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Abstract

Background: This study aimed to investigate the efficacy of surgery in the treatment
of small cell carcinoma of the esophagus (SCCE) and explore potential prognostic
factors.

Methods: We screened patients with SCCE who underwent esophagectomy from
2010 to 2018 at three institutes. Differences in survival were analyzed using the
Kaplan-Meier method and log-rank test. The prognostic factors were identified
using univariate and multivariate analyses.

Results: A total of 69 patients were included. Multivariate analysis showed that TNM
stage (hazard ratio [HR]: 4.10, 95% confidence interval [CI]: 1.57-10.75, p = 0.004)
and adjuvant therapy (HR: 0.28, 95% Cl: 0.16-0.51, p < 0.001) were independent
prognostic factors. Stage |, stage IIA, and stage IIB disease were merged into the
surgery response disease (SRD), whereas stage Ill disease into the surgery
nonresponse disease (SNRD). The SRD group had significantly improved survival
compared to the SNRD group (HR: 0.33, 95% CI: 0.19-0.58, p < 0.001). In addition,
adjuvant therapy increased survival benefit in the SNRD group (p < 0.001) but not in
the SRD group (p = 0.061).

Conclusions: Surgery alone appears to be adequate for disease control in the SRD
group, whereas multimodality therapy was associated with improved survival in the
SNRD group.
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1 | INTRODUCTION

Small cell carcinoma of the esophagus (SCCE) is a rare but highly
aggressive neuroendocrine malignancy.>? McKeown et al.2 first described
it in 1952, and subsequent case reports and small series confirmed its
existence.*”® SCCE accounts for approximately 1.26% of all esophageal
neoplasms in Chinese patients and approximately 1.6% in Western
patients.”® Similar to small cell lung cancer,” patients with SCCE have a
poor prognosis with a 5-year survival rate of 6.7%-12.2%.1°*! To date,
although various treatment options are available for SCCE, the optimal
treatment has not been defined due to its rarity.

For patients with limited-stage SCCE, surgical resection appears
to be the only curative treatment option. However, the efficacy of
surgical treatment remains controversial and needs to be fully
explained. Meng et al.'? have found that chemoradiotherapy had
better overall survival (OS) than surgery followed by chemotherapy in
limited-stage SCCE. In contrast, several studies have showed that
surgical resection was beneficial.'*>1* Verma et al.!® have indicated
that adding surgery or radiotherapy to chemotherapy led to improved
long-term survival outcomes. In addition, Chen et al.'® have reported
that surgical resection alone was adequate for patients with early-
stage SCCE. Thus, the role of surgery in treating resectable SCCE
requires further investigation.

In this study, we aimed to investigate the therapeutic effects of
surgery in the treatment of SCCE according to long-term survival
outcomes and identify the prognostic factors for patients with SCCE

who underwent curative esophagectomy.

2 | METHOD

2.1 | Study population

This study identified consecutive patients with SCCE who underwent
curative esophagectomy at West China Hospital of Sichuan University,
Affiliated Hospital of North Sichuan Medical College, and Changsha
Central Hospital between December 2010 and December 2018. Patient
demographics, surgical procedures, pathology, adjuvant therapy and
survival outcomes were collected. Inclusion criteria included (1) small cell
carcinoma of esophagus; (2) limited-stage; (3) surgical resectable; and
(4) transthoracic esophagectomy. Exclusion criteria included (1) other
histological types; (2) extensive-stage; and (3) coexistence of other
malignancies. Ethics approval for this study was granted by the Ethics
Committee of West China Hospital of Sichuan University (No. 2021663),
Affiliated Hospital of North Sichuan Medical College (No. 2021ER203-1),
and Changsha Central Hospital (No. 20213426). Patient informed

consent was waived.

2.2 | Surgery

An esophagoscope, contrast-enhanced computed tomography of the
neck, chest, and abdomen, endoscopic ultrasonography, bone scan,

and magnetic resonance imaging were used for perioperative tumor
staging. The standard surgical approach was minimally invasive
esophagectomy or open thoracotomy. However, the surgical
approach was not associated with complete resection. The extent
of lymphadenectomy included two-field lymph node dissections and
was conducted in most patients. Esophagogastrostomy was per-

formed using circular staplers or hand-sewn double layer sutures.

2.3 | Pathology

Two staging systems were used to determine the pathologic stages:
the Veterans' Administration Lung Study Group (VALSG) staging
system for small cell lung cancer and the 8th edition of the American

Joint Committee on Cancer TNM staging system.

24 | Follow-up

OS was defined as the time from surgery to death. Patients alive or
lost to follow-up were censored at the date of last follow-up. In the
first 2 years, patients were observed every 3 months and then every
6 months thereafter. Information on follow-up was available 5 years

after surgery or at the time of death.

2.5 | Statistical analysis

Nonnormally distributed continuous variables are presented as the
median with interquartile range, and categorical variables are
presented as frequencies and percentages. Survival curves were
calculated using the Kaplan-Meier method, and the log-rank test was
used to compare the differences between survival curves. For
multiple comparisons, the p value was adjusted using the Benjamini
and Hochberg method by the “fdrtool” package in R. Univariate and
multivariate analyses were performed with the Cox proportional
hazards regression model. Survival analyses were analyzed using the
‘survival’ package (version 3.2-10) in R. Survival curves were plotted
using the “survminer” package (version 0.4.9) in R. Statistical analyses
were performed using SPSS Statistics (version 24, IBM) and the R
programming language (version 3.6.3). Statistical significance was set
at a two-sided p value less than 0.05.

3 | RESULTS

3.1 | Patient characteristics

A total of 69 patients with limited-disease SCCE underwent curative
esophagectomy in our center between December 2010 and Decem-
ber 2018. The baseline characteristics of the patients are summarized
in Table 1. All patients were defined as having limited disease
according to the VALSG staging system. By the TNM staging system,



Journal

1398
—LWI LEY

GU ET AL

of
SURGICAL ONCOLOGY.

TABLE 1 Patient characteristics
Characteristic (n = 69) Total
Age (years), median (IQR) 62 (53-66)
Gender, n (%)
Male 53 (76.8%)
Female 16 (23.2%)
Length (cm), median (IQR) 4 (3-5)
Location, n (%)
Upper 5(7.2%)
Middle 43 (62.3%)
Lower 21 (30.4%)

Surgical approach, n (%)

Sweet 21 (30.4%)
Ivor Lewis 15 (21.7%)
McKeown 33 (47.8%)
pT, n (%)
T1 28 (40.6%)
T2 23 (33.3%)
T3 18 (26.1%)
pN, n (%)
NO 26 (37.7%)
N1 20 (29.0%)
N2 14 (20.3%)
N3 9 (13.0%)

Pathological component, n (%)

Pure small cell 40 (58.0%)
Adenocarcinoma 1(1.4%)
Squamous cell 28 (40.6%)

Lymphovascular invasion, n (%)

Yes 6 (8.7%)

No 63 (91.3%)
No. of resected nodes, median (IQR) 15 (11-21)
No. of involved nodes, median (IQR) 1 (0-3)
Adjuvant therapy, n (%)

No 36 (52.2%)

Chemotherapy 12 (17.4%)

Chemoradiotherapy 21 (30.4%)

Abbreviation: IQR, interquartile range.

17 patients (24.6%) had stage | disease, 7 patients (10.1%) had stage
IIA disease, 10 patients (14.5%) had stage |IB disease, and 35 patients
(50.7%) had stage Il disease. When considering pathological
components, 40 patients had pure small cell carcinoma, and
29 patients presented mixed squamous cell or adenocarcinoma.

3.2 | Surgical outcomes

All the patients were assessed to have resectable disease
preoperatively, and all patients had an RO resection in post-
operative pathology evaluation. Postoperative major complica-
tions occurred in 4 patients (5.8%): 1 patient had pneumonia, and
3 patients experienced anastomotic leakage. No patient died
within 30 days postoperatively. Patients with lymph node
involvement in the resected specimen were recommended to
receive adjuvant therapy. In this study, approximately half of the
patients received adjuvant chemotherapy/chemoradiotherapy.
Because of poor performance status, several patients did not

receive further therapy.

3.3 | Survival

We used the reverse Kaplan-Meier method to calculate the
median follow-up time. The median follow-up time was 124.9
months (95% confidence interval [Cl]: 113.9-135.8). The
Kaplan-Meier survival curve in the entire cohort was displayed
in Figure 1. Our results showed that the median OS was 19.6
months (95% Cl: 14.2-30.0) for patients with SCCE undergoing
curative resection, and the 1-, 3-, and 5-year OS rates were
44.9%, 25.3%, and 11.8%, respectively.

3.4 | Cox proportional hazards model

The results of the Cox proportional hazards model were presented in
Table 2. In univariate analysis, TNM staging (p < 0.001), adjuvant
therapy (p < 0.001), lymph node involvement (p = 0.006) and tumor
length (p=0.058) were potential prognostic factors. Statistically
significant variables (p < 0.10) in univariate analysis were entered into
the multivariate analysis. However, multivariate analysis showed that
TNM staging (p=0.004) and adjuvant therapy (p<0.001) were
independent prognostic factors for OS. Notably, stage Ill disease
had significantly worse OS than stage I-1l disease (hazard ratio [HR]:
4,10, 95% CI: 1.57-10.75, p=0.004) in SCCE. In addition, patients
receiving adjuvant therapy were associated with prolonged OS
benefit compared to patients not receiving adjuvant therapy (HR:
0.28, 95% Cl: 0.16-0.51, p < 0.001).

3.5 | Classification according to surgery response

By the TNM staging system, no significant survival differences
were found among stages |, lIA, and |IB disease; however, stage Il|
disease had obviously worse OS than any other stage (stage | vs.
stage lIA: adjusted p=1.000; stage | vs. stage IIB: adjusted
p =1.000; stage | vs. stage lll: adjusted p =0.001; stage IIA vs.
stage |IB: adjusted p=1.000; stage IIA vs. stage lll: adjusted
p =0.036; stage IIB vs. stage lll: adjusted p = 0.020) (Figure 2A).
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FIGURE 1 Kaplan-Meier curve of overall survival for the entire
cohort

TABLE 2 Cox proportional hazards
model for survival in small cell carcinoma
of the esophagus

Characteristics
Age
Gender
Female
Male
Location
Upper/middle
Lower
Length

Surgical approach

Ivor Lewis/McKeown

Sweet
Pathologic component
Pure small cell

Not pure small cell

Lymphovascular invasion

Lymph node involvement

TNM stage
1-11
1

Adjuvant therapy

SURGICAL ONCOLOGY.

As a result, stages |, IIA, and |IB disease were merged into a new
group called surgery response disease (SRD), whereas stage Il
(SNRD).
Kaplan-Meier survival analysis showed that the SRD group had
better median OS than the SNRD group (HR: 0.33, 95% ClI:
0.19-0.58, p <0.001) (Figure 2B).

disease was named surgery nonresponse disease

3.6 | Adjuvant therapy

We also investigated the role of adjuvant therapy in SCCE. The
median OS was 30.0 months (95% ClI: 11.8-24.3) for patients with
adjuvant therapy compared with 12.5 months (95% Cl: 11.8-24.3) in
patients without adjuvant therapy. In the entire cohort, adjuvant
therapy improved the survival of patients with SCCE after surgery
(HR: 0.43, 95% Cl: 0.25-0.74, p = 0.001) (Figure 3). In the subgroup
analysis, adjuvant therapy did not significantly improve the median
OS in the SRD group (HR: 0.50, 95% CI: 0.23-1.12, log-rank
p=0.061) (Figure 4A). However, adjuvant therapy significantly
improved the median OS in the SNRD group (HR: 0.29, 95% Cl:
0.14-0.62, log-rank p < 0.001) (Figure 4B).

Univariate analysis Multivariate analysis

HR (95% ClI) p HR (95% ClI) p

1.00 (0.97-1.04) 0.810

Reference

0.99 (0.53-1.85) 0.975

Reference

1.17 (0.65-2.12) 0.606

1.15 (0.99-1.34) 0.058* 0.97 (0.82-1.15) 0.731
Reference

0.75 (0.43-1.34) 0.331

Reference

0.84 (0.49-1.43) 0.525

1.89 (0.83-4.29) 0.127

2.18 (1.25-3.80) 0.006* 1.12 (0.44-2.81) 0.813
Reference

2.99 (1.73-5.17) <0.001* 4.10 (1.57-10.74) 0.004**
0.40 (0.24-0.69) <0.001* 0.28 (0.16-0.51) <0.001**

Abbreviations: Cl, confidence interval; HR, hazard ratio.

*p < 0.10.
**p < 0.05.
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FIGURE 2 Kaplan-Meier curves of overall survival stratified by (A) TNM stage and (B) surgery response. Stages |, lIA, and 1IB patients were
merged into the surgery response disease (SRD) group, whereas stage Il patients were merged into the surgery nonresponse disease (SNRD)
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FIGURE 3 Kaplan-Meier curves of overall survival stratified by
adjuvant therapy

4 | DISCUSSION

In this study, our results showed that SCCE had an extremely poor
prognosis, with a median OS of 19.6 months. The 1-, 3-, and 5-year
OS rates were 44.9%, 25.3%, and 11.8%, respectively. These results
parallel the results of a previous study by Fan et al.,*” with a median
OS of 17.4 months and 1-, 3-, and 5-year OS rates of 66.3%, 24.1%,
and 21.4%, respectively. However, their median follow-up time of
73.0 months was shorter than our study of 124.9 months. Notably,

insufficient follow-up time might potentially overestimate the
survival rate. In addition, we found that TNM stage and adjuvant
therapy were independent prognostic factors for patients with SCCE
undergoing curative esophagectomy. Likewise, Miao et al.?® also
found that surgery-based multimodality treatment was an indepen-
dent prognostic factor. However, they did not find that TNM stage
had a significant impact on survival in multivariate analysis. The
potential explanation may be that their study included both limited-
stage and extensive-stage SCCE.

Currently, no specific staging system is established for SCCE due
to its rarity. The VALSG staging system is the most commonly used in
SCCE, which is classified as limited-stage and extensive-stage.'?
Another commonly used option is the TNM staging system for
esophageal cancer by the American Joint Committee on Cancer. In
this study, all the patients had limited disease according to the VALSG
staging system. However, this classification was not conclusive.
When analyzed by the TNM staging system, no significant survival
differences were found among stages |, lIA, and IIB patients, but
stage Il patients had significantly worse survival than any other
stage. Therefore, it is reasonable to identify the favorable population,
and patients were grouped into the SRD group and SNRD group.

We also found that curative esophagectomy combined with
adjuvant therapy significantly improved prognosis compared to
surgery alone in all patients. Furthermore, adjuvant therapy had no
significant impact on survival in the SRD group but was associated
with survival benefit in the SNRD group. These results also parallel
the findings by Zou et al.?° in which adjuvant therapy improved
survival in limited-stage Il disease but not in limited-stage | disease.
This may be due to locoregional therapy has good control in stage I/Il
SCCE. However, stage Ill SCCE appears to be a systematic disease

that necessitates systemic therapy.?12?
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FIGURE 4 Kaplan-Meier curves of overall survival stratified by adjuvant therapy (A) in the surgery response disease (SRD) group; (B) in the

surgery nonresponse disease (SNRD) group

The strengths of the study include that this multicenter, long-
term follow-up, retrospective study mainly focused on patients with
SCCE undergoing surgery-based treatment. Furthermore, our results
revealed that stage | and stage Il patients with SCCE were a favorable
population for surgical resection, whereas multimodality treatment
remains the main treatment approach for stage Il patients. To our
knowledge, few published studies have addressed this topic.

The potential weakness of the study included that the
therapeutic effect of neoadjuvant therapy was not investigated in
this study. As neoadjuvant therapy was not well established in China
before 2018,%° only two patients in this study received neoadjuvant
therapy. However, most patients with nodal disease received

adjuvant therapy. Cai et al.?*

reported that preoperative chemo-
therapy plus surgery improved SCCE patient survival compared with
surgery alone. However, their study included many cases of R1/R2
resection, which possibly weakens the conclusion.

There are also some limitations in this study. First, it is a
retrospective study with inherent flaws. Second, although this study
had a relatively larger sample size than the previous literature by Fan

|17

et al.¥” and Miao et al.?® The sample size of 69 patients warrants

further investigation with multicenter and large sample sizes.

5 | CONCLUSIONS

SCCE is a rare but highly aggressive malignancy. Patients with
limited-stage SCCE could be further grouped into the SRD group and
SNRD group according to TNM staging. For the SRD group, surgery
alone appears to be adequate; for the SNRD group, adjuvant therapy
adds more benefit to patient survival.
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