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ABSTRACT

Background. This study aimed to investigate the associ-
ation between pathologic stage and recurrence risk and
survival for patients with esophageal squamous cell carci-
noma (SCC) after neoadjuvant chemoradiotherapy (CRT).
Methods. This retrospective analysis consisted of two
patient cohorts who had esophageal SCC treated with
neoadjuvant CRT and esophagectomy at two major aca-
demic institutions between 2002 and 2015. The study
included 174 patients in the training cohort and 51 patients
in the validation cohort. Recurrence pattern, frequency, and
survival according to pathologic stage were analyzed.

Sha Zhou and Shiliang Liu have been contributed equally to this work.

Electronic supplementary material The online version of this
article (https://doi.org/10.1245/s10434-018-6736-7) contains
supplementary material, which is available to authorized users.

© Society of Surgical Oncology 2018

First Received: 19 March 2018;
Published Online: 7 September 2018

S. H. Lin, MD, PhD
e-mail: shlin@mdanderson.org

M. Xi, MD
e-mail: ximian@sysucc.org.cn

Results. After surgery, patients in the training cohort had
the following pathologic categories: stage 0 (44.8%,
n =178), stage 1 (6.9%, n = 12), stage 2 (35.6%, n = 62),
and stage 3 (12.6%, n = 22). During a median follow-up
period of 53.9 months, recurrences developed in 59
patients. The recurrence rates were 22.2% for stages 0 and
1, 38.7% for stage 2, and 68.2% for stage 3 (stages 0 and 1
vs. stage 2 [P =0.028], stages 0 and 1 vs. stage 3
[P < 0.001], and stage 2 vs. stage 3 [P = 0.017]). More
than 20% of patients with stages 0 and 1 or 2 disease
experienced late relapses after 3 years of follow-up eval-
uation, whereas all the patients with pathologic stage 3 had
recurrences within 2 years. The 5-year recurrence-free
survival rate was 74.7% for the patients with pathologic
stage O or 1, 61.4% for those with stage 2, and 20.9% for
those with stage 3 disease (P < 0.001). These major find-
ings were successfully reproduced in the Western
validation cohort.

Conclusions. Patients with a higher pathologic stage were
associated with a significantly higher risk of recurrences
and worse survival. Multicenter and prospective validation
is warranted.

As the sixth leading cause of cancer-related death
worldwide, esophageal cancer (EC) is an aggressive
malignancy with a poor prognosis.' Based on results from
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randomized phase 3 trials and meta-analyses, neoadjuvant
chemoradiotherapy (CRT) followed by surgery has been
the standard of care for locally advanced EC.2™ However,
despite improvement in locoregional control and distant
failure by neoadjuvant treatment, EC remains associated
with rather high recurrence risk, showing recurrence rates
of 31-50%.

It has been well demonstrated that salvage treatment
could provide survival benefits for EC patients, irrespective
of the recurrence pattern.”'® Therefore, considering the
high risk of recurrences and cost effectiveness of EC after
trimodality therapy, an appropriate risk-based surveillance
strategy for timely detection of relapses has significant
clinical implications. Nevertheless, the current surveillance
principles remain controversial and do not take into
account histologic type or pathologic tumor-node-metas-
tasis (TNM) stage.1I Previous studies have documented
that pathologic stage using the 7th TNM staging system
could predict overall survival (OS) and recurrence-free
survival (RFS) for patients with esophageal adenocarci-
noma after neoadjuvant therapy.'>'*

Given the differences in etiology, epidemiology, and
clinical characteristics between esophageal adenocarci-
noma and squamous cell carcinoma (SCC), it is unjustified
to generalize the outcomes to another histologic type.'?
Moreover, a recent comparative genomic study showed
some important disparities of esophageal SCC between
Asian and Caucasian patient populations,'® suggesting that
the clinical results also may differ between these two
populations.

Detailed reports documenting recurrence risk stratifica-
tion in esophageal SCC after neoadjuvant treatment are
scarce in the literature. The primary purpose of this study
was to investigate the association of pathologic stage with
recurrence risk and survival outcomes for patients with
esophageal SCC who received neoadjuvant CRT followed
by surgery. We also aimed to assess whether the clinical
outcomes of esophageal SCC for Chinese patients could be
reproducible in Western populations using an external
validation study.

PATIENTS AND METHODS
Patients

As the training cohort, all consecutive patients with EC
who underwent neoadjuvant CRT followed by
esophagectomy from the prospectively maintained data-
base at Sun Yat-sen University Cancer Center (SYSUCC)
between January 2002 and May 2015 were retrospectively
analyzed. All the patients had histologically proven and
resectable thoracic esophageal SCC with stage cTIN +

MO or c¢T2-4aN0-3MO according to the 7th TNM staging
system of the American Joint Committee on Cancer
(AJCC)."” Patients with macroscopically incomplete
resection, those who died before hospital discharge, and
those with incomplete records were excluded from the
study.

For external validation, an independent cohort of
patients with esophageal SCC who satisfied the inclusion
criteria at the University of Texas MD Anderson Cancer
Center (MDACC) between January 2001 and February
2015 were analyzed. This study was approved by the
institutional review boards of both institutions, and
informed consent was waived due to its retrospective
nature.

All the patients had pretreatment evaluations including
complete history, physical examination, standard labora-
tory tests, esophagogastroduodenoscopy (EGD) with
endoscopic ultrasound (EUS) and biopsies, chest/abdomi-
nal computed tomography (CT), and/or positron emission
tomography (PET). Each patient was evaluated by a mul-
tidisciplinary team before initiation of treatment according
to institutional practice guidelines.

Treatment

All the patients in both the training and validation
cohorts received concurrent platinum- or taxane-based
chemotherapy during radiotherapy, and a fraction of the
patients at MDACC received two to four cycles of induc-
tion chemotherapy before neoadjuvant CRT. Radiation was
delivered using three-dimensional conformal radiotherapy
(3DCRT), intensity-modulated radiotherapy, or proton
beam therapy. Gross tumor volume (GTV) was defined as
the primary tumor and positive lymph nodes on CT, EUS,
and/or PET/CT. Clinical target volume was defined as the
GTV plus 3-cm proximal and distal margins and a radial
margin of 0.5-1.0 cm. The typical prescribed dose was
40 Gy in 20 fractions with 2 Gy per fraction once daily at
SYSUCC, whereas the standard prescribed dose was
50.4 Gy in 28 fractions at MDACC.

Surgery was performed approximately 6-8 weeks after
the completion of CRT. The surgical methods consisted of
Ivor-Lewis esophagectomy, transhiatal three-field tech-
nique, and minimally invasive esophagectomy, as
determined by the operating team. The pathologic stage
was evaluated by two experienced pathologists. Pathologic
complete response (pCR) was defined as complete absence
of residual cancer cells in all layers of the esophagus and in
the lymph nodes resected.
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Follow-Up Assessment and Recurrences

After completion of treatment, patients were routinely
followed up every 3 months during the first year, then
every 6 months for the next 2 years, and yearly thereafter
until 5 years in both the training and validation cohorts.
The follow-up examinations included blood tests, periodic
EGDs, chest/abdominal CT, and/or PET/CT. The pattern of
first recurrence was used to classify locoregional or distant
recurrence, which was established on histologic, cytologic,
or explicit radiologic proof. Locoregional recurrences
(LRRs) included recurrences within the esophagus or
regional lymph nodes, whereas distant recurrences inclu-
ded non-regional lymph node metastases (supraclavicular
and para-aortic nodes), distant organ metastases, and
peritoneal carcinomatosis.

Statistical Analysis

Follow-up and survival times were defined from the date
of surgery. The study calculated OS from the date of sur-
gery until all-cause death or last follow-up visit, and RFS
was defined as the interval between the date of surgery and
the first event of disease recurrence. Patients who experi-
enced recurrences before death also were counted as
events.

The Kaplan—-Meier method was used to analyze OS and
RFS, and the Wilcoxon test was used to analyze the dif-
ferences in survival distributions between cohorts.
Statistical analyses were performed using SPSS 22.0 soft-
ware (SPSS Inc., Chicago, IL, USA). All P values lower
than 0.05 were considered statistically significant.

RESULTS
Patient Characteristics

Of the 207 patients who underwent neoadjuvant CRT
followed by esophagectomy at SYSUCC between 2002 and
2015, 34 patients were ineligible (8 due to macroscopically
incomplete resection, 4 due to in-hospital death, and 21 due
to incomplete records). The patient and treatment charac-
teristics of 174 patients eligible for analysis in the training
cohort are summarized in Table 1. The median age of this
cohort was 55 years (range 4273 years), and most tumors
were located in the upper/middle third of the esophagus
(79.3%). At baseline staging, 132 patients (75.9%) had
stage 3 disease. The majority of the patients (81.6%) were
treated with 3DCRT, and the median radiation dose was
40.0 Gy (range 40.0-50.4 Gy).

After neoadjuvant CRT, all the patients underwent
esophagectomy within a median interval of 6.4 weeks
(range, 3.9-13.3 weeks). After histopathologic

3641
TABLE 1 Patient characteristics of the training cohort
Characteristic Total
(n=174)
n (%)

Median age: years (range) 55 (42-73)
Sex

Male 146 (83.9)

Female 28 (16.1)
ECOG performance status

0 86 (49.4)

1-2 88 (50.6)
Weight loss (%)

<10 159 (91.4)

> 10 15 (8.6)
Histologic grade

Gx/G1/G2 128 (73.6)

G3 46 (26.4)
Tumor location

Upper/middle 138 (79.3)

Distal/GEJ 36 (20.7)
Primary tumor length (cm)

<5 88 (50.6)

>5 86 (49.4)
Clinical T stage

T1-12 34 (19.5)

T3-14 140 (80.5)
Clinical N stage

NO 14 (8.0)

N+ 160 (92.0)
Clinical TNM stage

12 42 (24.1)

3 132 (75.9)
Induction chemotherapy

Yes 0 (0.0)

No 174 (100.0)
Concurrent chemotherapy regimen

Cisplatin/vinorelbine 114 (65.5)

Cisplatin/fluorouracil 37 (21.3)

Cisplatin/docetaxel 23 (13.2)

Radiation dose (Gy)
Median (range) 40.0 (40.0-50.4)

Radiotherapy modality

3DCRT 142 (81.6)

IMRT 32 (18.4)
No. of lymph node examined

Median (IQR) 22 (16-29)

No. of positive lymph node examined (for N +)

Median (IQR) 1 (1-3)

ECOG Eastern Cooperative Oncology Group, GEJ gastroesophageal
junction, TNM tumor-node-metastasis, 3DCRT three-dimensional confor-
mal radiation therapy, IMRT intensity-modulated radiation therapy, IQR
interquartile range
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examination, 78 patients (44.8%) achieved a pCR, and the
remaining patients had the following characteristics: stage
1 (6.9%, n =12), stage 2 (35.6%, n = 62), and stage 3
(12.6%, n = 22). The comparison between clinical and
pathologic stage is shown in Table S1. Patients with clin-
ical stage 1 or 2 disease had a higher pCR rate than those
with stage 3 disease, but the difference was not statistically
significant (52.4% vs. 42.4%; P = 0.258).

Follow-Up and Recurrences

The median follow-up period was 53.9 months for sur-
vivors in the training cohort, and 61 patients (35.1%) had
died at the time of analysis. During the follow-up period,
recurrences developed in 59 patients (33.9%). Among these
patients, 66.1% (39 patients) had the recurrences proven
pathologically. Among the 59 patients, 17 (9.8%) experi-
enced LRR only, 32 (18.4%) experienced distant failure
only, and 10 (5.7%) experienced concurrent LRRs and
distant recurrences. For the patients who experienced
recurrences, the median time to the first recurrence was
7.7 months (interquartile range 5.0-19.7 months) after
surgery. The majority of the relapses (84.7%) for these
patients occurred within 3 years after surgery. For the
entire cohort, the 5-year OS rate was 63.7%, and the 5-year
RFS rate was 65.0%.

Pathologic Stage and Recurrence Stratification

Because the total recurrence rates between pathologic
stages 0 and 1 were comparable (P = 0.454), these two
groups were combined for comparison with the other
pathologic categories. As shown in Table 2, the total
recurrence rates in the different pathologic categories were

TABLE 2 Timing and frequency of recurrences in the training cohort

22.2% for stages 0 and 1, 38.7% for stage 2, and 68.2% for
stage 3 disease (P < 0.001), suggesting that patients with a
higher pathologic stage had a significantly higher risk of
recurrences (stages 0 and 1 vs. stage 2 [P = 0.028], stages 0
and 1 vs. stage 3 [P < 0.001], and stage 2 vs. stage 3
[P = 0.017]).

With regard to LRR, the patients with stage 3 disease
had higher recurrence rates than those with stage 0 or 1
(36.4% vs. 8.9%, P = 0.001) or stage 2 disease (36.4% vs.
17.7%; P = 0.073). No statistical difference was noted in
LRR rates between stage 0 or 1 and stage 2 disease
(P = 0.105). However, the risk of distant recurrences was
significantly higher for the patients with stage 2 than for
those with stage O or 1 disease (32.3% vs. 16.7%;
P =0.025). The distant failure rates were comparable
between stages 2 and 3 disease (32.3% vs. 31.8%;
P =0.97).

Recurrence timing and frequency according to patho-
logic categories are summarized in Table 2. More than
20% of the patients with stage 0 or 1 or stage 2 disease
experienced late relapses after 3 years of follow-up eval-
uation, whereas all the patients with pathologic stage 3
disease had recurrences within 2 years. In particular,
62.5% of LRRs occurred within 2 years of follow-up
evaluation for the patients with stage 0 or 1 versus 81.8%
for stage 2 versus 100% for stage 3 disease, suggesting that
LRRs occurred earlier for the patients with higher patho-
logic stage. Regarding distant recurrences, 73.4% of the
recurrences occurred within 2 years after surgery for the
patients with stage O or 1 versus 70% for those with stage 2
disease (P = 1.0). No patients with pathologic stage 3
disease experienced distant failure after 2 years of follow-
up evaluation.

Category Total Recurrences < 12.0 12.1-24.0 24.1-36.0 36.1-48.0 48.1-60.0 > 60.1
Months Months Months Months Months Months
n n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Locoregional recurrences
Pathologic stage 0/1 90 8 (8.9) 5 (62.5) 0 (0.0) 1 (12.5) 2 (25.0) 0 (0.0) 0 (0.0)
Pathologic stage 2 62 11 (17.7) 7 (63.6) 2 (18.2) 19.1) 0 (0.0) 19.1) 0 (0.0)
Pathologic stage 3 22 8 (36.4) 7 (87.5) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Distant recurrences
Pathologic stage 0/1 90 15 (16.7) 10 (66.7) 1(6.7) 2 (13.3) 0 (0.0) 1 (6.7) 1(6.7)
Pathologic stage 2 62 20 (32.3) 12 (60.0) 2 (10.0) 2 (10.0) 1 (5.0 0 (0.0) 3 (15.0)
Pathologic stage 3 22 7 (31.8) 6 (85.7) 1(14.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total recurrences
Pathologic stage 0/1 90 20 (22.2) 13 (65.0) 1 (5.0) 2 (10.0) 2 (10.0) 1 (5.0 1(5.0)
Pathologic stage 2 62 24 (38.7) 14 (58.3) 3 (12.5) 2 (8.3) 14.2) 1(4.2) 3 (12.5)
Pathologic stage 3 22 15 (68.2) 13 (86.7) 2 (13.3) 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0)
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FIG. 1 a Recurrence-free survival and b overall survival according .
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NO 16 (31.4)
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The 5-year RFS rates were 74.7% for those with stage 0 (65.6)
. Clinical TNM stage
or 1, 61.4% for stage 2, and 20.9% for stage 3 disease " 18 35.3)
(stages O and 1 vs. stage 2 [P = 0.039], stages O or 1 vs. 3 3 (64'7)
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disease demonstrated a significantly more favorable OS No 36 (70.6)
than those with stage 2 or 3 disease (stages 0 and 1 vs.  [nquction chemotherapy regimen
stage 2 [P = 0.035], stage 0 and 1 vs. stage 3 [P < 0.001], Taxane/platinum/fluoropyrimidine 9 (17.6%)
and stage 2 vs. stage 3 [P = 0.007]; Fig. 1b). Taxane/fluorouracil 6 (11.8%)
Concurrent chemotherapy regimen
External Validation of Risk Stratification Platinum/fluorouracil 20 (39.2)
Taxane/fluorouracil 25 (49.0)
Table 3 lists the clinical characteristics of the 51 eligible Platinum/taxane 6 (11.8)

patients in the validation cohort. The median age was
63 years (range 43-78 years), and 64.7% of the patients
had stage 3 disease. After neoadjuvant CRT and
esophagectomy, patients in the following pathologic cate-
gories were identified: stage 0 (49.0%, n = 25), stage 1
(5.9%, n = 3), stage 2 (35.3%, n = 18), and stage 3 (9.8%,
n =5) disease. As shown in Table S2, the patients with
clinical stage 1 or 2 disease had a significantly higher pCR
rate than those with stage 3 disease (82.2% vs. 36.4%;
P =0.014).

The median follow-up time was 42.1 months for the
survivors in this cohort, and 30 patients (58.8%) had died at

Radiation dose (Gy)
Median (range) 50.4 (45.0-63.0)

Radiotherapy method

3DCRT 20 (39.2)

IMRT 24 (47.1)

Proton therapy 7 (13.7)
No. of lymph node examined

Median (IQR) 16 (9-28)
No. of positive lymph node examined (for N+)

Median (IQR) 1(1-2)

ECOG Eastern Cooperative Oncology Group, GEJ gastroesophageal junction,
TNM tumor-node-metastasis, 3DCRT three-dimensional conformal radiation
therapy, IMRT intensity-modulated radiation therapy, /QR interquartile range
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FIG. 2 Recurrence-free survival curves according to pathologic
stage for the patients in the validation cohort

the time of the analysis. During the follow-up period, 16
patients (31.4%) experienced recurrences. Of the 16
patients, 6 (11.8%) had LRR only, 7 (13.7%) had distant
failure only, and 3 (5.9%) had concurrent LRRs and distant
recurrences. The total recurrence rates according to
pathologic categories were 14.3% for stages 0 and 1, 44.4%
for stage 2, and 80.0% for stage 3 disease (P = 0.005).
Regarding recurrence frequency, 75% of the recurrences
occurred within 2 years after surgery for the patients with
stage 0 or 1 or stage 2 disease. Similar to the training
cohort, all the patients with stage 3 disease experienced
recurrences within 2 years of follow-up evaluation in the
validation cohort. The 3-year RFS rates were 78.6% for
pathologic stages 0 and 1, 45.4% for stage 2, and 20.0% for
stage 3 disease (P = 0.008; Fig. 2). No significant differ-
ence in survival distributions was noted for any of the
pathologic categories between the training cohort and the
validation cohort (stages 0 and 1 [P = 0.199], stage 2
[P = 0.057], stage 3 [P = 0.554]).

DISCUSSION

The current study evaluating the correlation between
pathologic stage and recurrence risk stratification in eso-
phageal SCC after neoadjuvant CRT demonstrated that
patients with a higher pathologic stage were associated
with a significantly higher risk of recurrences and worse
survival. Additionally, these findings appear generalizable
because this was reproducible in a validation cohort from a
large institution in the United States with vastly different
ethnic backgrounds. Therefore, risk-based surveillance
strategies and clinical decisions could be developed for
different pathologic categories.

The association between pathologic stage and survival
as well as recurrence risk for patients with esophageal
adenocarcinoma has been previously documented.'*"*
Davies et al." indicated that OS was strongly determined
by pathologic stage after neoadjuvant chemotherapy for

esophageal adenocarcinoma rather than by clinical stage at
baseline. Furthermore, Taketa et al.'? studied 518 patients
with esophageal adenocarcinoma and found an excellent
association between pathologic stage and fre-
quency/type/timing of relapses after trimodality therapy.
Regarding esophageal SCC, several studies have shown
that pCR, tumor regression grade, perineural invasion,
lymphovascular invasion, and pathologic lymph node sta-
tus after neoadjuvant CRT are important prognostic factors
for OS.18-20 However, whether these factors can customize
the recurrence risk stratification in SCC is unclear. On this
issue, our study demonstrated that pathologic stage was
associated with both recurrence risk and survival in eso-
phageal SCC after trimodality therapy, which is similar to
adenocarcinoma. Wang et al.?® reported that patients with
pathologic stage 1 disease had survival outcomes compa-
rable with those for patients demonstrating pCR, which is
consistent with our findings. Thus, according to recurrence
risk stratification, we combined pathologic stages 0 and 1
disease and classified patients into three risk categories:
stages 0 and 1, stage 2, and stage 3 disease.

Taketa et al.'? reported that the LRR rates were similar
across all pathologic stages, whereas distant relapses
increased with higher stage for patients who had adeno-
carcinoma treated with neoadjuvant CRT. The detailed
recurrence pattern of SCC differed from that of adenocar-
cinoma. Our results indicated that SCC patients with stage
3 disease had significantly higher LRR rates than those
with stage 0 or 1 or stage 2 disease, indicating that
strategies to reduce the risk of LRRs should be studied for
this high-risk cohort. On the other hand, we found that the
risks of distant failure were comparable between stage 2
and stage 3 disease, suggesting that no specific strategy
might be needed to detect distant relapses for a specific
category in SCC.

A rational surveillance regimen should be defined on the
basis of tumor recurrence risk, timing, and frequency. In
the study reported by Taketa et al.,'> more than 99% of all
recurrences occurred within 3 years of follow-up evalua-
tion for adenocarcinoma patients with pathologic stage O or
1 disease. Therefore, the authors suggested that the
surveillance should be terminated after 3 years for this
cohort. Unlike the findings for adenocarcinoma, our study
showed that 20% of late recurrences occurred 3 years after
surgery for SCC patients with stage 0 or 1 disease. Simi-
larly, 21.4% of SCC patients with stage 2 disease
experienced late relapses after 3 years. In line with our
results, Steffen et al.>! also observed that more patients
with SCC experienced late relapses after 4 years than
patients with adenocarcinoma. Based on these data, follow-
up assessment every 6—12 months from years 3 to 5 may be
warranted for SCC patients with pathologic stage 0, 1, or 2
disease. Compared with patients who have earlier-stage
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disease, SCC patients with pathologic stage 3 disease
tended to experience recurrences not only significantly
sooner but also more frequently. Given that all relapses
occurred within 2 years after surgery, surveillance should
be more frequent during the first 2 years, and intensive
follow-up evaluation after 2 years may be unnecessary for
SCC patients with pathologic stage 3 disease.

To date, no genetic susceptibility for esophageal SCC in
the Western population has been identified. On the con-
trary, a large genome-wide association study has identified
two susceptibility genes (PLCE1 and C20orf54), which
were highly correlated with esophageal SCC in the Chinese
population.”” In addition, Zhang et al.*®> reported that
patients with esophageal SCC from Eastern and Western
countries had several different clinical features, such as age
and female proportion, which also was confirmed by our
study. However, despite the differences in gene mutational
frequencies and clinical characteristics, Eastern SCC
patients showed an OS comparable with that of Western
patients in this population-based study. Consistently, our
study found that the recurrence patterns and survival dis-
tributions were similar between the training cohort from
China and the validation cohort from the United States.

Our study had several drawbacks that should be noted.
First, the results may have been inevitably influenced by
selection bias due to its retrospective nature. Second, the
baseline characteristics, proportion of patients receiving
induction chemotherapy, chemotherapy regimens, radiation
dose, and radiation methods were not balanced between the
training cohort and the validation cohort, which may have
affected the outcomes. However, despite some discrepan-
cies between the two cohorts, the major findings were
successfully reproduced in the external validation cohort.
Finally, due to the rarity of esophageal SCC in the United
States, the number of patients was limited in the validation
cohort.

CONCLUSIONS

After neoadjuvant CRT and esophagectomy, esophageal
SCC patients with a higher pathologic stage were associ-
ated with a significantly higher risk of recurrences and
worse survival outcomes. This finding was successfully
validated in a small Western cohort from a single institu-
tion. Therefore, multicenter and prospective validation is
warranted to confirm our findings.
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