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Purpose. Acute radiation injury may cause serious complications to the
pelvic colon and rectum especially in patients with pelvic malignancies.
There are considerable differences of opinion about the risk for the deve-
lopment of colorectal cancer following pelvic irradiation. We present
five patients whose tumors were considered to be radiation-induced.
Methods. A retrospective review of medical records was performed to
identify colorectal cancer patients who had previously received radio-
therapy following surgical treatment for their primary cancers.

Results. Review of medical records revealed 5 patients (one male and four
female). Their age ranged from 65 to 87 years, with an average of 73.4
years. Four patients had rectal cancer and one patient had sigmoid colon
cancer. All of these patients had radiation therapy at least 10 years prior to
the development of colorectal cancer. Three patients had received radia-
tion therapy for cervical cancer, one for bladder cancer, and one for rectal
cancer. One patient underwent low anterior resection, one abdomino-
perineal resection and three Hartmann’s resections of the colorectal
cancers.

Conclusion. Irradiation may play a role in the development of colorectal
cancer. Benefit of radiotherapy should be evaluated against the risk of de-
velopment of cancer in the radiated bowel.

[J Soc Colon Rectal Surgeon (Taiwan) 2008, 19:41-46]

Radiation is frequently offered to the patients with
pelvic malignancies as primary or adjuvant the-
rapy. Radiation injury may cause serious complica-
tions to pelvic organs such as the colon and rectum.
There are considerable differences of opinion about
the risk for the development of colorectal cancer fol-
lowing pelvic irradiation, and those who have re-
ceived pelvic irradiation are presumed to be at a higher
risk for colorectal cancer. Much of the evidence that
supports radiation as a cause of colorectal cancer co-
mes from case reports.'”

Black and Ackerman demonstrated the criteria®

for classifying a tumor as radiation-induced as follow-
ing: (1) an adequate time, probably 10 years or more,
should exist between completion of radiotherapy and
the diagnosis of carcinoma; (2) radiation exposure
should be great and that “severe” radiation damage to
tissue adjacent to the cancer should be demonstrable.
Slaughter and Southwick reported nine patients who
developed carcinomas in a field of radiation therapy.’
Even if all criteria are met, it is still possible that a tu-
mor in an irradiated area is an incidental occurrence,
since most therapeutic radiation is directed at the area
in which most colorectal cancer naturally occur.
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We hereby analyzed five patients who met the cri-
teria of radiation-induced colorectal cancer.

Cases Analysis

From 1986 to 2004, five patients who had radio-
therapy at least 10 years prior to the development of
colorectal cancer were identified. They met the crite-
ria suggested by Black and Ackerman, and were be-
lieved to have colorectal cancer caused by radiation
injury. One patient was male and four were female.
Their age ranged from 65 to 87 years old, with an av-
erage of 73.4 years. Four patients had rectal cancers
and one patient had sigmoid colon cancer. Three pa-
tients had previously received radiation therapy for
cervical cancers and one each for bladder cancer and
rectal cancer. (Table 1)

Case one is a 65-year-old female with rectal can-
cer who underwent low anterior resection 21 years
ago. She was given post-operative radiation therapy.
The total dose was 6000 cGy, and radiotherapy was
completed within 51 days. No cancer recurrence or
distant metastasis was found during regular follow up.
Eighteen years after radiation therapy, she presented
with rectal bleeding and body weight loss. Sigmoi-
doscopy revealed a tumor mass with slightly elevated
margin and central ulceration in the low rectum, about
4 c¢cm from the anal verge. Friable rectal mucosa was
also seen in the rectum, suspecting proctitis. Patho-
logic report was adenocarcinoma (the tumor grew in
cribriform or complex glandular pattern set in a fi-
brous stoma). She subsequently underwent abdomi-
noperineal resection of the rectal cancer and is still
alive without evidence of recurrent cancer.

Case two is a 80-year-old female with cervical
cancer who received abdominal total hysterectomy
and bilateral salpingo-oophorectomy more than 20
years ago. She was given post-operative radiation
therapy. A total dose of 6000 cGy, was given in a span
of 33 days. No cancer recurrence or distant metastasis
was found during regular follow up. Twelve years af-
ter radiation therapy, she presented with bloody stool
and tenesmus. Colonoscopy revealed severe inflam-
mation, edematous mucosa with narrowing of rectum,
about 10 cm from the anal verge. Friable tissue was

noted, and radiation procitis was suspected. Patho-
logic report was moderately differentiated adenocar-
cinoma. She underwent low anterior resection of rec-
tal cancer and is still alive 20 years following surgery.

Case three is a 65-year-old male with bladder can-
cer who received total cystectomy with ileal conduit
15 years ago. He was given post-operative radiation
therapy. The total dose was 8100 cGy, and radio-
thetrapy completed within 90 days. No cancer recur-
rence or distant metastasis was found during regular
follow up. He presented with low abdominal pain and
bloody stool 10 years after radiation therapy. Sigmo-
idoscopy revealed a big ulcer with some exudate in
the sigmoid colon and suspected radiation proctitis.
Biopsy revealed poorly differentiated adenocarcinoma.
He underwent Hartmann’s resection and is alive with
metastatic disease.

Case four is a 70-year-old female with cervical
cancer who received operation and a full course of ra-
diation therapy 20 years ago at another hospital.
Therefore, the radiation data were not availible. Six-
teen years after radiation therapy, she presented with
chronic diarrhea off and on with stool coming from
vagina. Colonoscopy revealed sigmoid colon stricture
and suspected radiation proctitis. A rectal-vaginal fis-
tula was also noted. An indurated mass at the rec-
tosigmoid colon with severe adhesion to the urinary
bladder was noted during operation. Pathology re-
vealed adenocarcinoma of rectum. She underwent
Hartmann’s resection and died of metastatic disease.

Case five is a 87-year-old female with cervical
cancer who received operation and a full course of ra-
diation therapy 30 years ago at another hospital.
Twenty-five years after radiation therapy, she pre-

Table 1. Characteristic of the patients

Study period 1986-2004
Post radiation 10~25 years
Total number of patients 5
M:F 1:4
Age 65-87 y/o
(Ave. 73.4 y/o)
Rectal: Colon 4:1
Previous cancer for radiotherapy
Cervix 3
Urinary bladder 1
Rectum 1
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sented with body weight loss and low abdominal pain.
Bright-red stool was also noted. Enodoscopy revealed
the middle rectal stricture with easy contact bleeding.
Radiation proctitis was suspected and biopsy was per-
formed. The pathologic report showed coagulative
necrotic tissue with some inflammatory cells and
early tissue reaction. There was no evidence of viable
squamous cell carcinoma tissue. Double contrast bar-
ium enema revealed persistent rigid narrowing of the
rectum, highly suggestive of rectal carcinoma. Due to
persisting low abdominal pain, so she underwent

DOUBLE COLO!

Hartmann’s resection of the rectal lesion. The patho-
logic report revealed poorly differentiated adenocar-
cinoma, Dukes’ B lesion. She died of post-operative
acute respiratory distress syndrome. (Table 2 and 3)

Discussion

Investigation of Japanese populations in Hiro-
shima and Nagasaki following the atomic bombs
found a significantly elevated mortality rate from co-

Fig. 1. Double contrast barium enema revealed constant
rigid narrowing and ulcertation of the rectum (ar-
row), suggesting radiation proctitis but not tissue

Fig. 2. The pathologic picture revealed adenocarcinoma
invaded through the muscle layer (dotted arrow).
Perirectal tissue and the intima of vessel showed
fibrotic change (arrow), this change related with ra-

proven pre-operatively. diation therapy.
Table 2. Surgical procedures and outcome
Operative method Case number Outcome

Low anterior resection 1 Alive 20 years following surgery
Abdominoperineal resection 1 Alive without evidence of disease
Hartmann’s resection 3 One patient was alive with metastatic disease; one patient died

of ARDS postoperatively; one patient died of metastatic disease

Table 3. Radiation therapy data of the patient

Time of secondary colorectal

Radiation dosage (cGy)  Radiation interval (days) Radiation proctitis cancer after R/T (years)
Case 1 6000 51 Present 21
Case 2 6000 33 Present 20
Case 3 8100 90 Present 10
Case 4* Not available Not available Present 16
Case 5* Not available Not available Present 25

* Case 4 and 5 received radiation therapy at another hospitals.
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lon cancer but not from rectal cancer.® The result
pointed out that irradiation was considered as a car-
cinogen, but this was still controversial. A study of
women employed as radium dial painters showed in-
creased risk for colon cancer. However, colorectal
cancer was not demonstrated to be increased in radio-
logists, workers at a nuclear research facility and
World War II radiology technicians. Radiation has
been considered and placed in the category of a car-
cinogen by the Food and Drug Administration since
2005.

Many studies had discussed the relationship be-
tween the radiation therapy and colorectal cancer.’
Sandler et al reported the risk of radiation-induced
colorectal cancers.!” They considered that women
who were irradiated for gynecologic cancer might
have a relative risk for subsequent colorectal cancer of
2.0-3.6 based on best estimates. The risk was calcu-
lated independently of any risk imposed by underly-
ing disease. These women were appropriate targets
for careful surveillance for colorectal cancer. Palmar
etal.! presented a significantly elevated risk of rectal
cancer following radiation for benign uterine bleed-
ing. Liauw et al. reviewed 125 patients after radiation
therapy for prostate cancer and revealed that there
may be an increased but small risk of developing a
second malignancy.'? Birgisson et al.'* analyzed the
occurrence of second cancers in patients with rectal
cancer treated with external radiotherapy in addition
to surgery. An increased risk of second cancers was
found in patients treated with radiotherapy in addition
to surgery for a rectal cancer, which was mainly ex-
plained by an increase in the risk of second cancers in
organs within or adjacent to the irradiated volume.

The radiation injury pathway or pathogenesis of
carcinogenesis is still controversial today. Dasu et
al.'* demonstrated that dose inhomogeneity plays an
important role in predicting the risk for secondary
cancer, and therefore for predictive purposes it must
be taken into account through the use of the dose vol-
ume histograms. They also suggest that the competi-
tion between cell killing and the induction of carcino-
genic mutations has to be taken into consideration for
more realistic risk estimations. Tsuji and colleagues
performed genetic analysis of radiation-associated
rectal cancer.!® The results suggested that the radia-

tion-associated rectal carcinomas examined in their
study did not develop through the mutator phenotype
pathway; rather, tumorigenesis was probably medi-
ated through the multistep carcinogenesis pathway.
Therefore, more studies on the radiation injury path-
way are required.

Three of our cases had history of cervical cancer
and received radiation therapy previously. Castro ana-
lyzed twenty-six patients with carcinoma of large
bowel who were irradiated for carcinoma of cervix
and uterus from 1926 t01969.'° The majority of the
cases met the criteria, thus suggesting a causal link.
Most of the patients (69%) had patients had a po-
stirradiation interval of over 10 years. Half of the pa-
tients had symptomatic radiation proctocolitis; 58%
had histologic proof of radiation-related alterations
which involved the bowel segment. Colloid carci-
noma comprised 58% of the tumors, more than 10%
in a general case series. Palmer and Spratt observed
471 irradiated cervical cancer patients who survived
at least 10 years. There were two rectal cancer cases,
higher than thel.4 cases of expected."" Brack and
Dickson identified 923 patients who survived over 5
years after radium treatment for cervical cancer. Twelve
deaths from cancer of the rectum were observed,'’
higher than the 4.35 cases of expected.

The relationship between radiation dosage and the
incidence of secondary cancers is still controversial in
present. Jao et al reviewed 76 cases of colon or ano-
rectal cancer after pelvic irradiation for other malig-
nant or benign lesions.'® The cancer developed at a
mean of 15.2 years after irradiation, with peak fre-
quency between five and ten years; 85 percent of the
patients had a mild to prominent radiation reaction
around the cancer. Among the 72 adenocarcinomas,
26 percent of the cancers were mucinous type. Only
17 percent of the patients presented with symptoms of
radiation proctitis, and the mean radiation dosages
were not high. High radiation dosage and severe radi-
ation damage may not be essential for radiation-asso-
ciated colorectal cancer. The overall five-year sur-
vival rate was 48 percent. However, some authors had
the opposite opinion. Kendle and colleagues investi-
gated a putative increased risk of rectal cancer subse-
quent to prostatic radiotherapy.'® They were unable to
demonstrate a significant increased incidence of rectal
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cancer in men irradiated for prostatic cancer in all
33,831 patients studied.

To our knowledge, there have not been any studies
on anastomotic leakage rate after radiation. In our
series, all of these five patients received surgical resec-
tion. Only one patient had low anterior resection with
anastomosis, three had Hartmann’s resection and one
had abdominoperineal resection. Further investigation
about this topic should be carried out in the future.

Conclusion

Radiation has been considered and placed in the
category of a carcinogen. It should be kept in mind that
radiation therapy could be the cause of colorectal can-
cer. More studies are required for confirmation of the
relationship between radiation therapy and colorectal
cancer. Benefit of radiotherapy, especially postopera-
tive radiotherapy, should be evaluated against the risk
of development of cancer in the radiated bowel.
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