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Abstract
Introduction The use of intensity-modulated radiation therapy (IMRT) in rectal cancer has steadily increased over traditional 3D
conformal radiotherapy (3D-CRT) due to perceived benefit of delivering higher treatment doses while minimizing exposure to
surrounding tissues. However, IMRT is technically challenging and costly, and its effects on rectal cancer outcomes remain
unclear.
Material and Methods Adults with clinical stage II and III rectal adenocarcinoma who underwent neoadjuvant chemoradiother-
apy with 45–54 Gy of radiation and surgery were included from the 2006–2013 National Cancer Data Base. Patients were
grouped based the modality of radiation received: IMRT or 3D-CRT. Multivariable regression modeling adjusting for demo-
graphic, clinical, and treatment characteristics was used to examine the impact of IMRT vs. 3D-CRTon pathologic downstaging,
resection margin positivity, sphincter loss surgery, 30-day unplanned readmission and mortality after surgery, and overall
survival.
Results Among 7386 patients included, 3330 (45 %) received IMRT and 4056 (55 %) received 3D-CRT. While the mean
radiation dose delivered was higher with IMRT (4735 vs. 4608 cGy, p < 0.001), it was associated with higher risks of positive
margins (adjusted odds ratio (OR) 1.57; p < 0.001) and sphincter loss surgery (OR 1.32; p < 0.001). There were no differences
between IMRTand 3D-CRT in the likelihood of pathologic downstaging (OR 0.89, p = 0.051), unplanned readmission (OR 0.79;
p = 0.07), or 30-day mortality (OR 0.61; p = 0.31) after surgery. Additionally, there were no differences in overall survival at
8 years (IMRT vs. 3D-CRT: 64 vs. 64 %; adjusted hazard ratio 1.06, p = 0.47).
Conclusion IMRT is associated with worse local tumor control without any long-term survival benefit for patients with locally
advanced rectal cancer. Given the lack of significant advantage and the higher cost of IMRT, caution should be exercised when
using IMRT instead of traditional 3D-CRT for rectal cancer.
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In the treatment of locally advanced rectal cancer,
fluorouracil-based neoadjuvant chemoradiation is associ-
ated with improved tumor downstaging, increased R0
resection rates, and reduced local recurrence [1, 2]. To
achieve the target radiation dose, three-dimensional con-
formal radiotherapy (3D-CRT), which involves triangu-
lating multiple radiation beams, has traditionally been
utilized to treat rectal tumors. While this modality is
well established, clinically significant gastrointestinal
toxicity is common due to radiation-induced injury to
normal tissues adjacent to the target volumes, exacerbat-
ed by concurrent administration of chemotherapy [1–3].
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Recently, intensity-modulated radiation therapy (IMRT)
has been increasingly adopted as an alternative to 3D-CRT.
By leveraging computer-based optimization, IMRT can deliv-
er radiation of variable intensity within a single beam, with the
goal of maximizing radiation dose to the tumor while mini-
mizing exposure to healthy tissues [4]. Single institution re-
ports suggest that IMRT can be used with good patient com-
pliance, low rates of acute bowel toxicity, and high tumor
pathologic response rates [5, 6]. However, IMRT also requires
greater technical proficiency, more time, and higher cost. It
also can be associated with a higher risk of missing the target
volume [7].

Furthermore, despite the rising implementation of IMRT,
direct comparisons between IMRT and 3D-CRT use in rectal
cancer treatment remain limited. Moreover, there is little data
evaluating either short- or long-term oncologic outcomes as-
sociated with IMRT-treated rectal tumors. Therefore, our ob-
jective was to examine the perioperative and survival out-
comes of 3D-CRTand IMRT in a large cohort of patients with
locally advanced rectal cancer.

Material and Methods

Study Design

We queried the National Cancer Data Base (NCDB), which
collects information on approximately 70 % of all newly di-
agnosed cancer cases in the USA and Puerto Rico from more
than 1500 cancer centers. The NCDB 2006–2013 Participant
Use File for rectal cancer was used for the analysis,
representing a contemporary cohort of rectal cancer patients.

Adults with clinical stage II and III rectal adenocarcinomas
who received neoadjuvant chemoradiotherapy to a dose of
45–54 Gy of radiation and surgery were selected based on
International Classification of Diseases for Oncology, Third
Edition histology codes (8140, 8141, 8143, 8144, 8145, 8147,
8150, 8210, 8211, 8260, 8261, 8262, 8263, 8310, 8320, 8323,
8380, 8401, 8410, 8440, 8460, 8470, 8490, 8500, 8503,
8510). Patients with more than one primary tumor or received
incomplete doses (<45 Gy) of radiation were excluded.
Patients with unspecified radiation modality were also
excluded.

Study Outcomes

The primary outcome of our analysis was overall survival,
defined from date of surgery. Secondary outcomes included
pathologic downstaging (either by T- or N-stage), sphincter
loss surgery, resection margin positivity (either distal or cir-
cumferential margin), unplanned 30-day postoperative read-
mission (as a surrogate for postoperative complications), and
30-day postoperative mortality.

Statistical Analysis

The initial patient cohort was stratified based on the modality
of radiation received: IMRT or 3D-CRT. Unadjusted out-
comes were evaluated using Kruskal-Wallis or chi-squared
test for continuous and categorical variables, respectively.
Survival was plotted using the Kaplan-Meier method.
Multivariable logistic regression modeling was utilized to
compare perioperative outcomes while accounting for patient
age, sex, race, insurance status (private vs. government vs. no
insurance), Charlson-Deyo comorbidity score, tumor size,
hospital type (community, comprehensive community, or ac-
ademic), clinical tumor stage, and extent of surgery (sphincter-
preserving surgery including low anterior resection or
coloanal pull-through vs. non-sphincter preserving surgery
including abdominoperineal resection or pelvic exenteration).
For survival, a Cox proportional hazards model was employed
while adjusting for postoperative chemotherapy in addition to
all variables defined in the perioperative outcome models.

Multivariable logistic regression models were created to
analyze patient and hospital factors independently associated
with using IMRT; a backward variable elimination method
was used to produce the most parsimonious and fit model
based on the lowest Akaike information criterion.

A p value of less than 0.05 was considered statistically
significant. Statistical analysis was performed using R 3.2.1
(R Foundation, Vienna, Austria). The Duke Institutional
Review Board exempted this retrospective study.

Results

Baseline Demographics and Trends of Use

Among 7386 rectal cancer patients included, 3330 (45 %)
received IMRT and 4056 (55 %) received 3D-CRT.
Utilization of IMRT increased over the study period from
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Fig. 1 Trend of use of three-dimensional conformal radiation therapy
(3D-CRT) and intensity-modulated radiation therapy (IMRT) for locally
advanced rectal cancer patients over the study period

J Gastrointest Surg (2017) 21:106–111 107



24 % in 2006 to 50 % in 2013 (Fig. 1). Patients who received
IMRTwere more likely to be female (38.8 vs. 36 %, p = 0.01)
and non-White (12.7 vs. 10.7 %, p = 0.03), possess
government-based insurance (42.5 vs. 39.6 %, p = 0.03), and
treated at an academic institution (38.6 vs. 35.6 %, p = 0.02)
(Table 1). There were no differences in presenting disease
stage, tumor size, and tumor grade (all p > 0.05). Mean radia-
tion dose delivered (4735 vs. 4608 cGy, p < 0.001) as well as
extent of surgery (sphincter loss 34.7 vs. 28.3 %, p < 0.001)
was greater with IMRT.

After adjustment, female gender was independently asso-
ciated with a higher likelihood of using IMRT (adjusted odds
ratio (OR) 1.15, 95 % confidence interval (CI) 1.04–1.28,

p = 0.01) (Fig. 2). Patient age, race, insurance status,
Charlson-Deyo co-morbidity score, hospital type, income
and education status, and clinical stage of disease were not
predictive of IMRT or 3D-CRT use (all p > 0.05).

Short-Term Outcomes and Overall Survival

Before adjustment, IMRT was associated with a higher
rate of sphincter loss surgery (34.7 vs. 28.3 %, p < 0.001)
and positive resection margin (8 vs. 5.6 %, p < 0.001),
but a lower rate of postoperative readmission (6.4 vs.
7.9 %, p = 0.02). Rates of pathologic downstaging (55

Table 1 Baseline characteristics
of patients with locally advanced
rectal cancers treated by either
three-dimensional conformal
radiation therapy (3D-CRT) or
intensity-modulated radiation
therapy (IMRT) as part of
neoadjuvant chemoradiation

3D-CRT IMRT p value
(N = 4056) (N = 3330)

Demographics
Age (years) 59 (51,58) 59 (51,58) 0.88
Gender 0.01
Male 64.0 % (2594) 61.2 % (2037)
Female 36.0 % (1462) 38.8 % (1293)

Race 0.03
White 89.3 % (3605) 87.4 % (2893)
Black 6.8 % (274) 8.0 % (264)
Other 3.9 % (157) 4.7 % (154)

Charlson-Deyo Comorbidity Index 0.93
0 79.9 % (3240) 79.7 % (2654)
1 16.3 % (660) 16.3 % (542)
≥2 3.8 % (156) 4.0 % (134)

Facility type 0.02
Community 10.8 % (372) 11.3 % (333)
Comprehensive 53.6 % (1850) 50.1 % (1473)
Academic 35.6 % (1230) 38.6 % (1136)

Insurance status 0.03
None 5.1 % (204) 5.3 % (174)
Private 55.3 % (2225) 52.2 % (1719)
Government 39.6 % (1594) 42.5 % (1397)

Income level above median 70.9 % (2789) 67.4 % (2157) 0.001
Education level above median 65.1 % (2558) 61.7 % (1977) 0.004
Tumor and treatment characteristics
Clinical stage 0.13
II 47.0 % (1907) 45.3 % (1507)
III 53.0 % (2149) 54.7 % (1823)

Tumor size 0.53
<1 cm 3.9 % (126) 3.8 % (104)
1–1.9 cm 7.9 % (253) 7.4 % (203)
2–4.9 cm 50.7 % (1623) 49.6 % (1367)
>4.9 cm 37.4 % (1198) 39.2 % (1080)

Tumor grade 0.70
Well to moderately differentiated 88.9 % (3080) 88.5 % (2521)
Poorly or undifferentiated 11.1 % (386) 11.5 % (326)

Total radiation dose in cGy (mean, SD) 4608 ± 234 4735 ± 292 <0.001
Extent of surgery <0.001
Sphincter preservation 71.7 % (2781) 65.3 % (2052)
Sphincter loss 28.3 % (1097) 34.7 % (1089)

Lymph nodes examined (number) 13 (8,18) 12 (7,17) <0.001
Complete pathologic response 13 % (542) 11 % (380) 0.012
Hospital length of stay (days) 6 (5, 8) 6 (4,8) 0.04
Postoperative chemotherapy 35.7 % (1450) 35.4 % (1180) 0.78

Continuous variables are shown as median (interquartile range). Categorical variables are shown as percentage
(number)
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vs. 57 %, p = 0.09) and 30-day postoperative mortality
(0.6 vs. 0.8 %, p = 0.36) were not different.

After adjustment for patient, clinical, and tumor char-
acteristics, patients receiving IMRT had higher odds of
sphincter loss surgery (OR 1.32, CI 1.14–1.52, p < 0.001)
and positive resection margin (OR 1.57, CI 1.21–2.03,
p < 0.001) (Table 2). Patients treated with IMRT trended
towards a lower likelihood of pathologic downstaging
(OR 0.89, CI 0.79–1.01, p = 0.051) and a lower likeli-
hood of postoperative readmissions (OR 0.79, CI 0.61–
1.02, p = 0.07). There were no adjusted differences in 30-
day mortality (OR 0.61, CI 0.24–1.57, p = 0.31).

At 5 years, unadjusted overall survival (follow up
range: 1–102 months) was not different between patients
who received IMRT vs. 3D-CRT (73 vs. 75 %, p =
0.131) (Fig. 3). After adjustment, IMRT was not associ-
ated with a difference in the rate of mortality (adjusted
hazards ratio 1.06, CI 0.89–1.28, p = 0.47).

Discussion

In this nationwide analysis of neoadjuvant radiotherapy mo-
dalities for locally advanced rectal cancer, we found that
IMRT is not associated with benefits in perioperative out-
comes or long-term survival, despite its rising use. Female
gender appears to be independently associated with IMRT
use, possibly related to a greater desire to avoid radiation-
induced toxicity. Notably, other factors such as socioeconomic
indicators or hospital type did not influence the likelihood of
receiving IMRT, suggesting that there may be unreported pro-
vider factors influencing the choice of radiation modality.

While the primary motivation for using IMRT has been for
its favorable gastrointestinal morbidity profile in the treatment
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Fig. 2 Forest plot of factors associated with intensity-modulated
radiation therapy (IMRT) use among patients with stage II/III rectal
cancers. Black circles represent odds ratios for the independent
association of each factor with likelihood of using IMRT; 95 %
confidence interval bounds are represented by the corresponding
horizontal lines

Table 2 Outcomes of patients
with locally advanced rectal
cancers treated by either three-
dimensional conformal radiation
therapy (3D-CRT) or intensity-
modulated radiation therapy
(IMRT) as part of neoadjuvant
chemoradiation

Unadjusted outcomes
3D-CRT IMRT p value

Pathologic downstaging 57.0 % 55.0 % 0.09
Sphincter loss surgery 28.3 % 34.7 % <0.001
Positive resection margin 5.6 % 8.0 % <0.001
Unplanned postoperative readmission 7.9 % 6.4 % 0.02
30-day postoperative mortality 0.8 % 0.6 % 0.36
Adjusted IMRT outcomes (reference: 3D-CRT)

Odds ratio 95 % confidence interval p value
Pathologic downstaging 0.89 0.79–1.01 0.051
Sphincter loss surgery 1.32 1.14–1.52 <0.001
Positive resection margin 1.57 1.21–2.03 <0.001
Unplanned postoperative readmission 0.79 0.61–1.02 0.07
30-day postoperative mortality 0.61 0.24–1.57 0.31

Hazards ratio 95 % confidence interval p value
Overall survival 1.06 0.89–1.28 0.47

For perioperative outcomes, variables adjusted include patient age, sex, race, insurance status, Charlson-Deyo
comorbidity score, tumor size, hospital type, clinical tumor stage, and extent of surgery. For survival outcome,
variables adjusted include postoperative chemotherapy in addition to all variables defined in the perioperative
outcome models

Fig. 3 Overall survival of locally advanced rectal cancer patients,
stratified by use of neoadjuvant three-dimensional conformal radiation
therapy (3D-CRT) or intensity-modulated radiation therapy (IMRT)
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of other cancers, data supporting IMRT for reduction of gas-
trointestinal toxicity are conflicting in the treatment of rectal
tumors. In dosimetric studies, IMRT demonstrated better tu-
mor target conformity and decreased irradiation of organs at
risk compared to 3D-CRT [7]. However, these improvements
did not necessarily translate to consistent results in reduced
toxicity. While a retrospective review from the Mayo Clinic
Arizona described 32 % grade ≥2 toxicity with IMRT com-
pared to 62 % with 3D-CRT [5], RTOG 0822 reported a 52 %
grade ≥2 gastrointestinal toxicity, including 15 % grade ≥3
diarrhea [8]. Moreover, the RTOG 0822 study utilizing
IMRT was initiated as a response to the high rate of adverse
events observed in RTOG 0247 that used 3D-CRT in conjunc-
tion with oxaliplatin, concluding that IMRT did not improve
gastrointestinal toxicity [9]. Taken together, it is unclear that
IMRT reduces acute toxicity of neoadjuvant therapy.

Similarly, data regarding the effects of IMRT on perioper-
ative outcomes and long-term survival are limited. For exam-
ple, Parekh et al. conducted a single institution retrospective
analysis of 92 rectal cancer patients including 31 treated with
IMRT [6]. The authors reported lower overall acute gastroin-
testinal toxicity rate with IMRT, as well as a 10 % decrease in
pelvis-specific complications. However, patients undergoing
IMRT did not experience improvements in overall periopera-
tive complications (47 % postoperative morbidity requiring
intervention). The Radiation Therapy Oncology Group
(RTOG) 0822 study was a prospective, multicenter, single
arm study that evaluated 68 patients who received IMRTwith
concurrent capecitabine and oxalipatin for rectal cancer [8].
Among these patients, sphincter loss surgery was performed
in 21 % of patients, and overall survival at 4 years was 83 %.
However, no 3D-CRT comparison group was included as part
of RTOG 0822 for patients who received conventional 3D-
CRT. A Chinese prospective study including 63 locally ad-
vanced rectal cancer patients who received IMRT reported a
34 % sphincter loss surgery rate with 96 % 2-year overall
survival [10]. Similar to RTOG 0822, the Chinese study also
did not report any outcomes in patients undergoing 3D-CRT,
limiting the interpretation of its results. In contrast, our analy-
sis provides meaningful comparisons for a contemporary co-
hort of rectal cancer patients receiving 3D-CRT or IMRT and
shows that IMRT is associated worse R0 resection rates and
sphincter preservation without differences in other periopera-
tive endpoints and overall survival.

Our analysis has several limitations. Firstly, our compari-
son was retrospective and thus subject to selection bias.
Nevertheless, our expectation was that IMRT would be used
more often in high-volume academic centers associated with
well-integrated treatment teams, which may optimize clinical
outcomes and therefore bias our results to favor IMRT.
Instead, patients who underwent IMRT were associated with
worse perioperative outcomes without survival benefits,
which persisted even after adjustment for confounding factors.

Secondly, our dataset could not capture data on acute or late
toxicities related to radiotherapy treatment; however, even if
IMRT was associated with improvements in toxicity and re-
currence, these benefits did not translate into statistically de-
tectable differences in perioperative readmission rates (as a
surrogate for surgical complications) or overall survival.
Furthermore, our analysis could not adjust for tumor locations
relative to the anal verge. Therefore, it is possible that IMRT
may have been used for low-lying lesions in our cohort, ac-
counting for the higher rate of margin positivity and sphincter
loss surgery. Thus, IMRT may prove beneficial in these diffi-
cult cases where radiation fields involve targeting at risk areas
in proximity to the genitalia [11]. Lastly, our analysis could
only evaluate overall survival and thus cannot comment on
cancer-specific survival.

In a recent cost analysis of IMRT vs. 3D-CRT, the overall
treatment cost of IMRT was $5405 greater than 3D-CRT in
soft tissue sarcoma patients [12]. Although IMRT use other
malignancies such as soft tissue sarcomas may prove cost
effective by consistently reducing toxicity and tumor recur-
rence, these benefits may not persist in the treatment of rectal
cancer. Therefore, based on an estimated 12,000 rectal cancer
patients receiving IMRT each year, the additional cost of
IMRT could translate to more than $64 million dollars annu-
ally. As such, caution should be exercised when using IMRT
in lieu of traditional 3D-CRT for rectal cancer.

Conclusion

In conclusion, our study demonstrates that IMRT use in rectal
cancer is associated with worse R0 resection rates and sphinc-
ter preservation, without differences in pathologic
downstaging, postoperative readmission, postoperative mor-
tality, or long-term overall survival. Given the lack of consis-
tent benefit in using IMRT for rectal cancer and its higher cost,
utilization of IMRT should be further scrutinized.
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