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Adjuvant radiotherapy and chemotherapy in the treatment
of rectal cancer

G. Pechlivanides

The rectum is easily accessible by digital examina-
tion and other methods of investigation because of its
position at the end of the gastrointestinal tract. This par-
ticularity of the rectum enables us, with relative accura-
cy, to define preoperatively, the stage of local invasion
of carcinomas.

PREOPERATIVE STAGING

As regards the preoperative estimation of the bowel
wall depth of invasion, digital examination accuracy is
not more than 68% and the magnetic resonance imag-
ing (MRI) reaches only 66%. The accuracy though of
the endoluminal ultrasound (EUS) exceeds 88%. Those
methods are less accurate when they are used to deter-
mine the regional lymph node status. The endoluminal
ultrasound accuracy is not more than 71% and that of
the magnetic resonance tomography is less than 72%.1

Combining EUS and MRI helps us to select patients with
advanced rectal cancer which are candidates for preop-
erative adjuvant treatment. None of these techniques,
however, can reliably identify the extend of lymph node
involvement.

INTRAOPERATIVE STAGING

The development of radioimmunoguided surgery
(RIGS) provided us with another tool useful for staging
cancer. In a recently published study of Manayan et al2

the monoclonal antibody CC49 labeled with iodine 125
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was used. Two days prior to administration of the anti-
body, each patient was given a saturated solution of po-
tassium iodide, to minimize radioactive uptake into the
thyroid gland. Patients were scheduled for surgery when
their precordial counts were less than or equal to 20
counts per 2 seconds as determined by the gamma-de-
tecting probe (GDP). During the operation after the for-
mal systemic surgical exploration the patients underwent
a RIGS exploration using the hand-held GDP. Overall
occult tumor was detected in 12 out of 19 patients with
primary colorectal cancer. Fifty percent of the occult find-
ings were found positive on histology. Based on infor-
mation obtained from RIGS, changes in therapeutic de-
cisions occurred in 23% of the patients.

From an earlier study from Arnold et al3 it was found,
by following the patients up for 30 to 54 months, that 15
out of 17 RIGS positive patients died, while all 14 RIGS
negative patients lived.

LOCAL STAGE AND PROGNOSIS

Locally not extensive rectal cancer includes the path-
ological stages T1, T2 and less extensive T3 (in the Duke's
classification A and less extensive B or in the Astler Coller
classification A and B1). Five year survival is high (over
70 per cent) and local recurrence low (less than 5 per
cent) for those patients.

In contrast, the locally extensive tumour involves path-
ological stages of more extensive T3 and T4 or with Dukes
the extensive B tumour (Astler Coller B2). Here 5-year
survival is low (about 30 per cent) and local recurrences
high (10-30 per cent).4

This pre- or post-operative subdivision helps in iden-
tifying the group of patients which will benefit from ad-
juvant treatment.
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LYMPHATIC SPREADING

Lymphatic spreading is another important source of
local recurrence which is also related to poor survival.
Although total mesorectal excision has reduced local
recurrence it has not eliminated them.5 It has been proved
histopathologically that 30 per cent of patients undergo-
ing major surgery for rectal cancer harbor tumour cells
in the lateral pelvic wall nodes associated with the inter-
nal iliac vessels. Those nodes are not removed by any
standard major operation for rectal cancer. The presence
of nodal involvement within the mesorectum is an indi-
cation of the presence of lateral pelvic lymphadenopa-
thy.6

HISTOLOGICAL GRADE

The histological grade of the tumour is also related
to local recurrence. Distal intramural spread, greater than
1cm below the lower border of the tumour, is almost al-
ways associated with poor differentiation. The error in
identifying the later in preoperative specimens is an high
as 50 per cent.7

LOCAL RECURRENCE AND SURVIVAL

The risk for local recurrence is between 20 and 30
per cent for carcinomas which have infiltrated the entire
bowel wall (T3) and lymphnodes, if they are treated by
classical surgery only. The recurrence rate increases to
50 per cent for carcinomas infiltrating the adjacent tis-
sues (T4). Fifty per cent of those patients will develop
metastases and die within 5 years.8 For those groups of
patients adjuvant treatment must be offered by means
of radiotherapy and/or chemotherapy.

It has not been proved yet which is the ideal form of
adjuvant treatment but there are perspective compara-
tive studies which are continued on this direction.

It appears that some combination of chemotherapy
and radiotherapy, which should start preoperatively when
is possible, is the one which will give the best results.

POSTOPERATIVE RADIATION THERAPY

The advantages of postoperative radiation therapy
include the following: 1) precise knowledge of tumour
stage; 2) avoidance of overtreatment of lower-stage le-
sions less than T3N0 or those patients with disseminated
disease discovered at surgery; 3) the ability to offer sur-
gery immediately to the patient; and 4) simple logistics
for arranging treatment for the patient who lives out of

the area.

The disadvantages of postoperative radiation thera-
py include the following: 1) potentially compromised
margins for large bulky tumours fixed to surrounding
structures; 2) irradiated bowel left behind (the preanas-
tomotic and distal bowel are included in the field); 3)
decreased fecal reservoir due to radiation fibrosis of the
neorectum after sphincter-sparing procedures; 4) the
need for techniques to exclude the bowel from the pel-
vis; and 5) inability to accurately deliver radiation to the
tumour bed after surgery.

PREOPERATIVE RADIATION THERAPY

The advantages of preoperative radiation therapy
include the following: 1) accurate delivery of maximum
dose to the tumour and at-risk tissues; 2) reduced dose
requirement in smaller nonadvanced lesions (lower cost/
shorter course); 3) irradiation of well oxygenated tissues;9

4) complete removal of all irradiated tissue except the
distal postanastomotic segment of bowel; 5) less chance
of small bowel fixation in the pelvis with subsequent ra-
diation injury;10 5) less likelihood of compromised mar-
gins if the tumour shrinkage occurs, also increased re-
sectability;11 6) lower locoregional failure; and 7) possi-
bly improved long-term survival (especially if given with
systemic chemotherapy).

The disadvantages of preoperative radiation therapy
include the following: 1) delay in surgical therapy (10
weeks for 4500 cGy or 5 days for 2000 cGy); 2) logistical
problems in arranging preoperative treatment for out-
of-area patients; 3) potential for overtreatment of early
or disseminated tumours; 4) the need for a more exten-
sive procedure (mobilization of the splenic flexure and
removal of sigmoid colon); 5) surgeon's fear of losing
the patient during radiation therapy; 6) patient's fear of
tumour spread during radiation.

RESULTS OF RADIATION THERAPY
STUDIES

The results from several published studies compar-
ing pre-operative or post-operative radiation therapy to
surgery as the only treatment, and not directly between
them, are strongly indicating that local control achieved
by preoperative radiation therapy6 tends to be 5 to 10%
better than with postoperative radiation (10-16% vs 15-
25%).12,13

Preoperative radiation therapy improves also the in-
filtration depth in more than 30% of the cases used, hence
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it increases the resectability of the tumour and therefore
the chance for sparing the sphincter.14

Preoperative radiation does not create problems re-
lated to the surgical operation. The postoperative and
late complications are not increased.15

Postoperative radiation therapy does not improve
patient's survival. By preoperative radiation therapy
though, as it became evidence by the study from Sweden
in 1168 patients16 and the Glimelius metanalysis of 5626
patients,17 a small survival benefit is seen when used in
patients with resectable tumours. This survival benefit
though is not statistically significant. From the same stud-
ies it appears that, at similar doses, preoperative radia-
tion therapy is more efficient in reducing local failure
rate than postoperative. A 15-20 Gy higher dose may be
required postoperatively than preoperatively to reach
similar efficacy.

Equally effective is the preoperative short scheme,
of high doses in short time period (25 Gy in five cycles
during 5-7 days, a week prior to operation) to the rec-
tum and the pararectal tissues.18

SYSTEMIC ADJUVANT TREATMENT
STUDIES

It is evident from the study of Ahmad et al, that dis-
tant metastases are a significant problem for patients with
T3 and T4 rectal cancer. This is especially true for pa-
tients who remain in pathological stage T3 or T4 follow-
ing preoperative radiation therapy, for whom the 5- and
10-year actuarial rates of freedom from distant metas-
tases were only 55 and 43 per cent respectively. Howev-
er, even among patients who are T0-2 following preoper-
ative radiation therapy, only 67 per cent remain free of
distant metastases at 10 years.14 Such findings substanti-
ate the need for effective systemic therapy in conjunc-
tion with radiation therapy and surgery in the manage-
ment of locally advanced rectal cancer.

COMBINED ADJUVANT TREATMENT
STUDIES

The data from the retrospective study of Havegna et
al19 suggest that an aggressive approach including total
mesorectal excision and combined modality adjuvant
therapy improves survival and local control compared to
a conventional approach. Five-year survival for the ag-
gressive approach was 73 per cent vs 52 per cent for the
conventional approach. Five-year local recurrence-free
survival was 83 per cent and 72 per cent respectively and

local recurrence rate was 17 per cent vs 28 per cent.

Postoperative combined modality adjuvant treatment
has been used widely. Combined postoperative 5FU/LV
and pelvic radiation therapy (50.4 Gy) as used by Giralt
et al20 is well tolerated and produces a reasonable local
control (local relapse 13 per cent at 3 years) and accept-
able disease-free and total survival (72 per cent and 76
per cent respectively). Many other studies like that pub-
lished by Krook et al21 (50.4 Gy and 5FU/semustin)
showed reduction of local and systemic recurrences by
20 to 34 per cent.

National Surgical Breast and Bowel Project Protocol
R-0222 was designed to compare combined postopera-
tive chemotherapy-radiotherapy treatment to only chem-
otherapy. The combined postoperative adjuvant treat-
ment gave better results as regards the local recurrences
but as regards the 3.5 year survival the results were sim-
ilar.

Minsky et al23 treated their patients with preopera-
tive combined chemotherapy (2 monthly cycles LV/5FU)
and radiotherapy (50.4 Gy) followed by postoperative
chemotherapy (4 cycles LV/5FU). The resectability rate
with negative margins was 97 per cent. The complete
response rate was 11 per cent pathologic and 14 per cent
clinical for a total of 25 per cent. The 4-year actuarial
disease-free survival was 67 per cent and the overall sur-
vival was 76 per cent. The crude local failure rate was 14
per cent. Crude local failure rate for the patients who
had pathologic complete response was 0 per cent.

"Sandwich" preoperative and postoperative chemother-
apy and radiation therapy was used by Chan et al24 to a
small number of patients with rectal cancer of T3-4, Nx,
M0 stage. The treatment protocol included 4 weeks of
preoperative concurrent radiation (40 Gy) - chemothera-
py (MMC+5FU+LV) and postoperative 2 weeks radia-
tion (20Gy) - 4 days chemotherapy (MMC+5FU+LV).
They compared those patients to a group of patients
which was treated with preoperative radiation (40 Gy) -
chemotherapy (MMC+5FU). The complete resectabili-
ty rate was improved from 91 per cent in the preopera-
tive protocol to 100 per cent in the sandwich protocol,
and the pathologic complete response rate (T0 N0 M0)
was increased from 4 to 15 per cent. There was no local
recurrence in the sandwich protocol. The 4-year local
failure rate was 23 vs 0 per cent. The 2-year and 4-year
survival were 63 and 41 per cent for the preoperative
protocol vs 92 and 72 per cent for the sandwich protocol,
respectively. The only difference in complications was
the more frequent development of grade 2 diarrhea in
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same scheme was given also postoperatively. It was well
tolerated. The overall resectability was 89 percent. In 14
percent the histopathologic report confirmed no evidence
of residual tumour. A partial remission was observed in
46 percent of the patients. The survival rate after 38
months was 86 percent. In none of the patients was a
local recurrence detected.

Laser therapy (Nd:YAG) combined to endocavitary
radiation was used by Conio et al32 to a small group of
patients who were unfit for surgery and the EUS showed
invasion of the whole muscular layer. They obtained good
results (relieved their symptoms) in 79% of the patients
but the two doses of 10Gy radiation they used caused
severe side effects.

Intraoperative electron beam radiation therapy has
been used combined with pre- and post-operative radio-
therapy and chemotherapy by Sofo et al33 and Nakfoor
et al34 for patients with locally advanced rectal cancer.
The local recurrence rate was reduced without a signifi-
cant increase of mortality and morbidity. The group from
Boston34 have used intraoperative radiation also to pa-
tients having surgery for local recurrence with good re-
sults.

All these alternative adjuvant treatments studies suf-
fer though of limited number of patients applied and of
short follow up period.

CONCLUSIONS

Based on the above review of literature and our insti-
tutional experience on the treatment of locally advanced
rectal cancer we came up to the following conclusions:

1) There is a need for preoperative local staging, with
the help of endoluminal ultrasound, in order to re-
veal the locally advanced rectal cancers which should
receive adjuvant treatment and the early cancers
which should be considered for local excision in the
case of unfit for major surgery patients.

2) The combination of radiation therapy and chemother-
apy, as adjuvant treatments, is necessary in order to
achieve not only the reduction of local recurrences
but to improve also the survival.

3) Adjuvant treatment should be started preoperative-
ly, so that surgery will be performed for as less cancer
mass as possible, hence with more chances of retain-
ing the sphincteric mechanism and with less chance
of intraoperative spread of cancer cells and also less
cancer mass left at the end of the operation.

the sandwich protocol.

There is an ongoing National Surgical Breast and
Bowel Project Protocol study R-03 designed to deter-
mine the worth of preoperative chemotherapy and radi-
ation therapy in the management of operable rectal can-
cer which progress report was published in 1997.25 All
patients receive seven cycles of 5FU/LV chemotherapy.
Cycles 1 and 4 through 7 use a high-dose weekly regi-
men. In cycles 2 and 3 a low-dose regimen is used during
the first and fifth week of radiation therapy (50.4 Gy).
The preoperative treatment group received the first three
cycles of chemotherapy and all radiation before surgery.
The postoperative treatment group received all radia-
tion and chemotherapy after surgery. The two groups are
equally safe and tolerable. There is evidence of tumour
downstaging in evaluable patients undergoing preoper-
ative therapy, with 8 per cent having a complete patho-
logic response. Sphincter saving surgery was performed
in 50 percent of the preoperatively treated patients and
33 percent of the postoperatively treated patients. Infor-
mation on survival and local recurrences will be availa-
ble with the completion of the study.

ALTERNATIVE ADJUVANT TREATMENTS
STUDIES

Several alternative treatments have been used main-
ly for patients with advanced unresectable rectal carci-
nomas, without though promising results.

Proton beam therapy has potential advantages when
treating medically inoperable patients with a large rec-
tal cancer over conventional therapy.26

The isolated pelvic perfusion lasting 90 min at 40.5oC
with 5FU/MMC/Mitoxandrone has been proved useful
in inoperable disease of the pelvis by reliably relieving
pain and thereby improving the patients quality of life.27

In vitro temperatures of 40-43oC enhance the effect
of radiotherapy and chemotherapy.28 Interference with
the repair of radiation-induced DNA damage29 and a
synergistic interaction with cytotoxic drugs have been
reported as modes of action.28 The so far experience with
rectal cancer was limited to the application of endocavi-
ty hyperthermia in addition to radiotherapy.30 In 1998
Rau et al31 published their results of using, for patients
with and T4 rectal cancers, regional hyperthermia (BSD-
2000's SIGMA 60 ring applicator) was given once a week
before radiotherapy (45 Gy with 1.8 Gy fractions for 5
weeks). 5-Fluoruracil (300-350 mg/m2 and leucovorin (50
mg) were administered on days 1 to 5 and 22 to 26. The
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4) So far there is no definite conclusion as to which
scheme of adjuvant treatment is the optimum. Fur-
ther studies of larger groups of patients and longer
follow up periods are required.

REFERENCES

1. Starck M, Bohe M, Fork FT, Lindstrom C, Sjoberg S.
Endoluminal ultrasound and low-field magnetic reso-
nance imaging are superior to clinical examination in the
preoperative staging of rectal cancer. Eur J Surg 1995;
161(11):841-845.

2. Manayan RC, Hart MJ, Friend WG. Radioimmunoguid-
ed surgery for colorectal cancer. Am J Surg 1997; 173:386-
389.

3. Arnold MW, Young DC, Hitchcock CL, et al. Radioim-
munoguided surgery in primary colorectal carcinoma: an
intraoperative prognostic tool and adjuvant to tradition-
al staging. Am J Surg 1995; 170:315-318.

4. Dukes CE, Bussey HJR. The spread of rectal cancer and
its effect on prognosis. Br J Cancer 1958; 12:309-320.

5. Heald RJ, Ryall FDH. Recurrence and survival after to-
tal mesorectal excision for rectal cancer. Lancet 1986;
2:996-999.

6. Hojo K, Koyama Y, Moriya Y. Lymphatic spread and its
prognostic value in patients with rectal cancer. Am J Surg
1982; 144:350-354.

7. Blenkinsopp WK, Stewart-Brown S, Blesovsky L, Kear-
ney G, Fielding LP. Histopathology reporting in large
bowel cancer. J Clin Pathol 1981; 34:509-513.

8. Rich T, Gunderson LL, Lew R, et al. Patterns of recur-
rence of rectal cancer after potentially curative surgery.
Cancer 1983; 52:1317-1329.

9. Tannock IF. Oxygen diffusion and the distribution of cel-
lular radiosensitivity in tumours. Br J Radiol 1972; 45:515-
524.

10. Minsky BD, Cohen AM, Kemeny N, et al. Combined
modality therapy of rectal cancer: Decreased acute toxic-
ity with the preoperative approach. J Clin Oncol 1992;
10:1218-1224.

11. Mohiudin M, Marks G, Bannon J. High dose preopera-
tive radiation and full thickness local excision: A new
option for selected T3 distal rectal cancers. Int J Radiat
Oncol Biol Phys 1994; 30:845-849.

12. Pahlman L. Increased five-year survival after preopera-
tive irradiation in rectal cancer. Dis Colon Rectum 1996;
39)5):A19.

13. Myerson RJ, Zusag T, Kodner I, et al. Adjunctive radia-
tion therapy for rectal carcinoma. Am J Clin Oncol 1992;
15:102-111.

14. Ahmad NR, Nagle D. Long term results of preoperative
radiation therapy alone for stage T3 and T4 rectal can-
cer. Br J Surg 1997; 84:1445-1448.

15. Medical Research Council Rectal Cancer working Party.
Randomised trial of surgery alone versus radiotherapy
followed by surgery for potentially operable locally ad-
vanced rectal cancer. Lancet 1996; 384:1605-1610.

16. Swedish Rectal Cancer Trial. Improved survival with pr-
eoperative radiotherapy in resectable rectal cancer. N
Engl J Med 1997; 336(14):980-987.

17. Glimelius B, Isacsson U, Jung B, Pahlman L. Radiother-
apy in addition to radical surgery in rectal cancer: evi-
dence for a dose-response effect favoring peroperative
treatment. Int J Radiat Oncol Biol Phys 1997; 37(2):281-
287.

18. Stockholm Colorectal Cancer Study Group. Randomized
study on preoperative radiotherapy in rectal carcinoma.
Ann Surg Oncol 1996; 3(5):423-430.

19. Havegna K, Huang Y, Enker WE, et al. Aggressive ver-
sus conventional strategies in the treatment of rectal ad-
enocarcinoma. Surg Oncol 1996; 5(4):183-188.

20. Giralt J, Rubio D, Maldonado X, et al. Fluoruracil and
high-dose leucovorin with radiotherapy as adjuvant ther-
apy for rectal cancer. Acta Oncol 1997; 36(1):51-54.

21. Krook J, Moertel CG, Gunderson LL, et al. Effective sur-
gical adjuvant therapy for high risk rectal carcinoma. N
Engl J Med 1991; 324:709.

22. Rockette H, Deutsch M, Petrelli N. Effect of postopera-
tive radiation therapy (RTX) when used with adjuvant
chemotherapy in Duke's B anc C rectal cancer. Results
from NSABP R-02 study. Proc Am Soc Clin Oncol 1994;
13:193.

23. Minsky BD, Cohen AM, Enker WE, et al. Preoperative
5FU, low-dose leucovorin, and radiation therapy for lo-
cally advanced and unresectable rectal cancer. Int J Ra-
diat Oncol Biol Phys 1997; 37(2):289-295.

24. Chan AK, Wong AO, Langevin JM, et al. "Sandwich" pr-
eoperative and postoperative combined chemotherapy
and radiation in tethered and fixed rectal cancer: impact
of treatment intensity on local control and survival. Int J
Radiat Oncol Biol Phys 1997; 37(3):629-637.

25. Hyams DM, Mamounas EP, Petrelli N, et al. A clinical
trial to evaluate the worth of preoperative multimodality
therapy in patients with operable carcinoma of the rec-
tum: a progress report of National Surgical Breast and
Bowel Project Protocol R-03. Dis Colon Rectum 1997;
40(2):131-139.

26. Isacsson U, Montellius A, Jung B, Glimelius B. Compar-
ative treatment planning between proton and X-ray ther-
apy in locally advanced rectal cancer. Radiother Oncol
1996; 41(3)263-272.

27. Vaglini N, Cascinelli F, Chiti A, et al. Isolated pelvic per-
fusion for the treatment of unresectable primary or re-
current rectal cancer. Tumori 1996; 82(5):459-462.

28. Bull JMC. An update on the anticancer effect of combi-
nation of chemotherapy and hyperthermia. Cancer Res
1984; 44:4853-4856.

29. Herman TS, Teicher BA, Jochelson M, et al. Rationale
for use of local hyperthermia with radiation therapy and
selected anticancer drugs in locally advanced human ma-
lignancies. Int J Hyperthermia 1988; 4:143-158.

30. Takahasi T, Horie H, Kojima O, Itoh M. Preoperative
combined treatment with radiation, intraluminal hyper-
thermia, and 5-fluorouracil suppositories for patients with
rectal cancer. Jpn J Surg 1993; 23:1043-1048.



9 4 G. PECHLIVANIDES

31. Rau B, Wust P, Hohenberger P, et al. Preoperative hyper-
thermia combined with radiochemotherapy in locally ad-
vanced rectal cancer. Ann Surg 1998; 227(3):380-389.

32. Conio M, Picasso M, Orsatti M, et al. Combined treat-
ment with laser therapy (ND:YAG) and endocavity radi-
ation in the palliation of rectal cancer. Hepatogastroen-
terology 1996; 43(12):1519-1522.

33. Sofo L, Ratto C, Doglietto GB, et al. Intraoperative radi-

ation therapy in integrated treatment of rectal cancers.
Results of phase II study. Dis Colon Rectum 1996;
39(12):1369- 1403.

34. Nakfoor BM, Willert CG, Shellito PC, et al. The impact
of 5-fluorouracil and intraoperative electron beam radia-
tion therapy on the outcome of patients with locally ad-
vanced primary rectal and rectosigmoid cancer. Ann Surg
1998; 228:194-200.


