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Summary

This meta-analysis examined
predictors of radiation
esophagitis (RE) for patients
receiving concurrent chemo-
radiation therapy for non-
small cell lung cancer.
Clinically significant RE is
common, but life-threatening
complications occur in <1%
of patients. The esophageal
volume receiving >60 Gy
(V60) is the best predictor of
RE, and additional variables
did not improve predictive
ability. A V60 <0.07% is
associated with a low risk of
RE, whereas a V60 >17%
confers the highest risk.

Purpose: Concurrent chemoradiation therapy (CCRT) improves survival compared with sequen-
tial treatment for locally advanced non-small cell lung cancer, but it increases toxicity, particu-
larly radiation esophagitis (RE). Validated predictors of RE for clinical use are lacking. We
performed an individual-patient-data meta-analysis to determine factors predictive of clinically
significant RE.

Methods and Materials: After a systematic review of the literature, data were obtained on 1082
patients who underwent CCRT, including patients from Europe, North America, Asia, and
Australia. Patients were randomly divided into training and validation sets (2/3 vs 1/3 of
patients). Factors predictive of RE (grade >2 and grade >3) were assessed using logistic
modeling, with the concordance statistic (c statistic) used to evaluate the performance of each
model.

Results: The median radiation therapy dose delivered was 65 Gy, and the median follow-up
time was 2.1 years. Most patients (91%) received platinum-containing CCRT regimens. The
development of RE was common, scored as grade 2 in 348 patients (32.2%), grade 3 in 185
(17.1%), and grade 4 in 10 (0.9%). There were no RE-related deaths. On univariable analysis
using the training set, several baseline factors were statistically predictive of RE (P<.05), but
only dosimetric factors had good discrimination scores (¢ > .60). On multivariable analysis,
the esophageal volume receiving >60 Gy (V60) alone emerged as the best predictor of grade
>2 and grade >3 RE, with good calibration and discrimination. Recursive partitioning identified
3 risk groups: low (V60 <0.07%), intermediate (V60 0.07% to 16.99%), and high (V60 >17%).
With use of the validation set, the predictive model performed inferiorly for the grade >2
endpoint (c = .58) but performed well for the grade >3 endpoint (c = .66).

Conclusions: Clinically significant RE is common, but life-threatening complications occur in
<1% of patients. Although several factors are statistically predictive of RE, the V60 alone
provides the best predictive ability. Efforts to reduce the V60 should be prioritized, with further

research needed to identify and validate new predictive factors. © 2013 Elsevier Inc.

Introduction

For patients with locally advanced non-small cell lung cancer
(NSCLC), the addition of concurrent chemotherapy to radiation
therapy provides the best chance of cure, achieving an absolute
improvement in survival of 10% at 2 years in comparison with
sequential chemotherapy and radiation (1). However, this
improvement in survival comes at a cost: patients receiving
concurrent chemoradiation therapy (CCRT) have an approxi-
mately 5-fold increase in the risk of acute radiation esophagitis
(RE) compared with patients receiving sequential treatment, and
in 1 randomized trial, 21% of patients on the CCRT arm had
treatment discontinued because of severe RE (1). Symptoms of
acute RE include odynophagia, dysphagia, and retrosternal pain,
in some cases resulting in weight loss and requiring analgesics,
intravenous fluids, hyperalimentation, the insertion of a percuta-
neous gastrostostomy tube, or some combination of these (2, 3).

The ability to accurately predict RE might facilitate strategies
to mitigate risk and thus improve the therapeutic ratio. To that end,
numerous studies have attempted to assess predictors of RE,
examining patient and tumor characteristics, dosimetric factors,
and the use of chemotherapy (2). However, such studies have not
yet resulted in the widespread adoption of any prediction model,
partly because of the heterogeneity of reported results across
studies, the lack of external validation, and the inclusion of
patients treated with older approaches (eg, sequential chemo-
therapy and radiation therapy) that may not be applicable to
modern practice. One of the largest previous studies developed
a practical prediction model (www.predictcancer.org) that was
validated on 3 separate cohorts but included patients with small
cell lung cancer and NSCLC, many of whom did not receive
concurrent chemotherapy (4).

Recent guidelines for assessing normal tissue toxicity risk
recommended the pooling of individual patient data to undertake
meta-analyses in an effort to overcome some of the limitations of
previous research (5). As a result, the collaborative project named
Systematic analysis of toxicity after radical irradiation: pneumo-
nitis and esophagitis (STRIPE) was launched to determine
predictors of radiation pneumonitis and esophagitis in patients
receiving CCRT. The first substudy examining predictors of
radiation pneumonitis was recently reported (6). The goal of this
component of the STRIPE project was to create and validate
a predictive model for RE in a population of patients with locally
advanced NSCLC receiving curative-intent, modern CCRT.

Methods and Materials

A systematic review was conducted using MEDLINE to identify
articles published between 1993 and January 2011 reporting on
dosimetric predictors of pneumonitis and RE. The full search
strategy, including electronic searches and hand searches for data
published in abstract form or unpublished, has been reported
previously (6). Authors were contacted and invited to submit
datasets (prospective or retrospective) with individual patient data.
Institutional Research Ethics Board approval was obtained.
Individual patients were included in the analysis if they were
treated for NSCLC with curative-intent CCRT, either
3-dimensional conformal radiation therapy (3D-CRT) or intensity
modulated radiation therapy (IMRT). Exclusion criteria included
stage IV disease, palliative-intent treatment, use of 2-dimensional
radiation therapy planning, small cell histology, surgical resection,
lack of esophagitis grade, and patients with no esophagitis dose
metrics available. Induction or adjuvant CCRT was permitted.
Patients who discontinued treatment because of toxicity (and
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therefore did not receive the intended dose) were included. All
centers reported contouring the esophagus from cricoid to
gastroesophageal junction as standard practice, and 1 center
routinely used contrast medium to assist in esophageal
delineation.

The 2 endpoints of this study were: (/) severe acute RE,
defined as grade 3 or higher according to the Common Termi-
nology Criteria for Adverse Events version 3 or 4, or grade 3 or
higher on the Radiation Therapy and Oncology Group (RTOG)
scale; and (2) moderate acute RE, defined as grade 2 or higher on
the same scales, which has been previously defined as a clinically
significant measure across multiple scoring scales (3). Patients
recorded as having RE during or after RT were recorded as having
an event.

Statistical analysis

A random number generator was used to separate patients into
a training set (n="722, 2/3 of 1082) and a validation set (n=360,
1/3 of 1082) without stratification. Descriptive statistics were
generated for baseline patient, tumor, and treatment characteris-
tics. Using the training set, univariable logistic regression analysis
was performed for each of the eligible available factors to identify
significant predictors of esophagitis grade >2 and grade >3. Due
to the fact that patients with missing data fields are excluded from
any regression analysis using those fields, it was required that any
predictor was available on at least 200 patients to be assessed as
a predictor. Imputation was not used because the data were
missing in a nonrandom fashion. By use of univariable analysis, P
values and concordance statistics (c statistics) were used to
quantify degree of association between each of the factors and
esophagitis endpoints. The c statistic indicates the discrimination
of the model (ie, the ability to distinguish low-risk from high-risk
study participants), and it ranges from .5 to 1, with .5 indicating
a useless test (no better than chance) and 1 indicating a perfect test
(7). For any 2 randomly selected patients of whom 1 has the
outcome of interest (RE) and 1 does not, the c statistic denotes
how often the model identifies the high-risk patient correctly.
Multivariable logistic regression models were then generated by
the use of forward-stepwise selection procedures, with factors

significant on univariable analysis eligible for inclusion in the
multivariable model. Factors remained included in the model if they
met 3 criteria: the factor was a statistically significant predictor, the
factor increased the discrimination of the model (denoted by
a higher c statistic), and the model was well calibrated, indicating
that the predicted risk for an individual patient is similar to the actual
risk, as judged by the Hosmer-Lemeshow test (7).

Recursive partitioning analysis (RPA) was performed incor-
porating significant predictors of esophagitis identified from
multivariable logistic regression as described previously (6) and
was used to create risk groups. RPA cutoffs were rounded to
increase clinical utility.

Once the analysis was complete on the training set, the
performance of the model and the RPA were evaluated by use of
the validation set. Survival estimates were calculated with the
Kaplan-Meier method, and the median follow-up time was
calculated with the reverse Kaplan-Meier method. Statistical
analysis was performed with SAS, version 9.2 (Cary, NC), and R,
version 2.15.2 (Vienna, Austria, for recursive partitioning analysis
only), with the use of 2-sided statistical testing at the .05 signif-
icance level. For the Hosmer-Lemeshow test of calibration, the
null hypothesis is that a model is well calibrated, such that P<.05
indicates poor calibration.

Results

Data were available on 1082 patients from 15 different sources,
12 previously reported in whole or in part—11 articles (4, 8-17)
and 1 abstract (18)— representing patients from North America,
Europe, Asia, and Australia (Table 1). Baseline clinical charac-
teristics are shown in Table 2. The median follow-up time was 26
months, and the median overall survival was 19 months. The
median total dose delivered was 65 Gy (range, 14-81.6 Gy), and
most patients received <2 Gy per fraction (85.2%). Numerous
chemotherapy regimens were used, with 91% of patients receiving
a platinum-containing regimen.

The development of RE was common, scored as grade 2 in 348
patients (32.2%), grade 3 in 185 patients (17.1%), and grade 4 in
10 patients (0.9%). There were no esophagitis-related deaths.

Table 1  Sources of individual patient data
Institution No. of patients
MAASTRO Clinic, Maastricht, The Netherlands 228
The Netherlands Cancer Institute — Antoni van Leeuwenhoek Hospital, 136
Amsterdam, Netherlands

Universidad Pompeu Fabra, Barcelona, Spain 100
Washington University School of Medicine, St. Louis, USA 80
Indiana University School of Medicine, Indianapolis, USA 73
Pulmonart Multicenter Study 71
University of Navarra, Pamplona, Spain 67
National Cancer Center, Goyang, Korea 65
London Regional Cancer Program 64
Campus Bio-Medico University, Rome, Italy 63
VU University Medical Center, Amsterdam, Netherlands 58
Peter MacCallum Cancer Centre, Melbourne, Australia 42
University of Pennsylvania, Philadelphia, USA 18
Duke University, Durham, USA 11
Ghent University Hospital, Ghent, Belgium 6
Total 1082
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Table 2 Baseline clinical characteristics

Characteristic N with data available at individual patient level Median (range) or n (%)

Age 1081 63.00 (24.53, 85.00)
Sex 1082

Male 750 (69.3)

Female 332 (30.7)
Histology 865

Adenocarcinoma 234 (27.1)

Squamous 288 (33.3)

Large cell 153 (17.7)

Other/NOS /undifferentiated 190 (22.0)
Stage™ 954

1 8 (0.8)

II 38 (4.0)

111 908 (95.2)
T stage 955

TO 5 (0.5)

T1 97 (10.2)

T2 302 (31.6)

T3 208 (21.8)

T4 316 (33.1)

TX 27 (2.8)
N stage 955

NO 121 (12.7)

N1 57 (6.0)

N2 522 (54.7)

N3 244 (25.6)

NX 11 (1.2)
Smoking history 538

Yes, current or former 504 (93.7)

Never 34 (6.3)
Performance status 709

Good (ECOG 0-1 or KPS >70) 655 (92.4)

Poor (ECOG >2 or KPS < 70) 54 (7.6)
Neoadjuvant chemotherapy 222 139 (62.6)
Type of concurrent chemotherapy 771

Platinum-based + etoposide 208 (27.0)

Platinum-based + taxane 210 (27.2)

Other platinum-based 287 (37.2)

Other/not specified 66 (8.6)
Max dose to esophagus (Gy) 933 65.40 (0.40, 81.90)
Mean dose to esophagus (Gy) 561 32.60 (1.90, 68.70)
Esophagus V5 (%) 269 64.28 (20.64, 100.00)
Esophagus V10 (%) 369 58.39 (5.00, 100.00)
Esophagus V15 (%) 206 59.42 (11.08, 99.60)
Esophagus V20 (%) 411 48.63 (0.00, 100.00)
Esophagus V25 (%) 248 49.54 (0.00, 97.99)
Esophagus V30 (%) 429 44.06 (0.00, 100.00)
Esophagus V35 (%) 348 45.19 (0.00, 100.00)
Esophagus V40 (%) 411 39.00 (0.00, 100.00)
Esophagus V45 (%) 478 38.14 (0.00, 100.00)
Esophagus V50 (%) 502 29.21 (0.00, 98.70)
Esophagus V55 (%) 489 22.26 (0.00, 95.00)
Esophagus V60 (%) 486 11.04 (0.00, 93.64)

Abbreviations: ECOG = Eastern Cooperative Oncology Group; NOS = not otherwise specified.
* All staging data refer to AJCC, sixth edition.
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The results from the univariable analysis on the training dataset
(n=722) are shown in Table 3. Univariable analysis identified
numerous baseline variables that were significantly associated
with each RE endpoint (grade >2 and grade >3), but most per-
formed poorly as predictors (c statistic .5-.6). Only dosimetric
variables were significant predictors of RE with ¢ > .6. For both
endpoints, the best individual predictor was V60 (For grade >2:
OR 1.34 per 10% increase, ¢ = .671, P<.001; for grade>3: OR
1.33 per 10% increase, ¢ = .694, P<.001); with other high-dose
parameters V50 to V70 among the best predictors.

On multivariable analysis using the training dataset, for both
endpoints, the V60 alone formed the best predictive model. For
the grade >2 RE multivariable model, “number of fractions” was
a significant predictor (OR 0.59 per S-fraction increase, P<.001)
along with V60, but the c statistic improved only slightly (from
.671 with V60 alone to .686), and the model failed the test of
calibration (Hosmer-Lemeshow P=.02). As such, the best model
was deemed to be V60 alone. For grade >3 RE, V60 was the only

Table 3
grade >3 in the training set (n="722)

significant predictor in the final multivariable model, with no other
variables reaching statistical significance.

Recursive partition analysis divided the training dataset into 3
risk groups based on the V60 values (Fig. 1). A low-risk subgroup
was identified with a very low V60 of <0.07%, an intermediate-
risk subgroup with a V60 of 0.07% to 16.99%, and a high-risk
subgroup with a V60 of >17%. Patients were well distributed
between groups: in the whole dataset, of the 486 patients with V60
data available, 147 (30%) were in the low-risk group, 125 (26%)
were in the intermediate-risk group, and 214 (44%) were in the
high-risk group. These numbers were similar in the training versus
the validation sets: 29% versus 32% in the low-risk group, 27%
versus 23% in the intermediate-risk group, and 44% versus 45% in
the high-risk group.

The findings from the training set were then assessed in the
validation set (n=360). For grade >2 RE, the predictive model
(V60 alone) did not perform as well as in the training set, with
a final c statistic of .583, whereas for grade >3 RE, the model

Univariable logistic regression models examining relationship between individual predictors of esophagitis grade >2 and

Grade >2 esophagitis

Grade >3 esophagitis

Independent variable Odds ratio (95% CI)

Age (per 10-year increase)

Male sex (ref: female)

Stage (stage III vs lower)™

T stage (T4 vs T1)*

N stage (N3 vs. NO)*

Histology™

Current or former smoker (ref: never)

Poor performance status (ref: good)

Type of concurrent chemotherapy™

Total radiation dose (Gy) (per 5-Gy
increase)

Total number of fractions (per 5-unit
increase)

Fractionation schedule

Dose per fraction (per 1-Gy increase)

Max dose to esophagus (Gy) (per 5-Gy
increase)

Mean dose to esophagus (Gy) (per 5-Gy

increase)

Esophagus V5 (%) (per 10% increase)

Esophagus V10 (%) (per 10% increase)
Esophagus V15 (%) (per 10% increase)
Esophagus V20 (%) (per 10% increase)
Esophagus V25 (%) (per 10% increase)
Esophagus V30 (%) (per 10% increase)
Esophagus V35 (%) (per 10% increase)
Esophagus V40 (%) (per 10% increase)
Esophagus V45 (%) (per 10% increase)
Esophagus V50 (%) (per 10% increase)
Esophagus V55 (%) (per 10% increase)
Esophagus V60 (%) (per 10% increase)
Esophagus V65 (%) (per 10% increase)
Esophagus V70 (%) (per 10% increase)

0.98 (0.84, 1.14)
0.84 (0.61, 1.15)
2.31 (1.09, 4.89)
0.95 (0.54, 1.66)
2.17 (1.25, 3.75)

0.58 (0.25, 1.36)
2.34 (1.11, 4.92)

0.98 (0.86, 1.11)

0.88 (0.81, 0.97)

1.72 (1.18, 2.51)
1.18 (1.08, 1.30)

1.09 (1.00, 1.20)

1.34 (1.09, 1.63)
1.23 (1.06, 1.44)
1.29 (1.02, 1.62)
1.15 (1.04, 1.28)
1.21 (1.07, 1.38)
1.22 (1.10, 1.35)
1.16 (1.03, 1.29)
1.21 (1.09, 1.34)
1.12 (1.02, 1.23)
1.28 (1.15, 1.42)
1.22 (1.09, 1.36)
1.34 (1.19, 1.52)
1.32 (1.06, 1.63)
1.72 (1.19, 2.48)

P value c statistic Odds ratio (95% CI) P value c statistic
774 0.507 0.93 (0.76, 1.12) 433 0.521
270 0.519 1.28 (0.84, 1.94) 255 0.525
.029 0.520 3.55 (0.84, 15.02) .085 0.522
.854 0.549 1.01 (0.46, 2.26) 113 0.565
.015 0.561 7.50 (2.24, 25.16) .011 0.593
298 0.542 130 0.561
210 0.517 0.94 (0.34, 2.60) .907 0.502
.026 0.528 0.80 (0.34, 1.88) .614 0.508
.005 0.565 283 0.549
758 0.507 0.91 (0.78, 1.06) 213 0.539
.008 0.547 0.83 (0.73, 0.95) .006 0.580
.002 0.565 423 0.532
.005 0.542 1.77 (1.13, 2.77) .013 0.577

<.001 0.576 1.10 (0.97, 1.23) 131 0.535
.062 0.555 1.16 (1.02, 1.31) .020 0.608
.005 0.618 1.35 (1.05, 1.74) .018 0.630
.007 0.597 1.30 (1.06, 1.60) .013 0.638
.031 0.609 1.19 (0.93, 1.52) .160 0.579
.007 0.605 1.14 (0.99, 1.31) .070 0.606
.003 0.644 1.12 (0.97, 1.30) 114 0.589

<.001 0.638 1.17 (1.02, 1.34) .028 0.613
.011 0.604 1.12 (0.97, 1.28) 123 0.583

<.001 0.636 1.20 (1.05, 1.38) .010 0.628
.021 0.579 1.15 (1.01, 1.31) .033 0.598

<.001 0.662 1.25 (1.09, 1.44) .001 0.647

<.001 0.634 1.25 (1.09, 1.43) .002 0.655

<.001 0.671 1.33 (1.15, 1.54) <.001 0.694
.012 0.646 1.14 (0.93, 1.40) .198 0.581
.004 0.667 1.52 (1.08, 2.15) .017 0.689

Abbreviations: CI = confidence interval; Vx = volume of esophagus receiving > X Gy of radiation therapy.
* Because of space limitations, data for specific subgroups of categorical variables with >2 subgroups (nominal or ordinal) are omitted; for ordinal
variables data comparing the first and last categories are presented, whereas for nominal variables the P value for the whole group is provided.
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(V60 alone) had similar performance characteristics as in the
training set (¢ = .655). Application of the risk categories formed
by the RPA to the validation set was consistent with results from
the training data set (Fig. 1).

Discussion

Radiation esophagitis is a common adverse event in patients
receiving CCRT and can have a deleterious impact on quality of
life and treatment compliance (2, 3). This study, which to our
knowledge is the largest such study reported to date on patients
receiving CCRT, suggests that high-dose metrics are the most
important predictors of RE. The V60 emerged as the best predictor
for both moderate and severe RE. Patients with a very low V60
<1% have a low risk of RE (<5% risk of grade >3 toxicity),
whereas a V60 above 17% confers a high risk of RE. Other high-
dose metrics, such as the V50, also serve as good predictors of RE.
Despite these risks of symptomatic RE, the chance of life-
threatening toxicity is low (<1% grade 4 RE), and no RE-
related deaths were reported. In the context of the challenges
achieving local control for NSCLC, this very low risk of life-
threatening toxicity suggests that although the dose to the
esophagus should be as low as reasonably achievable, delivering
adequate dose to tumor should be prioritized, as long as treatment
interruptions in patients who experience RE can be avoided.
This study is also unique in that it identifies predictors of
toxicity based on their discrimination and calibration, not merely
based on P values. Although several previous articles have re-
ported significant predictors of RE based on statistical significance
alone, without information regarding the performance of each
predictor, the clinical utility of such models is unknown. Indeed,
several baseline factors examined herein were significant predic-
tors of RE (Table 3) yet did not perform much better than random
chance in discriminating between patients (eg, the presence of
stage III disease was a significant predictor, but the c statistic of
0.52 indicates that it is only marginally better than a coin toss).
The findings of this study are consistent with previously re-
ported data examining predictors of RE, including studies exam-
ining patients treated with radiation therapy alone. Although some
studies have suggested that the low-dose metrics are associated
with toxicity, most studies implicate the high-dose metrics (eg,
cumulative dose >50 Gy) as being most strongly associated with

V60 ]
ESOPHAGUS |

HIGH RISK:
V602 17.0%

Fig. 1.

- LOW RISK: | 29%Grade =2 RE

V60< 0.07% (T: 26% / V: 35%) “
_| INTERMEDIATE RISK: 41% Grade 22 RE
“| Vv60:0.07%-17.0% (T: 38%/V:46%)

RE (2, 3). These findings are consistent with the classification of
the esophagus as a serial organ at risk, in that a large dose to
a small volume can result in significant toxicity. However, it is
likely that other key variables play an important role in the
development of RE. A previous study from the Netherlands, which
contributed data to the meta-analysis herein, identified age, sex,
performance status, mean and maximum esophageal dose, and
overall treatment time as predictors of RE. This model performed
very well on external validation, with c statistics of .94 for
a separate Northern European dataset and .77 for a dataset from
Washington University—much better than physicians’ predictions,
which were similar to chance, with ¢ = .53 (4). Several more
complex dose metrics have been considered (such as metrics
based on surface area, esophageal circumference, or length of
esophagus receiving a certain threshold dose), but their utility over
more traditional dose—volume metrics is unclear. The use of
concurrent chemotherapy (vs radiation therapy alone) has also
been implicated in the development of RE (12). Given that all
patients in this meta-analysis received concurrent chemotherapy,
this could not be assessed directly, although the different
chemotherapy agents did not seem to affect RE risk, as they
appear to do with pneumonitis risk (6).

These findings take on additional importance in the context of
recent developments in radiation therapy that may be helpful for
reducing the risk of esophageal toxicity without compromising the
dose delivered to tumor. The use of IMRT for patients with node-
positive disease, or with tumors close to the esophagus, can achieve
significant esophageal sparing relative to 3D-CRT. In node-positive
patients, 1 planning study achieved a decrease in esophageal V50
from 26% to 28% with 3D-CRT to 19% with the use of IMRT while
maintaining equivalent tumor control probability (19). Elective nodal
irradiation (ENI) has also been clearly associated with increased
esophageal dose, resulting in a 2-fold increase in the esophageal V50
compared with plans treating only involved nodes (19). Current
treatment planning recommendations suggest that ENI can be
omitted in the treatment of NSCLC when positron emission tomog-
raphy-computed tomography scans are used as a component of
routine staging (20), although this remains somewhat controversial.

Meta-analyses are powerful tools for creating predictive models
because of their statistical power and generalizability, but several
limitations must be borne in mind. The models and risk groups
created in this study, relying on V60 alone, are useful to guide
clinical practice but require further improvement. Overfitting of

4% Grade = 3 RE
(T:4% / V: 4%)
\ .
.| 10%Grade=3RE
“l (T:10%/V: 10%)
- ——

59% Grade 22 RE
(T: 63% /V:53%)

22% Grade =3 RE
(T: 27% / V: 15%)

Recursive partitioning analysis showing groups at low risk, intermediate risk, and high risk for radiation esophagitis (RE).

T = training set; V = validation set; V60 = volume of esophagus receiving >60 Gy of radiation therapy.
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training data is a common issue in prediction modeling, and this was
evident herein. For the endpoint of moderate esophagitis (grade >2),
the model did not perform well in the validation set (c < .6), sug-
gesting that the generalizability of the model for the grade >2
outcome may be limited. For the grade >3 endpoint, although there
was less overfitting based on the c statistics, the differences in
absolute RE risk in the 3 risk groups was smaller: approximately
5%. It is clear that the incorporation of novel predictors, such as
genetic biomarkers, is required to create more accurate and robust
models, ideally with c statistics >.80.

When data are pooled from several centers, information is not
always widely available on all variables of interest such as neu-
tropenia (4), genetic polymorphisms, craniocaudal tumor dimen-
sion, the presence of bulky lymphadenopathy, and specific
radiation therapy planning approaches such as the use of elective
nodal irradiation, and some datasets did not include data on all
important variables herein. Specifically, many of the dosimetric
variables were available on fewer than half of the patients, limiting
the statistical power.

The utility of V60 as a predictive marker may vary on the basis
of local image segmentation practices, in that smaller esophageal
volumes tend to increase the V60. However, current guidelines
suggest that the esophageal volume should extend from the cricoid
to the gastroesophageal junction (3), and all centers reported
following this practice, but this cannot be verified at the individual
patient data level, and as such there may be some variability in
contouring that affects the true V60 measurement. In addition, the
nominal doses reported herein were not corrected for fraction-
ation; however, this would not be expected to have a major impact
because the majority of patients received 1.8 to 2 Gy per day;
similarly, data on the use of inhomogeneity correction algorithms
were not available in sufficient numbers to allow for inclusion of
this factor in the modeling. Although the use of 3D-CRT versus
IMRT and ENI were not available at the individual patient level,
the effects of these planning approaches would be reflected in the
dose-volume parameters evaluated herein (19). There can be
uncertainty in ascertaining true RE at different centers, which can
be mistaken for esophageal infection or worsening of gastro-
esophageal reflux (3). Ideally, some of these limitations should be
addressed through the creation of a large, multicenter database
prospectively collecting data on all variables of interest, or even
a randomized trial addressing the value of reducing the V60. The
ability to reduce the V60 must be considered in the context of
other competing priorities, including the risk of pneumonitis,
myelitis, and the tumor control probability, and such tradeoffs may
depend on the individual patient circumstances.

In conclusion, although RE is a common toxicity of CCRT, life-
threatening RE is rare, and no RE-related deaths were reported in
this large cohort of patients. High-dose metrics, specifically the
V60, are the best predictors of RE. Modern planning techniques
such as IMRT and avoidance of ENI may be useful in reducing the
risk of RE while maintaining adequate dose to target volumes.
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