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A nomogram that predicts pathologic complete response to
neoadjuvant chemoradiation also predicts survival outcomes after
definitive chemoradiation for esophageal cancer
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Background: Pathologic complete response (pCR) to neoadjuvant chemoradiation for esophageal cancer is
associated with improved outcomes. We evaluated whether a nomogram designed to predict who would have
a pCR after trimodality therapy could also predict outcome after definitive chemoradiation.

Methods: Patients in this retrospective, single-institution analysis had received chemoradiation without
surgery for esophageal cancer from 1998 through 2010; 333 such patients had complete information on all
variables required for the pCR nomogram: sex; T status (by endoscopic sonography); tumor grade; tumor
avidity on positron emission tomography (PET); and esophagogastroduodenoscopy (EGD)-directed biopsy
results after chemoradiation. We used multivariate Cox regression to test potential associations between
clinical outcomes [overall survival (OS), locoregional recurrence, and distant metastasis] and patient or
treatment factors and the pCR nomogram score; the component variables of the nomogram were not
reintroduced into the multivariate analysis.

Results: The median follow-up time for all patients (median age 66 years) was 18.2 months (30.7 months
for those alive at the time of analysis). Patients with nomogram scores <125 (median for all patients) had
significantly worse outcomes than patients with scores >125: median OS time 19.7 vs. 48.2 months; disease-
free survival (DFS) time 6.1 vs. 31.1 months; locoregional failure-free survival time 17.7 months vs. not
reached; and distant metastasis-free survival time 11.7 months vs. not reached (all P<0.001). Multivariate Cox
regression analysis indicated that nomogram score independently predicted each survival outcome, along
with other patient and disease factors.

Conclusions: The pCR nomogram score predicted survival outcomes in patients receiving definitive
chemoradiation for esophageal cancer. Although this nomogram requires further validation, it may prove
useful for stratifying patients for clinical trials designed to intensify treatments for patients at the highest risk
of relapse.
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Introduction the mid-1970s (1). Neoadjuvant chemoradiation, followed

Esophageal cancer is relatively rare but deadly. Despite by surgery if possible, is currently the standard of care for

advances in diagnosis and treatment, the overall 5-year nonmetastatic esophageal cancer, as randomized trials have

survival rate has improved from 3% to only 15-20% since shown that this therapy produces a survival benefit over
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surgery alone (2-5). However, even though this combined
therapy has led to prolonged survival outcomes, this benefit
is balanced by the risk of surgical complications, which
include a postoperative death rate of 4-10% (4,6), and the
risk of long-term detrimental effects from postoperative
pulmonary and gastrointestinal complications (7) that can
lead to lifelong deterioration in terms of gastroesophageal
reflux, eating restrictions, dyspnea, and fatigue (8).

About 25-30% of patients experience pathologic
complete response (pCR), the absence of residual viable
tumor cells in the resected specimen, after neoadjuvant
chemoradiation (3,5). A pCR after trimodality therapy is
known to predict lower rates of local recurrence (9,10) and
better overall survival (OS) (10,11); a pCR can also indicate
long-term cure in about 20% of patients with unresected
disease who receive definitive chemoradiation (12). Thus
the question remains: if chemoradiation eradicates the
esophageal tumor, can some patients forego surgery (and
be spared the perioperative and long-term morbidity of
esophageal resection), and if so, how would such patients be
identified?

One way of addressing this question would be to develop a
surrogate measure with which to identify pCR in patients who
do not undergo surgery; such a surrogate could allow surgery
to be reserved for use as salvage therapy if needed rather
than being used in all cases. Until recently, no combinations
of clinical variables, imaging findings (13-15), or
biomarkers (16,17) had been identified that can accurately
and reliably predict which patients will achieve a pCR. To
address this need, a nomogram comprising five clinical
variables was recently developed that can collectively predict
pCR after trimodality therapy with 260% probability: (I)
sex; (II) baseline T status (by endoscopic sonography); (I1I)
tumor grade; (IV) standardized uptake values (SUVs) on
positron emission tomography (PET) after chemoradiation;
and (V) esophagogastroduodenoscopy (EGD)-guided
biopsy findings after chemoradiation (18). For the current
study, we hypothesized that this same nomogram pCR score
can also predict clinical outcomes in patients treated with
definitive chemoradiation alone, and our aim was to further
validate this nomogram for future use in clinical decision-
making.

Patients and methods
Patients

In this retrospective analysis, we identified 333 patients
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who received definitive chemoradiation for stage IB-IVA
esophageal carcinoma at a single institution from 1998
through 2010. All patients had no evidence of distant
metastases at presentation, all had received definitive
concurrent chemoradiation, with or without induction
chemotherapy, and all had complete information on all of
the variables required for the pCR nomogram (Figure SI).
The 333 patients were separated into two groups according
to the median pCR nomogram score: those with score <125
(n=183) and those with score >125 (n=150). Disease was
staged according to the 6" [2002] edition of the American
Joint Committee on Cancer staging system. All analyses
were approved by the appropriate institutional review

board.

Chemoradiation treatment

Chemotherapy consisting of a fluoropyrimidine (IV or
oral) and either a platinum compound or a taxane was given
concurrently with radiation therapy to a median dose of
50.4 Gy (range, 25-66 Gy), delivered in daily 1.8-Gy
fractions on Monday-Friday. Radiation was delivered by
3-dimensional conformal radiation therapy (3D-CRT),
intensity-modulated radiation therapy (IMRT), or proton
beam therapy (PBT) techniques. A total of 122 (36.6%)
patients also received induction chemotherapy.

Nomog'mm score and outcome measures

As noted, the nomogram scores were based on five clinical
variables: (I) sex; (II) baseline T status (by endoscopic
sonography); (III) tumor grade; (IV) SUV of the primary
tumor by PET after chemoradiation; and (V) EGD biopsy
results after chemoradiation (18). The total number of
points on the nomogram ranges from 0 to 180; in the
original study, a nomogram score of >160 was found to
predict pCR with 260% probability. However, because very
few patients in our dataset had a nomogram score >160,
we used the median score of the entire group of 125 as the
cutoff point for our current analysis.

Dates of death were determined from the medical
records and the Social Security Death Index. OS was
calculated from the date of diagnosis to the date of death or
last follow-up. Disease-free survival (DFS) was calculated
from the date of diagnosis to the date of documented
disease recurrence. Patients who had not experienced
progression or recurrence or had died by the last follow-up
were censored.
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Table 1 Patient, tumor and treatment characteristics

o Score Score All
Characteristic . P value
<125 >125 patients
No. of patients 183 150 333 =
Sex <0.001
Female 14 53 67
Male 169 97 266
Ethnicity 0.591
Caucasian 153 132 285
Other 30 18 48
Age at Dx, y 0.563
Median 66 67 66
Mean 65.09 66.56 65.75
Smoking at Dx 0.815
No 149 119 268
Yes 34 29 63
Tumor histology 0.001
Adeno 143 94 237
Squamous 36 56 92
Other 3 0 3
Tumor differentiation <0.001
Well 2 2 4
Moderate 40 100 140
Poor 141 48 189
Overall clinical stage <0.001
1B 0 8 8
Il 50 54 104
1] 105 79 184
IVA 24 7 31
Clinical T status <0.001
T1 2 10 12
T2 6 25 31
T3 173 99 271
T4 1 15 17
Clinical N status 0.058
NO 49 56 105
N1 129 93 222
Clinical M status 0.005
MO 157 143 300
Mia 24 7 31
Induction chemo 0.104
NO 85) 39 74
Yes 73 49 122
Radiation modality 0.753
3D conformal 65 25 60
IMRT 113 93 206
Proton 34 82 66
Total dose, Gy 0.129
Median 50.4 50.4 50.4

IMRT, intensity-modulated radiation therapy; Dx, diagnosis.
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Statistical analysis

Data were collected retrospectively. The nomogram
score was examined as a binary variable (<125 points and
>125 points) as described above. Chi-square or Fisher’s
exact tests were used to compare differences between
nomogram groups with respect to categorical variables.
Wilcoxon rank-sum tests or Kruskal-Wallis tests were
used to assess associations between nomogram group
and continuous variables. Multivariable Cox regression
tested the association between clinical outcomes (OS,
locoregional recurrence, and distant metastasis) and
patient or treatment factors and the pCR nomogram score.
The individual variables for the nomogram score were
not re-introduced in the multivariable analysis. Survival
curves were constructed with the Kaplan-Meier method
and compared between nomogram groups with the
log-rank test. The clinical variables for the multivariable
cox regression model were selected by backward selection
with an adjusted P value <0.05.

Results
Patient, tumor, and treatment characteristics

Table 1 summarizes patient, tumor, and treatment
characteristics. The median age at diagnosis was 66 years;
most patients were white men; most tumors were
adenocarcinomas of moderate to poor differentiation; and
most patients had stage II or III disease. Compared with
patients with <125 nomogram points, patients with >125 points
were more likely to be female, to have squamous cell
carcinomas of well- or moderately differentiated histology,
and to have lower stage disease (P for all <0.05). In terms of
characteristics after chemoradiation, patients with >125 points
(vs. those with <125) were more likely to have shown a
complete response (CR) on PET/computed tomography
(CT), to have had lower SUV,

evidence of residual cancer cells in EGD biopsy samples

values, and to have had no

max

obtained after chemoradiation (data not shown).

Survival outcomes

The median follow-up time for all patients was 18.2 months
(30.7 months for those alive at the time of this analysis).
The median OS, DFS, locoregional failure-free survival,
and distant metastasis-free survival times for the entire
group were 31.4, 10.7, 31.8, and 35.3 months. When
patients were stratified by <125 vs. >125 nomogram
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Figure 1 Pathologic complete response (pCR) nomogram score predicts disease outcomes for patients with esophageal cancer after

definitive chemoradiation. Nomogram scores predicted (A) overall survival (OS); (B) disease-free survival (DFS); (C) locoregional failure

(LRF)-free survival; (D) distant metastasis-free survival (DMFS) after definitive chemoradiation therapy. The cut-off point, 125, was the

median value for the entire patient cohort.

points, the corresponding median OS times were 19.7 vs.
48.2 months, DFS times 6.1 vs. 31.1 months, locoregional
failure-free survival times 17.7 months vs. not reached, and
distant metastasis-free survival times 11.7 months vs. not

reached (P for all <0.001) (Figure I).

Univariate analysis

On univariate analysis, older age at diagnosis, shorter tumor
length, lower overall disease stage (I/II vs. III/IV), lower
baseline T status (T'1/2 vs. T3/4), node-negative disease,
lower baseline PET SUV, CR in the primary tumor on
restaging PET/CT at 3 months after chemoradiation
therapy, and absence of cancer cells on the EGD biopsy
specimens obtained after chemoradiation were also associated
with improved OS, locoregional failure-free survival, and
distant metastasis-free survival outcomes (P<0.05). These
and additional factors associated with improved locoregional-
failure free survival and prolonged distant metastasis-free
survival are shown in Tible 2.
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Multivariate analysis

Variables were selected for inclusion in multivariate analysis
on the basis of their significance in the univariable analysis;
other factors known to predict prognosis were included as
well. As noted previously, the individual clinical variables
constituting the five components of the nomogram score
(sex, baseline T status, tumor grade, PET SUV and EGD
biopsy results after chemoradiation) were not re-introduced
in the multivariable analysis. In multivariable Cox
regression analysis, the nomogram cutoff score remained an
independent predictor of all survival outcomes even after
adjusting for other prognostic factors (7able 3).

Discussion

In this study, we found that the pCR nomogram score,
developed from patients treated with trimodality therapy (18),
also predicted clinical outcomes in patients who did not
undergo surgery. The nomogram score along with other
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. Locoregional failure- Distant metastasis-
Overall survival . .
Factor free survival free survival
HR P value HR P value HR P value

Age at diagnosis (continuous) 0.99 0.056 0.97 0.001 0.96 <0.001

Non-white vs. white 1.53 0.032 1.14 0.597 1.26 0.314

Tumor length (continuous) 1.05 0.005 1.05 0.003 1.05 0.001

Disease stage: llII/IV vs. I/l 2.43 <0.001 1.46 0.042 2.75 0.000

Nodal status: node+ vs. node- 2.49 0.000 1.43 0.059 2.70 0.000

Induction chemotherapy: yes vs. no 1.35 0.043 1.25 0.201 1.48 0.019

Baseline PET SUV (continuous) 1.02 0.006 1.02 0.039 1.08 0.000

PET SUV after chemoradiation (continuous) 1.08 0.003 1.16 <0.001 1.05 0.092

Residual disease on EGD after chemoradiation: yes vs. no 3.18 <0.001 5.67 <0.001 4.29 0.000

. Locoregional failure-free  Distant metastasis-free
Overall survival . ]
Factor survival survival
OR P value OR P value OR P value

Age at diagnosis NS NS 0.98 0.025 0.96 <0.001

Disease stage: lll/IV vs. I/l 2.28 <0.001 NS NS NS NS

Nodal status: node+ vs. node- NS NS NS NS 2.63 <0.000

Baseline PET scan: yes vs. no 0.40 0.02 NS NS NS NS

Primary tumor response on PET at 3 mo: < PR vs. CR NS NS 1.63 0.029 1.98 0.011
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known prognostic factors such as clinical disease stage,
independently predicted OS, locoregional control, and
distant metastasis-free survival. The five factors used in the
pCR nomogram score seem to represent a set of clinical
and tumor-specific variables that distinguish favorable from
less-favorable disease, pointing to the possibility that this
set of factors could help in the choice of treatment after
chemoradiation.

Preoperative chemoradiation followed by surgery is
currently considered the standard of care over surgery
alone in the United States and elsewhere based on results
of the CROSS trial (4). However, the role of surgery after
chemoradiation has been controversial because of two
trials that failed to show an OS benefit from the addition
of surgery to chemoradiation (19,20). However, the
high perioperative mortality rate in these trials (8-12%)
may have obscured a survival benefit in the surgical group.
Certainly esophagectomy improves local control by
resecting disease that did not respond to chemoradiation;
however, esophagectomy comes at the price of
significant perioperative morbidity, including pulmonary,
gastrointestinal, and wound-healing complications (8). It is
therefore desirable to avoid surgery for patients who achieve
pCR after chemoradiation, if a reliable surrogate method of
identifying pCR other than surgery can be identified.

Significant effort has been expended to identify molecular
biomarkers of clinical response. Molecular analyses of
pretreatment biopsy specimens may help to identify
tumors that will not respond well to chemoradiation;
for example, two groups have shown that specimens
expressing high levels of NF-kB predicted poorer pCR
rates and more aggressive tumor biology (lymph node
metastasis, perineural and vascular invasion) (16,21).
Further, tumors that express low levels of NF-kB
before therapy but higher levels after chemoradiation
were also associated with poorer prognosis (22).
Other investigators have found a 3-gene “signature” to
predict pathologic response (17,23). However, marker
studies are limited in that assessments of gene expression
depend on the condition of the tissues and how they are
collected and processed, and the findings thus may not be
generalizable to those of other studies. Another approach
using imaging-based biomarkers may circumvent potential
problems with tissue collection and handling bias. For
example, several groups have shown that PET SUV_, after
treatment is a good predictor of pCR (13,15,24). However,
a meta-analysis of several esophageal-cancer trials showed
that fluorodeoxyglucose (FDG)-based PET has a predictive
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value of only about 70% (25). Diffusion-weighted magnetic
resonance imaging (MRI), at baseline and at 2 weeks
after the start of chemoradiation, has been shown to be
highly accurate for predicting pathologic response (26,27).
However, any biologic imaging technique will require
prospective validation before it can be used to stratify
patients for treatment intensification or for predicting pCR.
We believe that the best predictors of response will come
not from one set of marker or imaging correlates but rather
from a combination of clinical and tumor response factors
(as we included in the pCR nomogram), a variety of tumor-
specific imaging findings, and molecular biomarkers.

The limitations of this study are the retrospective nature
of the analysis and our need to restrict the analysis to
patients who had information available on all five factors
used to create the nomogram score. This restriction could
have introduced bias in terms of excluding patients who
did not have these tests because of poor condition or early
death, which would have artificially improved the outcomes
of the study cohort relative to all patients who received
chemoradiation during the same period. Nevertheless, the
nomogram score was still able to separate patients into
risk groups, which underscores the robustness of this tool.
Another limitation is that the factors used to build the
nomogram may not be fully exportable to other centers.
Some factors represent procedures that are standard at
our institution, such as repeat endoscopy and biopsy
after chemoradiation and repeat FDG-PET staging after
treatment, but these procedures may not be considered
standard practice elsewhere. Further research is needed to
determine if other more generalizable factors could be used
to generate a predictive nomogram.

In conclusion, the pCR nomogram score independently
predicted survival outcomes after definitive chemoradiation
therapy for esophageal cancer. It successfully stratified
patients into low-risk and high-risk groups, with the latter
developing rapid systemic and local relapses. The pCR
nomogram score may be helpful for identifying patients at
higher risk of relapse who may benefit from clinical trials of
intensified therapy.
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Figure S1 Nomogram for predicting pathologic complete response (pCR) nomogram [reused with permission (18)]. PET, positron emission

tomography; SUV, standardized uptake value; CR, complete response; EGD, esophagogastroduodenoscopy.



