning and dose deliv-
ery. It is predicted that radical dose RT will move to proton beam technology and
that the treatment will be four dimensional’. But these methods are very expen-
sive and will therefore not be available everywhere in the near future (fig. 5).

Variations in Fractionation

Variations in fractionation schedules have also been investigated for the
treatment of rectal carcinoma. Hyperfractionation and acceleration are useful
for the shortening of treatment time in palliative modalities.
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Fig. 4. The mobile and flexible flab and its dose distribution on the surface and in a
depth of 4 cm.
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Fig. 5. Relative biological dose depth curve of different ions. Variations in fractionation.

Glynne-Jones et al. [11] experienced a good effect on quality of life in
rectal recurrence: ‘A total dose of 54 Gy was given in 36 fractions over 12 con-
secutive days; three fractions of 1.5 Gy were employed each day with an inter-
fraction interval of 6h. Of these 19 patients, 13 had local pelvic recurrence
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from rectal carcinoma. Complete pain relief was achieved in recurrent rectal
cancer in 100% of patients, at a median of 15 days since commencing radio-
therapy (range 7—63 days), and has been maintained for mean and median dura-
tions of 19 and 18 months respectively (range 1.5-45 months)’.

Combination with New Agents

Last but not least the combination with new agents, especially those with
radiosensitizing effects, is of growing interest. As we learned from the experi-
ence with gemcitabine, new drugs should be tested for their radiosensitizing
capabilities early in preclinical studies before being implemented into clinical
routine by internal oncologists in order to prevent patients from increased
toxicities in combing these new drugs with conventional fractionated radio-
therapy. If this is taken into account, ‘further improvement in response and -
survival could be achieved by using novel chemotherapeutic agents or through
tumor-selective molecular targeting strategies that enhance the effects of chemo-
therapy, radiotherapy, or both. Irinotecan (CPT-11, Camptosar) is a novel chemo-
therapy agent being evaluated clinically as a radiosensitizing agent in rectal
cancer. Inhibition of several molecular targets-such as epidermal growth factor
receptor, ras oncogene activation, the cyclooxygenase-2 (COX-2) enzyme, and
neoangiogenesis-appears to be tumor-selective in preclinical models. COX-2
expression has been shown to enhance cytotoxic therapy in preclinical models.
In vitro and in vivo studies show that selective COX-2 inhibition enhances the
effects of radiotherapy as well as chemotherapy’ [12].

Conclusion

There are numerous ways to re-treat patients with local recurrence of rectal
carcinoma. The chosen treatment should carefully be harmonized with the pri-
marily applied modalities and the history and status of the patient. Curative
results can be achieved under favorable circumstances, as well as reasonable
palliation in progressive or metastatic disease. New treatment modalities have
to be proven carefully.
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Diagnostic Imaging of Pancreatic
Cancer —The Role of PET

Michael Zimny

Department of Nuclear Medicine, University Hospital, Aachen, Germany

Adenocarcinoma of the pancreas is among the most frequent causes of
cancer-related deaths in patients with gastrointestinal malignancies. Curative
therapy is restricted to patients with limited and resectable disease. However,
late onset of often unspecific symptoms explains that the majority of patients
present with advanced and non-resectable disease at primary diagnosis. Thus,
the overall 5-year survival rate for pancreatic cancer is below 1-5% [1, 2].
However, even in resectable tumors the 5-year survival is only 5-15% [3-5]
indicating that pancreatoduodenectomy represents a palliative procedure for the
majority of patients with pancreatic cancer [6].

Despite a battery of imaging tools and recent advances in computed
tomography (CT) and magnetic resonance imaging (MRI), the differential
diagnosis of pancreatic adenocarcinoma and chronic focal pancreatitis is still a
challenge [7]. Since the early 1990s positron emission tomography (PET) with
the radiolabeled glucose analog 2-['3F]-fluoro-2-deoxy-D-glucose (FDG PET)
has been used in oncology. The feasibility of visualizing malignant tumors with
FDG PET is based on the early observation of Warburg et al. [8] that the malig-
nant transformation of cells is accompanied by an increased glycolytic rate. For
both, FDG and glucose, the transport into the cell is facilitated by glucose trans-
port proteins (GLUT). Among other malignant tumors, an increased expression
of GLUT has been reported for pancreatic cancer [9, 10]. Like glucose, FDG is
phosphorylated by the hexokinase-mediated reaction. However, the next steps
in the biochemical pathway of glucose are blocked for FDG and, hence, FDG
accumulates in the cell in relation to glucose consumption. Absolute measure-
ments of regional radioactivity concentrations enable the quantitative or semi-
quantitative assessment of parameters of regional glucose metabolism, e.g. the
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Fig. 1. Sagittal (a), transversal (b), and coronal (c¢) slices showing intensive and focal
FDG uptake in the head of the pancreas in a patient with adenocarcinoma of the pancreas.

metabolic rate for glucose, the transport rate for FDG, or the standardized
uptake value. A number of studies, recently summarized by Gambhir et al. [11],
described encouraging results for FDG PET for the primary diagnosis, staging
and therapy monitoring of a variety of malignant diseases including pancreatic
cancer.

The early studies of FDG PET in pancreatic cancer focused on the differ-
ential diagnosis of pancreatic masses [12, 13]. A typical example of pancreatic
adenocarcinoma with intense and focal FDG uptake is shown in figure 1.
A pilot study by Bares et al. [13] reported a high detection rate of pancreatic
cancer with FDG PET. These encouraging results were confirmed later on in a
larger series of patients with a sensitivity of 85% and a specificity of 84% [14].
In this study all but 1 false-negative findings occurred in hyperglycemic
patients. Thus, the sensitivity improved to 98% if hyperglycemic patients were
excluded. False-positive findings were observed in patients with active chronic
pancreatitis. Similar results were reported by Diederichs et al. [15]. To date a
number of studies with more than 900 patients have been published (table 1).
The median sensitivity, specificity, negative predictive value, positive
predictive value, and accuracy were 93, 83, 81, 92, and 87%, respectively.
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Table 1. Summary of the results of FDG PET for the differentiation of pancreatic
lesions

Author n Sensitivity, %  Specificity, %  Prevalence!, %
Bares et al. [39]%, 1994 40 93 85 68
Stollfuss et al. [40]>°, 1995 73 95 90 59
Friess et al. [41], 1995 80 94 88 60
Inokuma et al. [42], 1995 46 94 82 76
Kato et al. [43], 1995 24 93 78 63
Bares et al. [44]%, 1996 85 85 77 65
Ho et al. [45], 1996 14 (8/8) (4/6)
Zimny et al. [14]?, 1997 106 85 84 70
723 98 85 65
Diederichs et al. [15]°, 1998 152 86 78 68
Keogan et al. [46], 1998 37 88 83 68
Rajput et al. [47], 1998 15 89 100 82
Sendler et al. [48]°, 1998 46 86 67 61
Delbeke et al, [49]>¢, 1999 65 92 85 80
Rose et al. [25]¢, 1999 65 92 85 80
Imdahl et al. [21]>¢, 1999 48 96 100 56
Diederichs et al. [18]%, 1999 3044 81 82 52
Sendler et al. [27]¢, 2000 42 71 64 74
Nakamoto et al. [22]%, 2000 47 96° 75 57
1006 80
Koyama et al. [50], 2001 86 82 81 76
Sperti et al. [26], 2001 55 94 97 31
Nitzsche et al. [23]7:¢, 2002 15 100 100 44
Papos et al. [S1], 2001 22 100 88 27
Sum® 907
Range? 11-304 71-100 64-100 27-82
Median® 47 93 83 66

Prevalence of pancreatic carcinoma.

’Diagnosis based on standardized uptake values (SUV).

3Subgroup of patients with normal blood glucose levels (<6.2 mmol/l).

4132 malignant tumors of the pancreas, including 91 cases of ductal adenocarcinoma and
16 cases of ampullary carcinoma.

SSUV 1h after FDG i.v.

SSUV 2h after FDG i.v. combined with retention index.

"Diagnosis based on time activity curves derived from kinetic data.

8Pooled data including only results of the publications with the largest series of patients of
each institution.

*<Publications from the same institute.
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Fig. 2. Transversal (@) and coronal (b) slices of a patient with chronic pancreatitis
showing only moderate and diffuse FDG uptake in the pancreas.

However, there is a broad range of results for sensitivity (71-100%) and speci-
ficity (64—100%). This can be mainly attributed to different patient selection
criteria including the prevalence of pancreatic cancer and patients with diabetes
as well as the prevalence of active chronic pancreatitis.

Especially Shreve [16] observed a considerable number of false-positive
PET findings in patients with inflammatory processes of the pancreas. Intense
and even focal FDG uptake of inflammatory processes is a known phenome-
non and related to a high glucose metabolism of macrophages [17]. This
is especially relevant in acute and active chronic pancreatitis. Diederichs
et al. [18] showed in a large series of patients that the specificity of FDP PET
to differentiate pancreatic cancer and chronic pancreatitis was related to the
level of the C-reactive protein. In patients with a C-reactive protein concen-
tration of >10ng/ml the specificity of FDG PET was only 40% compared to
87% if the concentration of the C-reactive protein was <10ng/ml. However,
in non-active chronic pancreatitis the content of inflammatory cells is limited
and, furthermore, the expression of the GLUT]1 is low. Thus, the FDG uptake
of the pancreas in the majority of patients with chronic pancreatitis is low

(fig. 2) [10].
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Recently, several authors recommended modifications to the acquisition
protocol to improve the specificity of FDG PET. Based on observations of
Hamberg et al. [19] and Hustinx et al. [20] that the FDG uptake of malignant
tumors reaches a plateau as late as 2 h after intravenous administration of FDG
and that benign lesions are m