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How well does pathologic stage predict survival for esophageal
adenocarcinoma after neoadjuvant therapy?
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Background: Cancer staging systems are designed to predict survival and stratify patients. The 7 edition
of the American Joint Commission on Cancer (AJCC?7) staging system for esophageal cancer was modeled
using survival data on patients who underwent esophagectomy without induction or adjuvant therapy. In
the United States, the standard of care for patients with locally advanced tumors often includes neoadjuvant
therapy. The prognostic value of the pathologic stage for these patients is unknown.

Methods: Data from the Surveillance Epidemiology and End Results (SEER) were used to identify
1,243 patients with adenocarcinoma of the esophagus who underwent surgery after neoadjuvant therapy from
1988-2009. Included in the analysis were pathologically-staged, non-metastatic patients who had radiation
as part of their neoadjuvant therapy. The AJCC7 staging system and an alternate system were modeled using
Kaplan-Meier survival methods. The two systems were compared using log-rank chi-squared statistics, with
large chi-squared values indicating accuracy in survival prediction.

Results: The AJCC staging system was able to predict survival for patients who had neoadjuvant therapy
(P<0.001, chi-squared =81.8); however, there was little distinction between stage subgroups. Patients with
neoadjuvant radiotherapy had improved survival for pathologic stage II and III disease. An alternative, simpler
staging system was better able to stratify patients with neoadjuvant therapy (P<0.001, chi-squared =100.5).
Conclusions: The current AJCC staging system is able to predict survival in esophageal adenocarcinoma
patients undergoing neoadjuvant therapy, however, there is less distinction among stage subgroups. An

alternative, simpler stage grouping may better stratify patients receiving neoadjuvant therapy.

Keywords: Esophageal cancer; esophageal neoplasms/pathology; radiotherapy; Surveillance Epidemiology and
End Results (SEER) program; neoadjuvant therapy

Submitted Mar 18, 2015. Accepted for publication Mar 18, 2015.
doi: 10.3978/j.issn.2072-1439.2015.04.30
View this article at: http://dx.doi.org/10.3978/j.issn.2072-1439.2015.04.30

Introduction

The value of a cancer staging system lies in its ability to
predict survival. The 7% edition of the American Joint
Committee on Cancer (AJCC7) Cancer Staging Manual for
esophageal cancer was guided by survival data, using random
forest methodology (1). The staging was constructed based
on characteristics from 4,627 patients from 13 institutions in
five countries who underwent esophagectomy. The majority
of the patdents (n=2,775, 60%) had adenocarcinoma (2). The
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staging was based on patients who were treated with surgery
only, without induction or adjuvant therapy. However,
for patients who present with locally advanced disease,
neoadjuvant chemoradiation has become the standard of
care (3). The prognostic value of the pathologic stage is
unknown for these patients who have received preoperative
radiation treatment. It is unclear whether the prognosis of
a pathologic TINO tumor after radiation is the same as a
T1NO tumor without radiation.

Rizk and colleagues found that the previous edition
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of the AJCC staging system was not a good predictor of
survival in patients receiving multimodality therapy for
esophageal adenocarcinoma, noting that pathologic T
stage was not closely associated with survival (4). Another
study examining clinical staging of esophageal squamous
cell cancer (SCC) treated with definitive chemoradiation
found that the 7 edition staging system did not accurately
stratify survival for patients with advanced stages, indicating
that the staging may be less accurate for patients receiving
chemoradiation as opposed to surgery alone (5).

Many patients experience pathologic downstaging after
chemoradiation, although some have no response (6).
The prognostic importance of the pathologic stage after
receiving neoadjuvant chemoradiation is unknown (7).
Therefore, we explored the prognostic accuracy of the
7" edition AJCC staging system for esophageal cancer in
a large, population-based cancer registry, which includes
patients who received multimodality therapy.

Methods
Patient selection

Patient data contained within the Surveillance Epidemiology
and End Results (SEER) dataset was analyzed. The SEER
catchment area covers approximately 28% of the US and
the dataset contains both clinicopathologic information as
well as outcome data (overall survival and disease specific
survival). Tumor location, grade, and histology were coded
according to the International Classification of Diseases
for Oncology (ICD-0), version ICDO-3. Tumor stage was
coded according to AJCC TNM staging system, 7™ edition.
Given the lack of patient specific identifying information,
IRB approval was waived.

From 1988 to 2009, a total of 52,785 patients with
esophageal cancer were identified. Our analysis was restricted
to patients with the following characteristics: age >18, disease
stage groups I-III, adenocarcinoma histology (ICD-O
codes 8140-8151, 8154-8231, 8243-8245 or 8250-8576),
had undergone surgical resection, did not receive adjuvant
radiation, and who were definitively pathologically staged.
To ensure that patients were in fact pathologically staged,
we excluded anyone who was stage N1 or above but had 0
examined nodes, 0 positive nodes or an unknown positive node
status. In addition, anyone who had a SEER extension or node
classification code defined as “does not meet criteria for AJCC
pathologic staging” was excluded. Lastly, anyone diagnosed
from July 1 to December 31, 2005 in a Hurricane Katrina
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impacted area was excluded (n=6). In total, 4,529 patients
were included in the analysis.

Statistical analysis

The primary purpose of this study was to explore the
prognostic accuracy of the 7" edition AJCC staging system
as it pertains to esophageal cancer patients, specifically
those who underwent resection with or without neoadjuvant
radiation. Patients were compared across neoadjuvant
radiation groups (none vs. any) using a Student’s #-test for
continuous variables and a chi-squared test for categorical
variables. Missing and unknown values were excluded in
the variable specific analyses. Kaplan-Meier survival curves
were used to calculate median, 2- and 5-year survival
rates, with the log-rank test used to determine statistical
differences across groups. Survival was calculated from
the date of diagnosis until the date of death if the patient
had died. If the patient was alive at last contact, the patient
was censored at the date of last contact. For all statistical
analyses, SAS software was used. P values cited herein
are two sided with those values less than 0.05 considered
statistically significant.

Results

From 1988-2009, 4,529 patients in the database met
inclusion criteria; 1,243 patients received preoperative
radiation and 3,286 did not (7able 1). Patients receiving
preoperative radiation were younger (P<0.0001) and had
higher grade tumors (P<0.001). Less than a third (380/1,243)
of the patients in the radiation group had pathologic
T1 tumors compared to nearly half (1,534/3,286) in the
other group. A slightly lower percentage of patients in the
radiation group had NO disease (58% vs. 63%).

For those patients who underwent surgery without
preoperative radiation, the 7" edition AJCC staging system
for adenocarcinoma was an excellent predictor of survival
(log-rank chi-squared =1,164.7). There was good separation
of all stages and stage sub-groupings (Figure 1A4). For
patients who underwent surgery after radiation, the staging
system was not as accurate for prediction of survival and
there was less distinction among stage subgroups (P<0.001,
log-rank chi-squared =81.8). Of note, median survival was
greater for patients with stage IIIC than patients with IIIB
disease (Figure 1B).

When comparing the stage specific survival for patients
who received preoperative radiation and those who did not,
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Characteristics No preoperative radiation, N (%) Preoperative radiation, N (%) P value

Sex 0.0411
Men 2,881 (87.7) 1,117 (89.9)
Women 405 (12.3) 126 (10.1)

Location <0.0001
Lower 2,751 (83.7) 1,110 (89.3)
Middle 246 (7.5) 68 (5.5)
Upper 40 (1.2) 3(0.2)

T stage group <0.0001
T 182 (5.5) 240 (19.3)
Tla 641 (19.5) 62 (5.0)
T1b 711 (21.6) 78 (6.3)
T2 529 (16.1) 210 (16.9)
T3 940 (28.6) 507 (40.8)
T4 283 (8.6) 146 (11.7)

AJCCY7 stage <0.0001
IA 1,015 (30.9) 174 (14.0)
=] 546 (16.6) 202 (16.3)
A 129 (3.9) 58 (4.7)
IIB 554 (16.9) 323 (26.0)
A 418 (12.7) 274 (22.0)
1B 222 (6.8) 92 (7.4)
Inc 402 (12.2) 120 (9.7)
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Figure 1 (A) Kaplan-Meier survival curves for patients without preoperative radiation based on 7™ edition AJCC stage. Log rank

P value <0.0001, chi-square =1,164.7; (B) Kaplan Meier survival curves for patients with preoperative radiation based on 7" edition AJCC

stage. Log-rank P value <0.0001, chi-square =81.8. AJCC, the American Joint Commission on Cancer.

Table 2 Pathologic stage specific Kaplan-Meier survival estimates for patients with and without preoperative radiation

No preoperative radiation

Preoperative radiation

AJCC7 P value
Median survival 5-year Median survival 5-year survival
stage N (%) . N (%)
years (95% CI) survival (%) years (95% Cl) (%)
1A 115 (30.9) 10.2 (8.8-11.8) 69 174 (14.0) 4.4 (3.1-7.1) 48 <0.0001
1B 546 (16.6) 5.7 (4.8-7.4) 58 202 (16.3) 3.8(2.9-5.4) 45 0.0237
A 129 (3.9) 2.7 (1.9-3.7) 31 58 (4.7) 3.3 (1.4-9.1) 43 0.1851
1IB 554 (16.9) 2.2 (1.9-2.5) 28 323 (26.0) 2.6 (2.1-3.3) 34 0.0405
1A 418 (12.7) 1.3(1.1-1.4) 14 274 (22.0) 1.8 (1.6-2.1) 23 <0.0001
1B 222 (6.8) 0.9 (0.8-1.2) 5 92 (7.4) 1.3(1.1-1.6) 16 0.0028
e 402 (12.2) 0.8 (0.7-0.8) 8 120 (9.7) 1.5(1.3-1.8) 15 <0.0001

AJCC7, 7" edition of the American Joint Commission on Cancer.

we found that survival for patients with pathologic stage 1
was better for those who did not receive radiation, whereas
for stages II and III, survival was significantly improved for
patients who had radiation (7able 2).

Recognizing the lack of distinction among stage
subgroups, we investigated whether an alternative, simpler
stage grouping could better stratify patients who had
preoperative radiation (7able 3). We selected the stage
groupings to reflect the finding that patients with N2 and
N3 disease had similarly poor prognosis regardless of T
stage. This alternative staging system had an improved
chi-squared value of 100.5 (Figure 2). The alternative
staging system worked well to stratify patients in the non-
radiated group as well (log-rank chi-squared =1,103).

Conclusions

The goal of a staging system for cancer is to group patients
with similar prognosis. Rice and colleagues define the
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attributes of a good staging system as: decreasing patient
survival with increasing stage group (monotonicity),
difference in survival between groups (distinctiveness),
and similar survival within a group (homogeneity) (1).
Our analysis of the SEER dataset reveals that the
current, 7" edition AJCC staging system for esophageal
adenocarcinoma is an excellent staging system for patients
who did not receive preoperative radiation, possessing all
the aforementioned attributes. This study is the largest
validation of the staging system. Indeed, the control group
included more patients with adenocarcinoma than the
original WECC database on which the staging was based
(3,286 vs. 2,775).

For those patients who received preoperative radiation
therapy, the staging system was far less predictive of
survival, with a significantly lower chi-square value. In
particular, there was less distinctiveness among subgroups.
Part of this was a reflection of a narrower distribution in
survival across all groups. The 5-year survival for stage
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Table 3 Proposed alternative pathologic staging for esophageal

adenocarcinoma after neoadjuvant radiotherapy

Stage T N M
| T1-2 NO MO0
1A T1-2 N1 MO0

T3 NO MO0
1B T3-T4 N1 MO0

T4 NO MO0
1l Any N2-3 MO0
\Y, Any Any M1

1.0

Survival: median, 2-yr, 5-yr
0.9 — | (n=434): 3.9 yrs, 66%, 46%

: —IIA (n=323): 2.6 yrs, 57%, 34%
—IIB (n=272): 1.9 yrs, 47%, 26%
0.8 — Il (1=214): 1.3 yrs, 30%, 12%

Survival probability
o
[9)]

Log-rank P value=<0.0001; X?=100.5
0.0% . - - - - - - - -
0 1 2 3 4 5 6 7 8 9 10

Overall survival (years)

Figure 2 Kaplan-Meier survival curves demonstrating stage
specific survival using an alternative staging system for patients
who received preoperative radiation. Log-rank P value <0.0001,

chi-square =100.5.

IA was only 48% in the radiotherapy group compared to
63% in the non-radiated group. Conversely, the 5-year
survival for stage IIIC patients was 15% in the radiated
group compared to 4% in the non-radiated group. Thus,
for patients receiving pre-operative radiation, there was
only a 33% absolute survival difference at 5 years between
the earliest and most advanced stages. This is compared to a
59% absolute survival difference in the non-radiated group.

A stage specific comparison of the non-radiated and
radiated groups shows that survival for pathologic stage
I patients was worse in the radiated group. Presumably,
there was some stage migration and these patients were
downstaged with pre-operative therapy, since neoadjuvant
therapy is not generally given for patients with stage I
disease. Alternatively, these patients may have been clinically
overstaged, but this is relatively unlikely because the rate of
clinical overstaging from stage I to stage II or higher is low (8).
Regardless, the data does indicate that pathologic stage I
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after chemoradiation does not confer the same prognosis as
a pure pathologic stage I tumor.

In contrast, radiated patients with pathologic stage II and
III disease have improved survival compared to non-radiated
patients. Numerous randomized clinical trials have now
shown that patients with locally advanced disease have
improved survival with multimodality therapy compared to
surgery alone (9-12). Patients with a pathologic complete
response had the most benefit from neoadjuvant therapy.
However, the data from our study indicate that the
improvement in survival is not simply due to downstaging.
At the more advanced pathologic stages (Il and III), there
appears to be improved survival for patients who received
neoadjuvant radiation.

The relatively narrow distribution in survival among all
the patients who receive preoperative radiation may have
widened if the study had included neoadjuvant patients who
had pathologic complete response. However, currently,
there is no pathologic stage for these patients. Nor is
there a pathologic stage for patients who are ypTONI.
Our observation that there was a loss of distinctiveness
among stage subgroups led us to explore the accuracy of a
different, simpler staging system for patients who received
neoadjuvant radiation. Having a separate staging system
for these patients would undoubtedly complicate things for
clinicians, however the alternative staging system does help
illustrate the decreased precision and decreased predictive
ability of the AJCC staging system for patients receiving
multimodality therapy. This is an important consideration
as multimodality therapy becomes the standard of care for
locally advanced esophageal cancer.

Our conclusions are limited by the information
available in the dataset. The SEER database does not
include information about neoadjuvant chemotherapy.
Therefore some of the patients in the non-radiated group
likely received neoadjuvant chemotherapy. In addition,
it is unclear how many of the patients in the neoadjuvant
radiation group received chemoradiation vs. radiation alone.
Because neoadjuvant radiation alone is not a common
practice, this is unlikely to be a significant number. Finally,
the database only includes information about whether the
radiation was given before surgery, not the exact timing or
intent of the radiation. Thus, we do not know how many of
the patients in the preoperative radiation group actually had
surgery as salvage treatment, as opposed to planned surgery
after neoadjuvant therapy.

Regardless, the main conclusions of our study remain
valid. After patients receive radiation, the final pathologic
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stage has different prognostic significance compared to
patients who have surgery alone. Patients with pathologic
stage 1T or IIT after radiation and surgery have better survival
than patients with pathologic stage II or III after surgery
alone. As more patients receive multimodality therapy for
esophageal cancer, it will be important to develop better
ways to predict prognosis for these patients.
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