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Rectal cancer after pelvic irradiation
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Summary
During a 6 month period in 1988 five women
were treated at Colchester General Hospital for
carcinoma of the rectum, each more than 10 years
after undergoing pelvic irradiation. Although
irradiation has not been proven to induce human
colorectal cancer, considerable circumstantial and
experimental evidence supports this belief. Features
suggestive ofradiation-induced colorectal cancer are
the presence ofradiation-damaged bowel adjacent to
the carcinoma and a mucus-secreting ('colloid')
histological pattern.
The increasing number ofwomen being exposed to

rectal irradiation in the course of treatment of
gynaecological malignancy may result in an increase
in the incidence of radiation-induced rectal cancer.
Awareness of this potential long-term complication
is important when planning follow-up of patients
subjected to pelvic radiotherapy.

Introduction
Although colorectal carcinoma following abdominal
and pelvic radiotherapy is well documented, a direct
cause-effect relationship has not been proven. During
a period of 6 months in 1988, five women underwent
resection for rectal cancer at the Colchester General
Hospital, each more than 10 years after pelvic
radiotherapy. This has prompted a review of the
association between irradiation and colorectal cancer
and ofthe need for follow-up ofthe rectum in patients
who have received pelvic radiotherapy.

Results
The essential clinical details of the five patients are
recorded in Table 1.

Discussion
Irradiation is one of the most potent and well
documented environmental carcinogens in man'.

Table 1. Clinical details

Radiotherapy details Subsequent rectal cancer
Latency Pathology

Case Reason for Dose Additional period Operation Adjacent
No. radiotherapy [cGy] Route therapy (years) performed Tumour bowel

1 Induction of 1200 External Nil >40 Abdomino- Well differentiated adeno- Normal
menopause for (app) perineal carcinoma of lower % of
menorrhagia resection rectum. No lymph node

involvement. Solitary
metastasis in left lobe of liver.

2 Cervical 8000 External Nil 20 Abdomino- Poorly differentiated mucus- Dense post-
carcinoma (at pt A) + perineal secreting adenocarcinoma of irradiation

implant resection lower % of rectum. No lymph rectal fibrosis
node involvement. Liver clear.

3 Endometrial 4500 External Abdominal 30 Abdomino- 2 distinct, synchronous rectal Chronic
carcinoma hysterectomy perineal carcinomata involving almost proctitis with

resection entire rectum, both poorly fibrosis
differentiated mucus-secreting affecting
lesions (Figure 1). No lymph intervening
node involvement. Liver clear. rectum

4 Invasive 5000 External Nil 12 Abdomino- Well differentiated adeno- Marked
bladder perineal carcinoma of lower % of rectum. fibrosis and
carcinoma resection No lymph node involvement. muscular

Liver clear. hypertrophy
of rectum-
and sigmoid

5 Endometrial 3000 Implant Abdominal 16 Anterior 2 distinct, synchronous lesions Fibrosis of
carcinoma (at pt A) hysterectomy resection of upper % of rectum and distal intervening

sigmoid colon, both moderately bowel wall;
differentiated, mixed mucus- goblet cell
secreting adenocarcinomata. hyperplasia
No lymph node involvement. Of interveni
Liver clear. mucosa

(Figure 2).
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Yet evidence in the literature linking irradiation
and colorectal cancer is largely inconclusive and
often contradictory. For example, one follow-up
study2 has shown a greater than expected incidence
of carcinoma of the rectum in women previously
irradiated for benign uterine bleeding (x3.32) and
for cervical carcinoma (x 1.4); another has shown no
such increase after irradiation for benign uterine
bleeding3. However, the former study is hampered
by incomplete follow-up ofthe irradiated group (43%)
and the latter by the short duration of follow-up
(mean=6.7 years), making interpretation of the
conclusions difficult in both studies.
Other authors have observed higher than expected

mortality rates from rectal cancer among women
previously irradiated for cervical carcinoma (x2.8)4,
for benign uterine bleeding (x1.53)5 and for ankylos-
ing spondylitis (x1.7)6. A subsequent report has
found this last observation to be independent of
any increased risk of rectal carcinoma due to the
association of ulcerative colitis with ankylosing
spondylitis7. Observations relating to mortality rates,
however, may not reflect a real increase in the
incidence of rectal cancer but may represent a
poorer prognosis for cancers occurring incidentally in
irradiated bowel or in previously irradiated patients.
Similar arguments diminish the significance of the
observed increase in mortality from colonic cancer
among Japanese atomic bomb survivors8.
The issue is further clouded by the apparent, possibly

genetic, link between gynaecological and rectal
malignancy irrespective of the mode of treatment of
the gynaecological cancer. Bailar9 found a higher
incidence of rectal cancer among women previously
treated for cervical or endometrial carcinoma by
surgery alone than by radiotherapy alone (x2.14 vs
x 1.41). On the other hand, another study has shown
that the increased risk of the late development of
rectal cancer after treatment for endometrial cancer
was conferred only to those women who had been
treated by radiotherapy'0.
Finally, experimental irradiation of rat colon has

established the carcinogenic potential of irradiation
in this animal". Although this observation cannot
necessarily be applied to the human colon, one
comprehensive analysis'2 calculated that the relative
risk in humans of developing colorectal carcinoma
after irradiation for gynaecological malignancy is
increased by 2-3 fold (2.0-3.6).
In view of the high incidence of colorectal cancer

in Western populations it is clear that not all post-
irradiation rectal cancer is in fact radiation-induced.
Numerous criteria have been proposed which might
distinguish incidental from radiation-induced cancers
(Table 2). Most implicate high dose radiation as the
principle risk factor'3"4.

Table 2. Proposed criteria for radiation-induced colorectal
cancer

Black and Ackerman (1965)
(1) Post-irradiation interval 10 years

(2) Large radiation exposure to bowel
(3) Severe radiation damage to bowel adjacent to tumour

MacMahon and Rowe (1971)
(1) Early radiation proctitis
(2) Subsequent secondary proctitis
(3) Stenosis/induration of recto-vaginal septum

Figure 1. Mucus-secreting adenocarcinoma (case 3).
Malignant cells lying within lakes of mucus (H&E, x42)

Another feature linked with radiation-induced
carcinoma is the presence of a mucus-secreting (or
'colloid') histological pattern (Figure 1). This has been
found significantly more frequently than expected in
the two largest published series of post-irradiation
colorectal cancer15'16 and is the only histological
variety of colon cancer to date in irradiated
animals"l.
Unfortunately, none ofthese criteria, whether taken

alone or in combination, can be regarded as absolute
confirmation that any given tumour is radiation-
induced. For example, the reported post-irradiation
interval or 'latency period' is highly variable. In the
largest published series'6 the peak incidence of post-
irradiation colorectal cancer was from 5 to 10 years
after the completion of radiotherapy while one
carcinoma was seen 45 years after irradiation. This
report confirms a wide range of post-irradiation
intervals (12-40 years). As yet, however, the influence
ofradiation dose upon the latency period has not been
considered in detail in the literature. It is possible that
higher doses of irradiation might be associated with
the earlier appearance of colorectal cancer. Hence,
radiation-induced rectal cancer might occur at widely
variable intervals following completion ofradiotherapy
depending upon the dosage of irradiation directed at
the rectum.
Not surprisingly there is also incomplete agreement

about the dose of irradiation most likely to predispose
to subsequent colorectal cancer. Although radiation
damaged bowel adjacent to the carcinoma (indicative
of moderate to high doses of radiotherapy) has been
identified in 70% of post-irradiation cancers16, others
have concluded that lower doses of radiotherapy are
more likely to induce colorectal cancer2'17. Experience
with irradiated rat colon, however, has shown an
essentially linear relationship between dose and the
subsequent rate of cancer induction".
We have also noted a wide range ofradiation dosage

in the present series but it is our impression that
higher doses producing radiation damaged bowel
are more likely to be associated with subsequent
development ofcarcinoma. The occurrence ofnearby
synchronous carcinomata within radiation-affected
bowel in two of the five cases reported adds weight
to this impression of a 'field effect'; ie cancer arising
out ofmucosa rendered unstable by prior irradiation.
The presence ofmucus-secreting adenocarcinoma in

three ofthe cases in this series and of obvious goblet
cell hyperplasia alongside the primary tumour in
one (Figure 2) reinforces the proposed link between
bowel irradiation and this histological pattern.
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Experimental irradiation of rat small intestine'8 has
also been shown to produce a significant increase in
goblet cells both in absolute and relative terms. We
regard these microscopic appearances as suggestive
of radiation-induced cancer.
With radiotherapy now forming at least part ofthe

treatment of virtually all patients with cervical
cancer, the number of women exposed to rectal
irradiation has increased. The incidence ofradiation-
induced rectal cancer may also be set to increase over
the next 10-20 years. Until irradiated patients can
be shown not to be at increased risk of subsequent
rectal cancer, consideration should be given to
surveillance ofthe rectum at post-radiotherapy follow-
up examinations.
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