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ABSTRACT

BACKGROUND: This study was conducted to identify the factors associ-
ated with acute gastrointestinal (GI) toxicity during pelvic chemoradio-
therapy (PCRT) in patients with rectal cancer.

METHODS: We analyzed 177 patients with rectal cancer treated from
2007 through 2010. Clinical information, including weekly diarrhea and
proctitis toxicity grade during PCRT, was recorded. GI structures includ-
ing bowel and anal canal were contoured. The associations between
toxicity and clinical and dosimetric predictors were tested.

RESULTS: The median age was 60; 76 patients were women; 98 were
treated with intensity-modulated radiotherapy (IMRT) and 79 with 3D
conformal RT (3DCRT). A higher rate of grade 2� diarrhea was observed
in the women, starting at week 4 (24% women vs. 11% men, P � .01;
week 5: 33% vs. 12%, P � .002), as well as in all the patients treated with
3DCRT (22% vs. 12% IMRT, P � .03; week 5: 32% vs. 11%, P � .001). On
multivariate analysis, the normal tissue complication probability (NTCP)
model including bowel V45 (bowel volume receiving �45 Gy) showed
that being female, and use of 3DCRT, was most predictive of grade 2�

diarrhea (area under the curve [AUC] � 0.76; RS � 0.35; P � .001). A
higher rate of grade 2� proctitis was seen in patients �60 years of age
starting at week 3 (21% vs. 9%, P � .02; week 4: 35% vs. 16%, P � .003).
The NTCP model including anal canal V15 and younger age was most
predictive of grade 2� proctitis (AUC � 0.67; RS � 0.25; P � .001).

CONCLUSIONS: Women and all patients who were treated with 3DCRT
had higher rates of grade 2� diarrhea, and the younger patients had a
higher rate of grade 2� proctitis during PCRT. The use of more stringent
dosimetric constraints in higher risk patients is a strategy for minimizing
toxicity.
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Pelvic chemoradiotherapy (PCRT) is an
integral part of multidisciplinary care for

patients with locally advanced rectal can-
cer. The use of preoperative pelvic radio-
therapy with 5-fluorouracil (5-FU)-based
chemotherapy has been shown to improve
locoregional control in several randomized
trials.1–5 Acute gastrointestinal (GI) toxicity
during pelvic irradiation for rectal cancer is
common and has been reported in 30–
40% of patients who undergo RT with con-
current administration of 5-FU.6–8 Prior do-
simetric studies have demonstrated a
correlation between the volume of small
bowel exposed to at least 15 Gy and grade

3� diarrhea.9–12 Further studies have
shown that intensity-modulated radiation
therapy (IMRT) is effective in reducing
bowel dose and acute GI toxicity during
pelvic RT when compared with 3-dimen-
sional conformal radiotherapy (3DCRT).13

Although the results did not reach statisti-
cal significance, in a phase II trial con-
ducted by the Radiation Therapy Oncology
Group (RTOG 0822), IMRT-based chemo-
radiotherapy showed a reduction in grade
2� GI toxicity, compared with the results in
a prior trial in which 3DCRT was used.14

Nevertheless, there is a paucity of data
showing which patients are at the highest

risk of acute GI toxicity. IMRT treatment

planning is considerably more complex,

and it is therefore important for physicians

to select patients who would benefit most

from it, to reduce the risk of acute diarrhea

and proctitis based on clinical characteris-

tics. Moreover, with the use of IMRT for
pelvic RT, it is critical to define the dose
constraints that are associated with lower
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rates of GI toxicity using patient outcomes
data.

Identifying predictors for treatment-
related GI toxicity is important in reducing
complications. In this study, we investi-
gated predictors for clinically significant di-
arrhea and proctitis in patients with rectal
cancer who received concurrent RT and
chemotherapy. We tested the hypothesis
that on the basis of their clinical character-
istics, some patients have a higher proba-
bility of experiencing acute GI toxicity dur-
ing treatment and that each clinical
characteristic leads to a unique toxicity tra-
jectory during PCRT. We report potential
dosimetric constraints that can be used for
pelvic RT planning, to reduce treatment-
related acute complications in high-risk pa-
tients.

PATIENTS AND METHODS

Patients and radiation planning
and delivery
After obtaining a waiver of authorization
from the Institutional Review Board at Me-
morial Sloan-Kettering Cancer Center, we
retrospectively analyzed 177 consecutive
patients with rectal cancer treated with RT
with concurrent chemotherapy at our insti-
tution from 2007 through 2010. The pa-
tients’ clinical information and weekly
acute toxicity grades, describing fatigue,
dermatitis, mucositis, nausea, vomiting, di-
arrhea, proctitis, and cystitis, were obtained
through chart review. All toxicity was scored
according to the Common Terminology Cri-
teria for Adverse Events (CTCAE), version
3.0. The median age was 60 years. Seventy-
six patients (43%) were women. Table 1
provides an overview of the patients’ clini-
cal characteristics.

All patients underwent a pretreatment
computed tomography (CT) simulation in
the prone position with a full bladder and a
marker placed at the anal verge. The gross
tumor volume (GTV) consisted of the pri-
mary tumor and enlarged regional lymph
nodes in patients who underwent neoadju-
vant pelvic RT and the tumor bed for pa-
tients who underwent adjuvant pelvic RT.
For the standard pelvic fields, the clinical
target volume (CTV) consisted of the GTV
plus the rectum and lymph node regions,
including the mesorectum and the pre-
sacral, internal iliac, and inferior rectal

nodes.15 For T4 disease or anal canal in-
volvement, the external iliac and inguinal
nodal regions were included in the CTV.

The initial planning target volume (PTV)
was a 0.5-cm expansion of the CTV. For the
boost fields, CTV_boost consisted of the

Table 1 Patient characteristics

Patients (n) 177

Age at RT initiation (y)

Mean, median (range) 59, 60 (19�94)

Sex (n)

Female 76

Male 101

Clinical stage (n)

I 14

II 35

III 115

IV 13

Tumor state (n)

T0* 1

T1 5

T2 26

T3 125

T4 20

Node Stage (n)

N0 52

N1 92

N2 33

Metastasis stage M1 (n) 14

Tumor location (n)

Distal (0-5 cm from AV) 71

Mid (6-10 cm from AV) 80

Proximal (�10 cm from AV) 26

FOLFOX induction chemotherapy (n)

Yes 43

No 134

Chemoradiotherapy sequence (n)

Neoadjuvant 163

Adjuvant 14

Chemotherapy agent used (n)

5-FU 165

Capecitabine 12

Mode of radiation therapy (n)

IMRT 98

3DCRT 79

Radiation therapy dose (Gy)

Median, mean (range) 50, 50 (30–56)

*One patient had nodal recurrence without clinical evidence of recurrent primary tumor.
AV�anal verge.
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GTV, adjacent mesorectum, and presacral
space, and PTV_boost was a 0.5-cm ex-
pansion on the CTV_boost. Normal tissues
contoured at the time of RT planning in-
cluded the bladder, bowel, anal canal (anal
verge to anorectal ring), rectum (anorectal
ring to rectosigmoid flexure), femoral heads,
external genitalia, and, in female patients, the
vagina. The bowel contour included the small
bowel and sigmoid colon as individual loops,
excluding the rectum and anal canal, extend-
ing to 1 cm above the PTV.

The patients underwent either 3DCRT
or IMRT treatment planning with in-house
software, according to the treating physi-
cian’s preference. The median RT dose of
the study cohort was 50 Gy in 25 fractions,
and IMRT was the RT delivery method for
the majority of patients (55% IMRT vs.
45% 3DCRT). Coverage of the PTV by at
least 95% of the prescribed dose was re-
quired in all plans. The 3DCRT plans con-
sisted of 3 or 4 orthogonal beams for the
pelvic fields and 2 lateral beams and 1
posterior–anterior beam for the boost fields.
PTV was treated to 45 Gy in 1.8-Gy frac-
tions followed by a 5.4 Gy boost to the
PTV_boost volume. IMRT plans consisted
of 7 equally spaced coplanar fields. Dose
homogeneity was assessed to minimize vol-
ume receiving more than 5% of the pre-
scribed dose. The majority of patients
treated with IMRT received 45 Gy in 1.8-Gy
fractions to PTV and 50 Gy in 2-Gy fractions
to the PTV_boost as an integrated boost.

Chemotherapy
The majority of patients were treated with
neoadjuvant as opposed to adjuvant chemo-
therapy (92% vs. 8%, respectively). Concur-
rent chemotherapy, used in 93% of the pa-
tients, was continuous infusion of 5-FU (225
mg/m2 per day); 7% received concurrent
capecitabine (875 mg/m2 twice daily). Forty-
eight (27%) patients also received 2 to 4
cycles of induction chemotherapy consisting
of folinic acid, 5-FU, and oxaliplatin (FOL-
FOX) before neoadjuvant chemotherapy.

Statistical analysis
For overall GI toxicity during the course of
PCRT, univariate logistic regression analy-
ses were used to identify significant clinical
and dosimetric variables and to build pre-
dictive models associated with GI toxicities.
The dosimetric variables included the

bowel volume and anal canal volume re-
ceiving a specified dose in Gy (Table 2).
Variables with Spearman’s rank correlation
coefficient (RS) � 0.15 were further ana-
lyzed with multivariate logistic regression,
for normal tissue complication probability
(NTCP) modeling of incidences of diarrhea
and proctitis. The models most frequently
observed were chosen as NTCP models for
GI toxicities, by using leave-one-out cross
validation (LOOCV) in the model-selection
stage. The predictive models were evalu-
ated by using the receiver operating char-
acteristic (ROC) area under the curve
(AUC) and Spearman’s rank correlation co-
efficient metrics. In addition, the goodness
of fit of these models was evaluated by
comparing the predicted incidence of GI
toxicity, calculated from the predictive
models, with the actuarial incidence in the
cohort. To do so, the patients were binned
according to the predicted probability of
toxicity, with an equal number of patients at
each bin. Fisher’s exact test was used to
analyze the effect of clinical factors on
weekly grade 2� toxicity scores. Statistical
significance was defined by P � .05.

RESULTS

Diarrhea
During the course of PCRT, grade 2� and
3� diarrhea was recorded in 44 (25%) and
8 (5%) patients, respectively. The clinical
variables of female sex (RS � 0.28; P �

.001) and the use of 3DCRT (RS � 0.27;
P � .001) correlated significantly with
grade 2� diarrhea on univariate analysis,
whereas age, stage at initial presentation,
tumor location (distal, mid, or proximal),
type of chemotherapy, sequence of RT
(neoadjuvant vs. adjuvant), and induction
chemotherapy status did not predict clini-
cally significant diarrhea. The incidence of
grade 2� diarrhea did not differ signifi-
cantly between the patients who received
induction chemotherapy and those who did
not (30% vs. 22%, P � .082). Based on
the analysis of dosimetric variables, bowel
volume receiving 45 Gy (V45) correlated
most significantly with grade 2� diarrhea
(RS � 0.31; P � �0.001), followed by V40
(Rs � 0.24, P � .005). Table 2 shows the
dosimetric parameters used in assessing
significant correlation with grade 2� diar-
rhea.

On multivariate regression analysis
combining dosimetric and clinical vari-
ables, the NTCP model combining bowel
V45, being female, and the use of 3DCRT
was found to be highly predictive of acute
grade 2� diarrhea (AUC � 0.76;
RS � 0.35; P � .001). The optimal NTCP
modeling for diarrhea was as follows:

NTCP �
1

1 � exp ��Y�

where Y � (1.24 � bowel V45) � (1.42 �

RT type) � (1.21 � gender) � 0.31. The
coding values applied were female � 1,
male � 0, 3DCRT � 1, and IMRT � 2.

A comparison of the predicted inci-
dence of grade 2� toxicity, determined
according to the above NTCP model, and
the actual incidence of grade 2� toxicity in
our study population is shown in Figure 1.
The patients were binned into 6 categories,

Table 2 Correlation between bowel and
anal canal dosimetric parameters and
Grade 2� GI symptoms

Parameters RS P

Bowel: grade
2� diarrhea

V10 0.099 0.243

V15 0.086 0.312

V20 0.097 0.255

V25 0.140 0.097

V30 0.182 0.031

V35 0.203 0.016

V40 0.238 0.004

V45 0.318* �0.001

V50 0.195 0.021

Anal Canal: grade
2� proctitis

V10 0.151 0.073

V15 0.169* 0.041

V20 0.161 0.055

V25 0.167 0.048

V30 0.163 0.065

V35 0.150 0.076

V40 0.146 0.064

V45 0.109 0.197

V50 0.027 0.754

The values in bold represent statistically signif-
icant results.
*The finding with the highest correlation.
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based on the predicted and actual toxici-
ties, with 1 being the lowest toxicity group
and 6 being the highest. Good correlation
was shown between the NCTP model using
V45 and actual toxicity. Patients with a V45
of �3% had no grade 2� diarrhea while
those with a V45 of 35% or higher had a

�50% risk of grade 2� diarrhea. The risk
of grade 2� diarrhea was significantly in-
creased in patients with a V45 of �9%,
from an incidence of �10% (groups 1–3)
to �20% (groups 4–6).

Dose–volume analysis showed that the
women consistently had a significantly

larger volume of bowel receiving low- and
high-dose irradiation (10–45 Gy) com-
pared with that of the men receiving the
same dose range. Patients treated with
IMRT had significantly less bowel volume
that received �45 Gy than those receiving
3DCRT (10.9% vs. 21.7%), resulting in a
50% reduction in mean V45 (P � .001)
and V50 (2.7% vs. 6.4%; P � .02). Table 3
shows the differences in bowel dose–volume
parameters between women and men, and
between all patients who underwent IMRT
and 3DCRT in the study population.

A comparison of irradiated bowel volume
between women who underwent 3DCRT and
women who underwent IMRT was per-
formed. Although no significant difference
was observed between the 2 groups in the
range of V10–V30, there were statistically
significant reductions in patients with mean
bowel volumes receiving greater than 35 Gy
(V35–V50) (Table 3). Of note, while signifi-
cantly higher mean bowel volume receiving
lower dose RT (V10–V35 Gy) was observed
in men who were treated with IMRT, IMRT
did not provide significant reduction in high
dose bowel volume (V35–V50).

Based on weekly toxicity assessments,
a significantly higher rate of grade 2�

diarrhea was observed in women than in
men during weeks 4 and 5 of pelvic RT
(week 4: 24.2% women vs. 10.8% men,
P � .01; week 5: 33.3% vs. 12.2%, P �

.002), as well as in all patients treated
with 3DCRT vs. IMRT (week 4: 22.2% vs.
11.5%, P � .03; week 5: 32.3% vs.
10.8%, P � .001). Table 4 details the
weekly rates of reported grade 2� diarrhea
separated by clinical variables.

Proctitis
Grade 2� proctitis was seen in 57 (32%)
patients. No patient experienced grade
3� proctitis. On univariate analysis, the
only clinical variable that significantly cor-
related with grade 2� proctitis was age
(RS � �0.22; P � .009). Although
younger patients are at a higher risk of
clinically significant proctitis, other clini-
cal factors did not predict proctitis on
univariate analysis. Among the tested do-
simetric variables, the volume of anal ca-
nal receiving 15 Gy (V15) correlated sig-
nificantly with grade 2� proctitis (RS �

0.17; P � .04), followed by V25 (RS �

Figure 1. Comparison between the incidences of predicted grade 2� toxicity according to the NTCP model and
the actual incidence of grade 2� toxicity experienced by the study population for diarrhea (A) and proctitis (B).
The patients were binned into 6 categories on the basis of predicted toxicity and actual toxicity, with 1 being the
lowest toxicity group and 6 being the highest. The ratio above each category in the figure represents the
observed number of patients who experienced grade 2� toxicity and the total number of patients.
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0.17; P � .05). These results signify that
clinically significant proctitis may be a
low-dose effect.

On multivariate regression analysis
combining dosimetric and clinical vari-
ables, the NTCP model including anal
canal V15 Gy and age was most predic-
tive of acute grade 2� proctitis (AUC �

0.67; RS � 0.25; P � .001) in our pa-
tients. The optimal NCTP model for proc-
titis is as follows:

NTCP �
1

1 � exp ��Y�

with Y � (1.2 � anal canal V15) � (0.03 �

age) � 0.13.

In dose–volume analysis, no difference in
the volume of anal canal receiving low- and
high-dose RT (V10–V50) was found between
patients �60 years of age and those �60.
However, based on weekly toxicity assess-
ments, starting at week 3, patients �60 had a
significantly higher rate of grade 2� proctitis
than did those �60, (21.1% vs. 8.5%; P � .02;
Table 4). Figure 2 shows the dose–volume
and weekly reported proctitis comparisons
between patients �60 and those �60.

DISCUSSION

Although pelvic RT with concurrent chemo-
therapy is an integral part of disease man-
agement for patients with locally advanced
rectal cancer, clinically significant acute
gastrointestinal toxicities, such as diarrhea
and proctitis, are common. In prior studies,
researchers have looked at the dose–
volume relationship of irradiated bowel and
GI toxicity9,10,13,16,17; however, the need to
identify high-risk clinical characteristics as-
sociated with acute GI side effects during
PCRT persists. In this study, we investi-
gated clinical and dosimetric variables in-
dividually and simultaneously using NTCP
modeling to determine the clinical and do-
simetric factors that are most predictive for
GI toxicity.

Diarrhea
Grade 2� diarrhea occurred in 25% of our
patients, and it correlated significantly with
the use of 3DCRT, female sex, and bowel
volume receiving �45 Gy (V45). In recent
studies, Robertson et al10 reported 17%
grade 2 and 21% grade 3 diarrhea during
PCRT for rectal cancer in 152 patients, and
Samuelian et al13 reported 40% grade 2�

diarrhea in 96 patients. It is possible to
attribute the higher incidence of grade 3�

diarrhea found by Robertson et al to the
3DRT treatment of the majority (94%) of
the patients. Our results showed a reduc-
tion in clinically significant diarrhea in those
treated with IMRT (10.8% IMRT vs. 32.3%
3DCRT). In RTOG 0822, the use of IMRT
showed a reduction in acute grade 2� tox-
icity compared with the use of 3DCRT in
RTOG 0247 (51% IMRT vs. 58% 3DCRT;
P � .31).14 Although it did not reach sta-
tistical significance, a benefit was ob-
served. Furthermore, oxaliplatin was used
along with capecitabine in RTOG 0822 dur-

Table 3 Mean bowel dose–volume parameters

Volume Receiving
Specified Dose 3DCRT IMRT P

V10 70.2% 79.4% 0.003

V20 47.0% 62.6% �0.001

V30 31.1% 38.6% 0.016

V35 27.8% 31.0% 0.259

V40 25.4% 23.9% 0.555

V45 21.7% 10.9% �0.001

V50 6.4% 2.7% 0.021

Women Men P

V10 82.0% 70.5% �0.001

V20 64.1% 49.6% �0.001

V30 42.7% 30.0% �0.001

V35 36.4% 24.6% �0.001

V40 30.8% 20.0% �0.001

V45 20.2% 12.3% 0.001

V50 6.0% 3.1% 0.073

Women Treated
With 3DCRT

Women Treated
With IMRT P

V10 81.5% 82.4% 0.832

V20 62.4% 65.3% 0.548

V30 43.5% 42.1% 0.783

V35 39.3% 34.4% 0.290

V40 36.5% 26.8% 0.025

V45 31.6% 12.4% �0.001

V50 9.6% 3.4% 0.041

Men Treated
With 3DCRT

Men Treated
With IMRT P

V10 62.9% 76.9% �0.001

V20 37.1% 60.3% �0.001

V30 23.2% 35.7% �0.001

V35 20.3% 28.1% 0.019

V40 18.3% 21.4% 0.310

V45 15.4% 9.7% 0.229

V50 4.3% 2.0% 0.170

The values in bold represent statistically significant results.
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ing pelvic RT, which can explain the ele-
vated GI toxicity rate.

The association between IMRT and
lower GI toxicity was also shown by Samu-
elian et al.13 Similar to our findings, they
reported a 25% reduction in grade 2� di-
arrhea in patients treated with IMRT. Given
that acute diarrhea has been correlated
with the volume of small bowel receiving
�15 Gy,9,11,17 the authors stated that the
clinical improvement in diarrhea observed
with IMRT is a function of dose reduction in
the 15–40-Gy dose range. Our results dif-
fered from these prior studies and suggest
that clinically significant diarrhea is most
likely due to a high-dose effect, with V45 as
the most significant predictor of grade 2�

diarrhea. Given that IMRT achieves target
conformity with multiple coplanar beams, it
often causes a larger volume of normal tis-
sue to be exposed to lower dose RT and
simultaneously reducing the volume of nor-
mal tissue exposed to high dose RT, com-
pared with that exposed in 3DCRT. In rectal
cancer, an approximately 33% reduction in
bowel V40 has been reported with the use
of IMRT.18 In this study, we found a relative
reduction of 50% in bowel V45 with IMRT
compared with 3DCRT. Furthermore, we

showed that a significantly larger bowel vol-
ume received lower dose RT (V10–V30)
with IMRT (Table 3). This finding indicates
that acute diarrhea during pelvic RT may
not be a low-dose effect, but a high-dose
effect similar to that shown in patients un-
dergoing pelvic RT for cervical19,20 or anal21

cancer. Although we reported bowel V45 to
be the most predictive of grade 2� diar-
rhea in our patients, statistically significant
correlations between the dose–volume pa-
rameter and acute toxicity were observed
between V30 and V50. Radiation-induced
diarrhea is a multifactorial event and has
been linked to small-bowel bacterial over-
growth, malabsorption, and changes in mo-
tility.14 Data on the dose effect in these
physiologic changes are scarce. Both pre-
clinical and clinical work is needed to better
delineate the biologic process after radia-
tion exposure.

It is important to consider how the bowel
structure was contoured when comparing
results of studies of the dose–volume rela-
tionship to toxicity, as was recently indi-
cated by Kavanagh et al.22 In our study, of
the large bowel loops, only the sigmoid co-
lon was contoured; therefore, most of the
bowel structure was composed of small

bowel loops. Although we did not make a

distinction between the small bowel and

sigmoid colon, investigators in prior studies
looked at the dose–volume effect on the
small bowel,9,11,17 which may have caused
the difference in results. Nevertheless, we
speculate that IMRT would result in a larger
volume of bowel receiving lower dose RT
for the reasons described earlier, regard-
less of whether the structure is defined by
small bowel loops only or is a combination
of both small and large bowel loops.

Besides the use of 3DCRT, we also
found that the women were at higher risk of
developing clinically significant diarrhea
than were the men. Because of the wider
pelvic inlet, women tend to have a larger
volume of bowel in the pelvis. A larger irra-
diated bowel volume in the women than in
the men was seen throughout the entire RT
dose spectrum (Table 3). We did not find
other clinical characteristics predictive of
grade 2� diarrhea. We included 43 (25%)
patients who received FOLFOX induction
chemotherapy before chemoradiation; nev-
ertheless, no higher incidence of grade 2�

toxicity was found in those patients. Al-
though pelvic RT in the adjuvant setting
has been associated with higher GI toxic-
ity,23 we did not find RT sequence to be a
predictor of acute toxicity. However, be-
cause only 8% of our patients received pel-
vic RT in the adjuvant setting, the analysis
may be underpowered.

In addition to investigating the predic-
tors of maximum grade 2� toxicity, we
studied the trajectory of clinically significant
diarrhea during PCRT. In women and in
all patients treated with 3DCRT, grade 2�

diarrhea started at week 1, whereas in the
men and in all patients treated with IMRT,
diarrhea started at week 2. No significant
difference in the rate of grade 2� diarrhea
between women vs. men and between all
patients treated with 3DCRT vs. IMRT was
found until week 4. This result supports
that clinically significant diarrhea is a high-
dose RT effect, as the adverse conse-
quence of larger irradiated bowel volume in
women and the benefit of high-dose bowel
volume sparing of IMRT was not observed
until later in the PCRT course.

Our results showed that bowel V45
�3% resulted in no incidence grade 2�

diarrhea, and V45 �27% correlated with
�20% risk in grade 2� diarrhea in our

Table 4 Weekly toxicities

Grade 2� diarrhea Women Men P

Week 1 1.4% 0% 0.437

Week 2 7.4% 2.3% 0.100

Week 3 15.7% 8.6% 0.074

Week 4 24.2% 10.8% 0.014

Week 5 33.3% 12.2% 0.002

Grade 2� diarrhea 3DCRT IMRT P

Week 1 1.4% 0% 0.437

Week 2 5.6% 3.5% 0.250

Week 3 14.5% 9.2% 0.113

Week 4 22.2% 11.5% 0.034

Week 5 32.3% 10.8% 0.001

Grade 2� proctitis Age <60 Age >60 P

Week 1 3.4% 0% 0.144

Week 2 10.0% 4.0% 0.087

Week 3 21.1% 8.5% 0.015

Week 4 34.9% 15.8% 0.003

Week 5 38.2% 23.4% 0.025

The values in bold represent the statistically significant results.
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patients (Figure 1). These dose constraints
can be considered in RT treatment plan-
ning, but it is important to recognize that
the dose–volume relationship in this study
is specific to our definition of bowel. It is
also important to validate this dose con-
straint in other populations undergoing pel-
vic RT, including those with other pelvic
malignancies, such as anal cancer; valida-
tion studies are under way at our institution.
Furthermore, our data suggest that to re-
duce GI toxicity, IMRT should be consid-
ered in women undergoing PCRT for rectal

cancer in both neoadjuvant and adjuvant
settings.

Proctitis
Grade 2� proctitis occurred in 32% of our
patients, and it significantly correlated with
younger age and anal canal volume receiv-
ing �15 Gy (V15). There are limited data in
the rectal cancer literature on the incidence
and clinical predictors of chemoradiation-
induced acute proctitis. Sameulian et al13

reported 15% grade 2� proctitis in patients
undergoing RT for rectal cancer, with no

significant difference in incidence between

the patients treated with IMRT or 3DCRT.

We also did not find RT technique to be a
significant predictor for clinically significant
proctitis. In a study examining patient-re-
ported outcomes, Chen et al12 described
frequent or very frequent pain in 36%,
urgency in 41%, tenesmus in 31%, and
mucus discharge in 23% of patients. How-
ever, it is unclear how the patient-reported
outcomes correlated with CTCEA grading.
No clinical predictor of the reported toxici-
ties was described. In our study, age was
the only clinical characteristic found to be
associated with grade 2� proctitis. In pa-
tients younger than the median age, clini-
cally significant proctitis was observed in
38.2% of the patients vs. 23.4% in patients
�60 years of age.

Although rectal dose constraints are
used in the treatment of prostate can-
cer,24,25 in the setting of rectal cancer
PCRT, a rectal dose constraint is not usu-
ally clinically achievable. As in patients with
anal cancer, those treated for rectal cancer
with PCRT can experience symptoms of
anorectal pain, rectal urgency, and tenes-
mus, which are coded as proctitis in
CTCAE and may be due, in part, to anal
canal inflammation. As the anal canal can
be outside the clinical target, we tested
dosimetric variables associated with grade
2� proctitis and found that anal canal V15
was most predictive of toxicity, followed by
V25. A trend toward statistical significance
was also seen in V10, V20, V30, V35, and
V40 (Table 2), indicating that, when anal
canal dose–volume parameters are used,
clinically significant proctitis occurs at a
lower RT dose.

Although a higher incidence of grade 2�

proctitis was observed in patients �60 years
of age, there were no significant differences
in anal canal dose–volume parameters be-
tween the younger and older patients. This
result suggests that there was no dose effect
in the development of proctitis with regard to
age, unlike the effect of RT technique and the
sex of the patient and their associations with
clinically significant diarrhea. A possible ex-
planation for younger patients’ experiencing
higher incidence of grade 2� proctitis is that
they are more likely to report this subjective
symptom or that there may be some differ-
ence in RT-induced inflammatory response
in the younger patients. With these results, it

Figure 2. Anal canal dose–volume (A) and weekly proctitis toxicity (B) comparison between patients �60 years
of age and those �60.

Acute GI Toxicity During Pelvic CRT

September–December 2013 www.myGCRonline.org 135



is theoretically feasible to consider a dose
constraint for the anal canal in younger pa-
tients in an attempt to reduce proctitis symp-
toms. However, given that proctitis is a low-
dose RT effect in the anal canal, it has to be
considered extremely carefully, on an individ-
ual-by-individual basis, as clinical target vol-
ume and tumor control cannot be compro-
mised, especially in patients with low-lying
rectal cancer. Furthermore, this dose con-
straint should be validated before clinical im-
plementation, as anal canal dose constraint
has not been routinely used.

A limitation to the current study is that
we did not incorporate patient-reported
outcomes. Although most studies to date
used clinician-reported toxicities, Flores et
al26 suggested that there are discrepancies
between clinically recorded and patient-
reported toxicities, especially proctitis, in
patients undergoing PCRT for rectal can-
cer. They showed that while diarrhea scor-
ing showed moderate agreement between
physicians and patients, proctitis scoring
showed only slight agreement, with patients
reporting incidences of proctitis signifi-
cantly higher than clinicians. Correlating
dose–volume constraint directly with pa-
tient-reported outcome is important in val-
idating its accuracy. We plan to study the
application of this correlation prospectively.

In conclusion, grade 2� diarrhea and
proctitis are common side effects among
patients undergoing pelvic RT with 5FU-
based chemotherapy for locally advanced
rectal cancer. Our study demonstrated that
women were at higher risk for grade 2�

diarrhea and that IMRT reduced the risk of
grade 2� diarrhea. A dose constraint on
the bowel using V45 should be considered
for patients undergoing pelvic RT for rectal
cancer, and IMRT planning should be con-
sidered in women, particularly in those with
more small bowel evident in the pelvis on
pretreatment imaging. Prospective data
that incorporate patient-reported outcomes
are necessary to validate these findings.
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