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abstract

Clinical trials frequently include multiple end points that mature at different times. The initial report, typically
based on the primary end point, may be published when key planned coprimary or secondary analyses are not
yet available. Clinical Trial Updates provide an opportunity to disseminate additional results from studies,
published in JCO or elsewhere, for which the primary end point has already been reported.

The purpose of this update was to determine differences in patient-reported chronic toxicity and disease out-
comes with intensity-modulated radiation therapy (IMRT) compared with conventional pelvic radiation. Patients
with cervical and endometrial cancers who received postoperative pelvic radiation were randomly assigned to
conventional radiation therapy (CRT) or IMRT. Toxicity and quality of life were assessed using Patient-Reported
Outcomes version of the Common Terminology Criteria for Adverse Events, Expanded Prostate Cancer Index
Composite (EPIC) bowel and urinary domains, and Functional Assessment of Cancer Therapy–General. Between
2012 and 2015, 279 eligible patients were enrolled to the study with a median follow-up of 37.8 months. There
were no differences in overall survival (P5 .53), disease-free survival (P5 .21), or locoregional failure (P5 .81).
One year after RT, patients in the CRT arm experiencedmore high-level diarrhea frequency (5.8% IMRT v 15.1%
CRT, P5 .042) and a greater number had to take antidiarrheal medication two or more times a day (1.2% IMRT v
8.6%CRT, P5 .036). At 3 years, women in the CRT arm reported a decline in urinary function, whereas the IMRT
arm continued to improve (mean change in EPIC urinary score 5 0.5, standard deviation 5 13.0, IMRT v –6.0,
standard deviation5 14.3, CRT, P5 .005). In conclusion, IMRT reduces patient-reported chronic GI and urinary
toxicity with no difference in treatment efficacy at 3 years.

J Clin Oncol 40:3115-3119. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Postoperative radiotherapy (RT) has been shown to re-
duce locoregional recurrences in both cervical1,2 and
endometrial cancers.3,4 Unfortunately, RT in this setting
leads to significant morbidity. We previously reported the
initial results of the first large, multicenter randomized trial
comparing the impact of pelvic intensity-modulated ra-
diation therapy (IMRT) and conventional radiation therapy
(CRT) on acute patient-reported toxicity, demonstrating
that IMRT resulted in significantly reduced acute GI and
urinary toxicity.5 Now, with a 3-year follow-up, we report
results on chronic toxicity and treatment efficacy.

METHODS

Study Design

NRG Oncology’s RTOG 1203 trial was a phase III
multicenter randomized controlled trial. Patients with
cervical or endometrial cancer with indications for

postoperative pelvic RT were eligible for inclusion and
randomly assigned 1:1 to either CRT or IMRT. Radiation
dose (45 Gy or 50.4 Gy) and administration of concurrent
once weekly cisplatin 40 mg/m2 were determined by the
treating physician. The primary end point was acute GI
toxicity at week 5 of RTmeasured with the bowel domain
of the Expanded Prostate Cancer Index Composite
(EPIC) patient-reported outcome (PRO) instrument.
Secondary end points included disease outcomes and
chronic toxicity. The details of inclusion criteria, radiation
treatment planning, and PRO assessments have been
discussed in previous reports.6,7

Assessments

Patients completed the EPIC,8 the Patient-Reported
Outcomes version of the Common Terminology Criteria
for Adverse Events (PRO-CTCAE),9 the Functional
Assessment of Cancer Therapy instrument with cervix
subscale,10 and EuroQOL’s EQ-5D at the following time
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points: baseline, week 3 of RT (only EPIC), week 5 of RT, 4-
6 weeks after RT, 1 year after RT, and 3 years after RT.
Further details on these instruments can be found in
previous reports.5 Validation of EPIC in this patient pop-
ulation has been reported separately.11 Physicians reported
toxicity using CTCAE, version 4.0.

Statistics

Between-group comparisons for categorical and continu-
ous variables were performed using chi-square tests and

two-sided t-tests, respectively. Mixed-effects models were
used to assess longitudinal change while incorporating
stratification factors, patient characteristics, treatment
arm, and treatment by time interaction. Overall survival
(OS), disease-free survival (DFS), and locoregional failure
(LRF) were measured from the date of random assignment
to the date of death because of any cause, date of pro-
gression or death because of any cause, and date of LRF,
respectively. Patients without events were censored at their
last known follow-up time. Death without experiencing LRF
was treated as a competing risk. OS and DFS were esti-
mated using the Kaplan-Meier method12 and compared
between arms using the log-rank test. The cumulative
incidence approach was used to estimate failure rates for
LRF with Gray’s test to compare between arms.13,14 Cox
proportional hazards models were used to obtain hazard
ratios.

RESULTS

Of the 289 randomly assigned patients, 10 were found to be
ineligible, leaving 279 eligible patients (Appendix Fig A1,
online only). The median follow-up for the 279 eligible
patients was 37.8 months (range, 0.33-66.18 months).
Patient characteristics were well balanced between arms
(Table 1).

Treatment Efficacy

There were no differences between arms in any measured
treatment efficacy end point (Appendix Fig A2, online only).
The 3-year OS rates were 92.4% (95% CI, 87.7 to 97.2) in
the IMRT arm versus 97.0% (95% CI, 94.1 to 99.9) in the
CRT arm. The 3-year DFS rates were 85.5% (79.2 to 91.9)
in the IMRT arm versus 80.8% (74.2 to 87.3) in the CRT
arm. The 3-year LRF rates were 3.5% (95% CI, 1.1 to 8.1)
in the IMRT arm versus 2.2% (95% CI, 0.6 to 5.7) in the
CRT arm.

Patient-Reported GI Toxicity

The EPIC questionnaire was completed by 97.1% of pa-
tients at baseline, 88.9% at week 3 of RT, 86.7% at week 5
of RT, 85.6% at 4-6 weeks after RT, 77.1% at 1 year, and
55.1% at 3 years. There was no difference in mean change
in EPIC bowel summary score at 1 and 3 years between
arms, and both arms showed a clear improvement from
week 5 of RT to 1 and 3 years (Fig 1A and Appendix
Fig A3A, online only). Longitudinal modeling showed
that IMRT had a significant effect on EPIC bowel score over
time compared with CRT (estimate 5 -3.14, SE 5 1.38,
P 5 .023; Appendix Table A1, online only).

The PRO-CTCAE questionnaire was completed within the
timeframe by 95.8% of patients at baseline, 85.5% at week
5 of RT, 84.1% at 4-6 weeks after RT, 77.9% at 1 year, and
55.6% at 3 years. At 1 year after RT, fewer patients in the
IMRT arm reported taking an antidiarrheal two or more
times daily (1.2% IMRT v 8.6% CRT, P 5 .036) and di-
arrhea frequently or almost constantly (5.75% IMRT v

TABLE 1. Patient Characteristics
Patient Characteristic IMRT (n 5 130) CRT (n 5 149) P a

Age, years

Median 62 61 .40b

Min-max 28-82 29-83

Race, No. (%)

Black or African American 14 (10.8) 12 (8.1) NA

White 96 (73.8) 114 (76.5)

Others or unknown 8 (6.2) 6 (4.0)

Ethnicity, No. (%)

Hispanic or Latino 7 (5.4) 15 (10.1) NA

Not Hispanic or Latino 120 (92.3) 133 (89.3)

Unknown 3 (2.3) 1 (0.7)

Zubrod, No. (%)

0 101 (77.7) 103 (69.1) NA

1 28 (21.5) 42 (28.2)

2 1 (0.8) 4 (2.7)

Surgical resection, No. (%)

TAH 55 (42.3) 72 (48.3) NA

Vaginal hysterectomy 4 (3.1) 3 (2.0)

Radical hysterectomy 28 (21.5) 27 (18.1)

Laparoscopic-assisted
vaginal hysterectomy

43 (33.1) 47 (31.5)

RT dose,c No. (%)

45 Gy 77 (59.2) 84 (56.4) .63

50.4 Gy 53 (40.8) 65 (43.6)

Disease site,c No. (%)

Endometrium 109 (83.8) 125 (83.9) .99

Cervix 21 (16.2) 24 (16.1)

Chemotherapy,c No. (%)

No chemotherapy 96 (73.8) 112 (75.2) .80

5 cycles of once weekly cisplatin
at 40 mg/m2

34 (26.2) 37 (24.8)

Abbreviations: CRT, conventional radiation therapy; IMRT, intensity-modulated
radiation therapy; NA, chi-square not valid because of small expected cell count;
RT, radiation therapy; TAH, total abdominal hysterectomy.

aP value from the chi-square test.
bP value from the two-sided t-test.
cStratification factor.
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15.05% CRT, P5 .042) compared with patients in the CRT
arm (Fig 2A). This difference resolved at 3 years (Fig 2B).
There were no significant differences between arms in
regard to fecal incontinence or abdominal pain at 1 or
3 years (Appendix Table A2, online only).

Patient-Reported Urinary Toxicity

Both arms showed a clear improvement in the mean change
in EPIC urinary summary score from week 5 of RT to 1 year
(Fig 1B). At 1 year after RT, there was no difference in the
mean change in EPIC urinary score between arms (P5 .96),
but the improvement in the IMRT arm at 3 years was sig-
nificant (P 5 .005). Longitudinal modeling showed a sig-
nificant interaction between treatment and time (Appendix
Table A3, online only). At 3 years, the CRT arm showed
increased worsening compared with 1 year, signifying a

decline in urinary function with further follow-up, whereas
the IMRT arm continued to show improvement from 1 year to
3 years (Fig 1B and Appendix Fig A3B, online only).

Physician-Reported Toxicity

There was no late grade 21 urinary toxicity reported in either
arm. There was no difference in late grade 21 GI toxicity
between arms: 11.2% in the IMRT arm versus 11.8% in the
CRT arm. There were no grade 5 toxicities reported, only one
grade 4 toxicity, and other reproductive system and breast
disorders, related to treatment reported in the CRT arm.

Quality of Life

At 1 and 3 years, there was no significant difference in change
from baseline in Functional Assessment of Cancer Therapy–
General total score (Appendix Fig A3C, online only).
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FIG 1. EPIC assessment of GI toxicity depicting changes in EPIC (A) bowel and (B) urinary summary scores between baseline and subsequent time points.
Greater negative numbers reflect an increase in worsening of symptoms from baseline. Error bars represent 95% CIs. P values not listed are. .05. CRT,
conventional radiation therapy; EPIC, Expanded Prostate Cancer Index Composite; IMRT, intensity-modulated radiation therapy; RT, radiation therapy.

B

0

5

10

15

20

Anti
diarrheal
2+ Times

Daily

Diarrhea
Frequency

Fecal
Incontinence
Frequency

Fecal
Incontinence
Interference

Abdominal
Pain

Severity

Abdominal
Pain

Interference

Hi
gh

-G
ra

de
 G

I
To

xi
ci

ty
 a

t 3
 Y

ea
rs

 P
os

t-R
T 

(%
)

IMRT CRT

A

0

5

10

15

20

Anti
diarrheal
2+ Times

Daily

Diarrhea
Frequency

Fecal
Incontinence
Frequency

Fecal
Incontinence
Interference

Abdominal
Pain

Severity

Abdominal
Pain

Interference

Hi
gh

-G
ra

de
 G

I
To

xi
ci

ty
 a

t 1
 Y

ea
r P

os
t-R

T 
(%

)

Adverse Event Adverse Event

IMRT CRT

P = .036

P = .042

FIG 2. PRO-CTCAE assessment of high-grade (score 31) GI toxicity at (A) 1 year and (B) 3 years after RT. A PRO-CTCAE score of 3 or 4 represents an
adverse event frequency of frequently or almost constantly, severity of severe or very severe, or interference with usual or daily activities of quite a bit or very
much. P values not listed are . .05. CRT, conventional radiation therapy; IMRT, intensity-modulated radiation therapy; PRO-CTCAE, Patient-Reported
Outcomes version of the Common Terminology Criteria for Adverse Events; RT, radiation therapy.

Journal of Clinical Oncology 3117

Chronic Toxicity After Pelvic RT With IMRT Versus Conventional RT



Longitudinal modeling showed a significant interaction be-
tween treatment and time (Appendix Table A4, online only).

DISCUSSION

It is well known that pelvic RT results in lasting GI and
urinary toxicity.15 One way to mitigate the late toxicity of
pelvic EBRT is to use IMRT. Multiple retrospective reviews
have shown a reduction of physician-reported late toxicity
with IMRT.16-19 However, few prospective, randomized
trials have been performed directly comparing pelvic IMRT
with CRT.20-22 Most recently, the PARCER trial, an Indian
phase III trial comparing IMRT versus CRT in the adjuvant
treatment of cervical cancer, demonstrated a reduction in
3-year grade 21 chronic GI toxicity in the IMRT arm
(21.1% v 42.2%, P , .001) and no difference in DFS.23 In
comparison, to our knowledge, the current study is the first
large, multicenter phase III trial comparing pelvic IMRT and
CRT using PROs to evaluate toxicity from the patients’
perspective. Although the PARCER trial demonstrated a
reduction in physician-reported toxicity, the current study
did not, but did, reveal a reduction in patient-reported
toxicity. We believe that this is due to increased overall

toxicity in the PARCER trial given that about 75% of patients
received concurrent chemotherapy, compared with only
25% in the current study.

Several potential limitations to this study exist. Recurrences
may still occur after 2-3 years, which might not have been
captured in these data with a median follow-up of about
3 years.24,25 Compliance in completing PRO forms de-
creased as the time since treatment increased, making long-
term comparisons between arms less robust. Multiple testing
was performed without multiplicity adjustment as these were
secondary end points. Some results, such as those regarding
antidiarrheals and frequency of diarrhea, might not have
reached significance under type I error adjustment.

In conclusion, IMRT results in reduced patient-reported
chronic diarrhea and urinary toxicity compared with CRT,
with no difference in disease outcomes at 3 years. Clinical
practice has shifted such that IMRT is now commonly used
to treat womenwith cervical or endometrial cancer receiving
postoperative pelvic RT. The updated results of this trial fully
support its continuous use in this setting and suggest that
IMRT should now be considered the standard of care.
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APPENDIX

TABLE A1. EPIC Bowel Score Mixed-Effects Model
Variable Estimate SE P

Baseline bowel score 0.64 0.06 , .001

Race (White) 7.68 1.65 , .001

Zubrod (1-2) –3.00 1.56 .056

Treatment arm (IMRT) –3.14 1.38 .023

Time point (3 years post-RT) , .001

3 weeks from the start of RT –14.82 1.45 , .001

5 weeks from the start of RT –19.48 1.54 , .001

4-6 weeks post-RT –1.66 1.27 .19

1 year post-RT 0.83 1.18 .48

NOTE. Outcome variable: EPIC bowel scores at 3 weeks from the
start of RT, 5 weeks from the start of RT, 4-6 weeks post-RT, and 1 and
3 years post-RT. Reference levels are in parentheses for binary
variables. Global F-tests are provided for variables with more than two
categories. All other P values are from t-tests. Covariates considered
that fell out of model because of P . .10 are as follows: age, disease
site, radiation dose, chemotherapy, and interaction between treatment
and time.

Abbreviations: EPIC, Expanded Prostate cancer Index Composite;
IMRT, intensity-modulated RT; RT, radiation therapy.

TABLE A2. PRO-CTCAE Assessment of High-Grade (score 31) GI Toxicity at 1 Year and 3 Years After RT

PRO-CTCAE Item

PRO-CTCAE Score 31

1 Year After RT 3 Years After RT

IMRT (%) CRT (%) P IMRT CRT P

Antidiarrheal 21 times daily 1.20 8.60 .036 5.20 6.10 .99

Diarrhea frequency 5.75 15.05 .042 6.90 6.06 .99

Fecal incontinence frequency 0.00 3.23 .25 3.45 1.52 .59

Fecal incontinence interference 1.15 1.08 .99 3.45 4.55 .99

Abdominal pain severity 2.30 7.53 .17 0.00 4.55 .24

Abdominal pain interference 1.15 4.30 .37 0.00 4.55 .25

NOTE. A PRO-CTCAE score of 3 or 4 represents an adverse event frequency of frequently or almost constantly, severity of severe or very severe,
or interference with usual or daily activities of quite a bit or very much. Bold indicates statistically significant P values.

Abbreviations: CRT, conventional radiation therapy; IMRT, intensity-modulated radiation therapy; PRO-CTCAE, Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse Events.
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TABLE A3. EPIC Urinary Score Mixed-Effects Model
Variable Estimate SE P

Baseline urinary score 0.74 0.04 , .001

Disease site (cervix) –3.45 1.77 .052

Chemotherapy (five cycles of once
weekly cisplatin at 40 mg/m2)

2.85 1.52 .061

Treatment arm (IMRT) –2.46 1.63 .13

Time point (3 years post-RT) , .001

3 weeks from the start of RT –2.76 1.73 .11

5 weeks from the start of RT –5.85 1.98 .0034

4-6 weeks post-RT –2.33 1.78 .19

1 year post-RT –2.18 1.42 .13

Time 3 treatment interaction
(3 years post-RT; IMRT)

.021

3 weeks from the start of RT 1.96 2.36 .41

5 weeks from the start of RT –0.37 2.70 .89

4-6 weeks post-RT 3.54 2.42 .14

1 year post-RT 4.90 1.94 .012

NOTE. Outcome variable: EPIC urinary score at 3 weeks from the start of RT,
5 weeks from the start of RT, 4-6 weeks post-RT, and 1 and 3 years post-RT.
Reference levels are in parentheses for binary variables. Global F-tests are provided
for variables with more than two categories. All other P values are from t-tests.
Covariates considered that fell out of model because of P. .10 are as follows: age,
Zubrod, radiation dose, and race.
Abbreviations: EPIC, Expanded Prostate cancer Index Composite; IMRT,

intensity-modulated RT; RT, radiation therapy.

TABLE A4. FACT-G Total Score Mixed-Effects Model
Variable Estimate SE P

Baseline FACT-G total score 0.69 0.05 , .001

Disease site (cervix) –3.59 2.04 .079

Chemotherapy (five cycles of once
weekly cisplatin at 40 mg/m2)

5.35 1.64 .0013

Treatment arm (IMRT) –5.39 2.30 .020

Time point (3 years post-RT) , .001

5 weeks from the start of RT –12.25 1.99 , .001

4-6 weeks post-RT –5.93 1.85 .0016

1 year post-RT –3.94 1.63 .016

Time 3 treatment interaction
(3 years post-RT; IMRT)

.0078

5 weeks from the start of RT 2.94 2.68 .27

4-6 weeks post-RT 5.41 2.49 .031

1 year post-RT 6.83 2.20 .0022

NOTE. Outcome variable: FACT-G total score at 5 weeks from the
start of RT, 4-6 weeks post-RT, and 1 and 3 years post-RT. Reference
levels are in parentheses for binary variables. Global F-tests are
provided for variables with more than two categories. All other P values
are from t-tests. Covariates considered that fell out of model because of
P . .10 are as follows: age, Zubrod, radiation dose, and race.
Abbreviations: EPIC, Expanded Prostate cancer Index Composite;

FACT-G, Functional Assessment of Cancer Therapy–General; IMRT,
intensity-modulated RT; RT, radiation therapy.
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Randomly assigned (N = 289) 

Excluded                                 (n = 3)
Inclusion criteria not met       (n = 3)  

Baseline 
EPIC completed at baseline                                (n = 127)
EPIC not completed                                                 (n = 3)

3 weeks from the start of RT 
    EPIC completed                                                  (n = 114)
    EPIC not completed, patient noncompliant       (n = 13)
    EPIC not completed, consent withdrawn             (n = 3)

5 weeks from the start of RT 
    EPIC completed                                                  (n = 111)
    EPIC not completed, patient noncompliant       (n = 15)
    EPIC not completed, patient deceased                (n = 1)
    EPIC non completed, consent withdrawn            (n = 3)

4-6 weeks post-RT 
    EPIC completed                                                  (n = 106)
    EPIC not completed, patient noncompliant       (n = 18)
    EPIC not completed, patient deceased                 (n = 2)
    EPIC non completed, consent withdrawn            (n = 4)

1 year post-RT 
    EPIC completed                                                    (n = 98)
    EPIC not completed, patient noncompliant       (n = 17)
    EPIC not completed, patient deceased                 (n = 4)
    EPIC non completed, consent withdrawn          (n = 11)

3 years post-RT 
    EPIC completed                                                    (n = 68)
    EPIC not completed, patient noncompliant       (n = 41)
    EPIC not completed, patient deceased                 (n = 8)
    EPIC non completed, consent withdrawn           (n = 13)

Did not receive allocated intervention      (n = 3) 
Patient refusal                                           (n = 2) 
Other complicating diseases                    (n = 1)

Allocated to CRT
(n = 152)  

Allocation Allocated to IMRT
(n = 137)

Analysis 

Enrollment 

Excluded                                  (n = 7)
Inclusion criteria not met       (n = 7) 

Did not receive allocated intervention        (n = 5) 
   Patient refusal                                            (n = 2) 
   Toxicity                                                       (n = 1) 
   Received IMRT                                            (n = 2) 

Treatment 

Baseline 
    EPIC completed at baseline                                (n = 144)
    EPIC not completed                                                (n = 5)

3 weeks from the start of RT 
    EPIC completed                                                   (n = 134)
    EPIC not completed, patient noncompliant       (n = 12)
    EPIC not completed, consent withdrawn              (n = 3)

5 weeks from the start of RT 
    EPIC completed                                                   (n = 130)
    EPIC not completed, patient noncompliant        (n = 16)
    EPIC not completed, consent withdrawn              (n = 3)

4-6 weeks post-RT 
    EPIC completed                                                   (n = 131)
    EPIC not completed, patient noncompliant        (n = 14)
    EPIC not completed, consent withdrawn              (n = 4)

1 year post-RT 
    EPIC completed                                                   (n = 114)
    EPIC not completed, patient noncompliant        (n = 30)
    EPIC not completed, consent withdrawn             (n = 5)

3 years post-RT 
    EPIC completed                                                     (n = 79)
    EPIC not completed, patient noncompliant        (n = 54)
    EPIC not completed, patient deceased                 (n = 4)
    EPIC not completed, consent withdrawn            (n = 12)

FIG A1. CONSORT diagram. CRT, conventional radiation therapy; EPIC, Expanded Prostate cancer Index Composite; IMRT, intensity-modulated radiation
therapy; RT, radiation therapy.
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FIG A2. Kaplan-Meier survival curves for OS and DFS and cumulative incidence curve for LRF. CRT, conventional radiation therapy; DFS, disease-free
survival; HR, hazard ratio; IMRT, intensity-modulated radiation therapy; LRF, locoregional failure; OS, overall survival.
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FIG A3. EPIC assessment of GI toxicity depicting changes in EPIC (A) bowel and (B) urinary summary
scores across time. (C) Functional Assessment of Cancer Therapy (FACT) assessment of quality-of-life
total scores over time. Error bars represent 95% CIs. Only significant P values are provided (P, .05).
CRT, conventional radiation therapy; EPIC, Expanded Prostate Cancer Index Composite; IMRT,
intensity-modulated radiation therapy. (continued on following page)
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