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Preoperative management of advanced rectal cancer often includes chemoradiotherapy, but

little is known about the late complications of radiotherapy. However, these are usually

serious, making determination of the characteristics of late complications after radiation

therapy critical. Accordingly, we investigated the complications occurring after adjuvant

pelvic radiation therapy in patients with advanced rectal cancer. We enrolled 34 consecutive

patients with TNM stage III rectal cancer who had undergone curative surgery with adjuvant

pelvic radiation therapy. Data on the type of complication/organ involved, the number of

complications, the phase of onset, and the treatments used were reviewed. Patients who

experienced gut complications or edema were less likely to have their complications resolved

than those with complications due to infection. Similarly, patients with multiple

complications and late-onset complications were also less likely to have their complications

resolved than those with single complications and those with early-onset complications,

respectively. Adjuvant radiation therapy in patients with resected advanced rectal cancer was

associated with various complications, characterized by late onset and impaired resolution.

Therefore, patients indicated for radiation therapy should be selected with great caution.
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In the past, postoperative adjuvant pelvic radia-

tion therapy was often performed for patients

with advanced rectal cancer1–3; but in recent years,

oxaliplatin, fluorouracil, and leucovorin (FOLFOX)4

and capecitabine plus oxaliplatin (XELOX)5 have

been more commonly used without radiation. How-
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ever, chemoradiotherapy is more often used for
preoperative management of advanced rectal cancer
than chemotherapy alone.6 Early complications of
radiation therapy have been studied more exten-
sively than late complications, which may be
experienced up to 10 years postoperatively. Late
complications are usually serious and difficult to
resolve, and thus, determination of the characteris-
tics of late complications after radiation therapy is
critical. Accordingly, in this study we aimed to
examine the spectrum of complications after adju-
vant pelvic radiation therapy in patients with
advanced rectal cancer. We evaluated parameters
such as the type of complication/organ involved,
the number of complications, the phase of onset,
and appropriate treatments.

Materials and Methods

We enrolled 34 consecutive patients with TNM stage
III rectal cancer who underwent curative surgery
with adjuvant pelvic radiation therapy at Aichi
Cancer Center Hospital in Nagoya, Japan, between
January 1975 and December 2005. All subjects have
given their informed consent and this manuscript is
a retrospective study. In our hospital, in the event of
a retrospective study, this procedure is equivalent to
having obtained permission in our ethical commit-
tee on human research (Aichi Cancer Center Ethics
Committee). Consequently, there is no approval
code. Postoperative and intraoperative irradiation
was performed in 31 and 3 cases, respectively.
During this period, patients with positive dissected
lateral lymph nodes received radiation therapy,
although a positive lymph node status is currently
a contraindication for irradiation. Complications
developed after radiation therapy in 18 patients
(24 events, 52.9%). All complications were of more
than grade 2 severity according to the standard
classification and severity grading scale (Common
Terminology Criteria for Adverse Events, version
4.03; National Cancer Institute, Maryland, USA).7

During the same study period, 45 patients were
contraindicated for treatment with postoperative
adjuvant pelvic radiation therapy and received
other types of therapy; their data were used for
comparison.

Cases with the rectosigmoid colon as the primary
cancer site were excluded. None of the patients had
received chemotherapy or radiation therapy prior to
surgery. Complete dissection of all the regional
lymph nodes with mesorectal excision was per-
formed in all cases. In Japan, lateral lymph node

dissection is generally indicated if the lower margin
of the primary cancer is located below the peritoneal
reflection or anal canal, with invasion into the
muscularis propria or beyond. The circumferential
margin of resection was negative for all cases.

We reviewed the hospital records to obtain
clinicopathological information about the patients,
including sex and age (median, 56 years), lesion
location, surgical procedure, dose of radiation, and
adverse complications. Rectal cancer was defined as
a tumor whose lowest border was located between
the anal verge and the sacral promontory. Lesions
were classified as upper or lower rectal cancers
depending on their location with respect to the
peritoneal reflection. The average total pelvic radi-
ation dose was 4550 cGy (1440–6000 cGy). The
radiation field was delineated by the aortic bifurca-
tion at the cephalad end, Alcock’s canal caudally,
and the inguinal arteries laterally.

The mean follow-up period was 6.5 years (253–
7330 days) for the determination of complication
characteristics such as complication type/organ
involved, number of complications, phase of onset,
and treatment choice.

The Fisher exact probability text, univariate
logistic regression, and multivariate stepwise logis-
tic regression analysis were performed to identify
factors that might influence complications. All data
are expressed as the mean 6 SD.

The log-rank test was used to evaluate the
differences in the local recurrence-specific relapse-
free survival rates between groups. Statistical
significance was set at P , 0.05.

Results

Patients who received radiation therapy showed
better local recurrence-specific relapse-free survival
rates than those who did not receive radiation
therapy, although this difference was not statistical-
ly significant (P ¼ 0.817, Fig. 1).

With regard to the complication type/organ
involved, complications were classified as gut
complications, infection complications, and edema
complications. Gut complications were diarrhea (n¼
6, 25%), ileus (n¼ 4, 16.7%), intestine perforation (n
¼ 1, 4.2%), and ileovesical fistula (n ¼ 1, 4.2%).
Infection complications were pelvic inflammation (n
¼ 7, 29.2%), intractable cystitis (n ¼ 1, 4.2%), and
osteolysis of the sacrum (n ¼ 1, 4.2%). Lower
extremity edema accounted for all edema compli-
cations (n ¼ 3, 12.5%; Table 1).
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With regard to the number of complications, 14
patients (77.8%) had a single complication and 4
patients (22.2%) had multiple complications. Pa-
tients with a single complication had diarrhea (n¼4,
16.7%); ileus (n ¼ 4, 16.7%); lower extremity edema
(n¼ 3, 12.5%); pelvic inflammation (n¼ 2, 8.4%); or
intestine perforation (n ¼ 1, 4.2%). Those with
multiple complications had ileus plus ileovesical
fistula (n¼ 1, 4.2%); diarrhea plus pelvic inflamma-
tion (n ¼ 1, 4.2%); pelvic inflammation plus pelvic
inflammation (nonconcurrent; n¼ 1, 4.2%); or pelvic
inflammation plus osteolysis of the sacrum (n ¼ 1,
4.2%; Table 2).

With regard to the phase of complication onset,
13 patients (54.2%) showed early onset and 11
patients (45.8%) showed late onset. Complications

developed 42 6 12 (mean 6 SD) days after
radiotherapy in patients with early-onset complica-
tions and 3532 6 553 days after radiotherapy in
patients with late-onset complications. Patients with
early-onset complications had diarrhea (n ¼ 4,
16.7%), ileus (n ¼ 3, 12.5%), intestine perforation (n
¼ 1, 4.2%), pelvic inflammation (n ¼ 4, 16.7%), and
intractable cystitis (n ¼ 1, 4.2%). Those with late-
onset complications had ileus (n ¼ 3, 12.5%),
ileovesical fistula (n¼ 3, 12.5%), pelvic inflammation
(n¼ 3, 12.5%), osteolysis of the sacrum (n¼ 1, 4.2%),
and lower extremity edema (n ¼ 1, 4.2%). In 6
patients, complications occurred more than 10 years
after radiation (ileus in 2 patients [8.4%] and
ileovesical fistula, pelvic inflammation, osteolysis
of the sacrum, and lower extremity edema in 1
patient each [4.2% each]). The longest interval
between radiation therapy and complication devel-
opment was 17 years (pelvic inflammation; Table 3).

With regard to treatment for complications, 18
patients were treated conservatively (75.0%) and 6
patients underwent surgery (25.0%). Four patients
underwent a single surgery (16.7%) and the remain-
ing 2 required multiple surgeries (8.3%; Table 4).

Complications were resolved in 16 patients
(66.7%). Resolution of complications was not signif-
icantly associated with the type of complication (P¼
0.174), number of complications (P¼ 0.175), phase of
onset (P¼ 0.082), or treatment (P¼ 0.351). However,
the rate of resolution of complications tended to be
lower for gut and edema complications than for
infection complications. Similarly, patients with
multiple complications and late onset of complica-
tions tended to show lower rates of complication
resolution than those with a single complication and
early onset, respectively (Table 5).

Fig. 1 Comparison of patients treated with and without

radiation therapy. The local recurrence-specific relapse-free

survival rate was better with radiation therapy than without such

treatment.

Table 1 Type/organ of complication after adjuvant radiation therapy

Organ/type complication Incidence, n (%)

Gut complications

Diarrhea 6 (25.0)
Ileus 4 (16.7)
Intestine perforation 1 (4.2)
Ileovesical fistula 1 (4.2)

Infection complications

Pelvic inflammation 7 (29.2)
Intractable cystitis 1 (4.2)
Osteolysis of the sacrum 1 (4.2)

Edema complications

Lower extremity edema 3 (12.5)

Table 2 Number of complications after adjuvant radiation therapy

Type/organ of complication Incidence, n (%)

A single complication 14 (77.8)

Diarrhea 4 (16.7)
Ileus 4 (16.7)
Intestine perforation 1 (4.2)
Pelvic inflammation 2 (8.4)
Lower extremity edema 3 (12.5)

Multiple complications 4 (22.2)

Ileus þ ileovesical fistula 1 (4.2)
Diarrhea þ pelvic inflammation 1 (4.2)
Pelvic inflammation þ pelvic
inflammation (nonconcurrent)

1 (4.2)

Pelvic inflammation þ osteolysis
of the sacrum

1 (4.2)
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Discussion

Late complications after adjuvant radiotherapy have
been previously reported for rectal and esophageal
cancer.8–10 Those related to esophageal cancer
include acute myocardial infarction, heart failure,
pleural effusion, and radiation pneumonitis. For
rectal cancer, previous studies only reported phe-
nomenological events of complication and these
were not analyzed in detail. To our knowledge, this
is the first study to describe the characteristics of
complications after adjuvant pelvic radiation thera-
py for rectal cancer in detail. The phase of
complication onset is important because late-onset
complications were frequent in this study, with 25%
of complications occurring more than 10 years after
treatment, indicating the necessity of an adequate
follow-up period. In agreement with our findings,
Henson et al. showed that late-onset bowel dysfunc-
tion can pose a significant problem after pelvic
radiotherapy, emphasizing that clinical oncologists
be aware of such possibilities.11 In our study,
patients with late-onset complications demonstrated
poorer complication resolution outcomes. In con-
trast, Zucali et al. reported that the side effects of
radiotherapy were moderate and transient and that
no late-onset small bowel complications were
observed; however, the follow-up period in that
study was ,10 years.12

Ippolito et al. reported that after a median follow-
up time of 45 months (range, 18–99 months), the 3-

year incidence of late rectal complications of grade 2
severity or higher (as per the rectal European
Organisation for Research and Treatment of Can-
cer/Radiation Therapy Oncology Group criteria)13

was 24%. All patients (24/24, 100%) experienced
rectal bleeding and 1 patient also developed rectal
urgency. Only 3 patients (2.9%) with grade 3 rectal
bleeding required argon plasma coagulation. The
authors made reference to the early (acute) onset of
the complication, suggesting that rectal mucosal
alterations were the strongest predictor of late rectal
complications, indicative of the need for early
proctoscopy.14 In the present study, the intestinal
mucosa was not examined if patients did not
complain of abdominal pain and colonoscopy was
not performed; however, in light of the findings of
Ippolito et al., routine colonoscopy may be necessary
after radiation therapy.

Fuccio et al. reported on the pathogenic mecha-
nisms of pelvic radiation disease and emphasized
that clinicians should focus on using proven
treatments correctly and avoiding misus.15 In our

Table 3 Onset of complication after adjuvant radiation therapy

Type/organ of complication Incidence, n (%)

Early-onset complications: 42 6 12 daysa Gut complications
Diarrhea 4 (16.7)
Ileus 3 (12.5)
Intestine perforation 1 (4.2)c

Infection complications
Pelvic inflammation 4 (16.7)
Intractable cystitis 1 (4.2)

Late-onset complications: 3532 6 553 daysb Gut complications
Ileus 3 (12.5) � 2 (8.4)c

Ileovesical fistula 1 (4.2) � 1 (4.2)d

Infection complications
Pelvic inflammation 3 (12.5) � 1 (4.2)
Osteolysis of the sacrum 1 (4.2) � 1 (4.2)

Edema complications
Lower extremity edema 3 (12.5) � 1 (4.2)

a n ¼ 13 (54.2%).
b n¼ 11 (45.8%).
c Occurred more than 10 years.
d Cases occurred at 17 years after adjuvant pelvic radiation therapy.

Table 4 Treatment complication after adjuvant radiation therapy

Type of treatment Incidence, n (%)

Conservative 18 (75.0)
Surgical

Single surgery 4 (16.7)
Multiple surgeries 2 (8.3)
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study, the local recurrence-specific relapse-free
survival rates were approximately 10% better in
patients receiving radiation therapy than in those
managed without radiation. Compared with our
data, adjuvant chemotherapy is associated with a
good prognosis.

The use of radiation therapy after surgery is on
the decline. However, it is often used as neoadjuvant
treatment. The neoadjuvant radiotherapy field in-
cludes the delineated area of rectal cancer; therefore,
the side effects were not unexpected. Syndikus et al.
showed that dose-escalated radiation in patients
with prostate cancer was associated with a statisti-
cally significant increased risk of various gastroin-
testinal adverse events.16 Similarly, Birgisson et al.
showed that small bowel obstruction was more
common in patients with rectal cancer treated with
preoperative radiation therapy.17

Adjuvant radiation therapy was associated with
various complications, characterized by impaired
resolution and late onset. Of note, some complica-
tions had an exceedingly late onset, not occurring
until 10 years after therapy. We conclude that careful
decisions should be made when considering adju-
vant radiotherapy for the treatment of these pa-
tients, especially in light of more favorable and
recently available chemotherapy regimens.
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