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Purpose: Currently, there are no standard treatments for primary small cell carcinoma of the
esophagus (PSCCE), particularly in cases of limited-stage disease. This retrospective study
aimed to assess the treatment strategies and the relevant prognostic factors of limited-stage
PSCCE (LS-PSCCE).

Patients and Methods: We retrospectively evaluated 129 patients with LS-PSCCE
between June 2009 and December 2018. The 2 test was performed to examine the
frequencies between different groups. The Kaplan-Meier and log-rank methods were used
to estimate and compare survival rates. Univariate and multivariate analyses were performed
to determine the prognostic factors for overall survival (OS).

Results: Through a median follow-up of 23 months, the median OS of all patients was 25.0
months and the median recurrence-free survival (RFS) was 15.0 months. Univariate and
multivariate analyses showed that alcohol abuse (p=0.046) and TNM stage (p<0.001) were
independent prognostic factors. There was no significant difference in OS and RFS rates
between the patients treated with chemoradiotherapy (CRT) and those treated with surgery
and chemotherapy with or without radiotherapy (S+CT#RT) (p>0.05). Patients who received
concurrent CRT had better OS and RFS than those who received sequential CRT (»p<0.05).
Postoperative adjuvant RT for high-risk patients can further improve the local control rate
but has no significant effect on OS.

Conclusion: LS-PSCCE patients treated with CRT had similar OS and RFS compared to
those treated with S+CT=£RT. This study shows that concurrent CRT confers a survival
advantage for patients with LS-PSCCE compared to those with sequential CRT.
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Introduction

Primary small cell carcinoma of the esophagus (PSCCE) is a rare and highly
aggressive malignancy characterized by early metastasis and poor prognosis.'
PSCCE has an incidence of less than 2.8%;'™ therefore, large-scale treatment
analyses are lacking and no prospective randomized studies have been conducted
thus far.

To date, the main treatments for LS-PSCCE have included surgery, radiotherapy
(RT), and chemotherapy (CT) and have been based on small retrospective studies.
The role of surgery in patients with LS-PSCCE is controversial.* It has been
reported that most patients with LS-PSCCE received surgical treatment, and the
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results indicated that radical esophagectomy should be
considered as the primary treatment for stage I or IIA
PSCCE.” Similar results were obtained by Wong et al.’
However, surgery alone often results in rapid systemic
recurrence.”® Several studies have shown that chemora-
diotherapy (CRT) could also achieve long-term survival
for LS-PSCCE.”'*> However, these retrospective studies
had relatively small samples sizes. Due to possible bias in
these investigations, the status of radical CRT and surgical
treatment in LS-PSCCE is still uncertain. In this study, we
sought to further evaluate the efficacy of surgery and CRT
for the treatment of LS-PSCCE in a large cohort.

Patients and Methods

Patients
A total of 129 patients with pathologically confirmed PSCCE
were collected from our hospitals between June 2009 and
December 2018. Patients were selected based on the follow-
ing criteria: (1) limited-stage disease proven through con-
trast-enhanced computed tomography of the chest and
abdomen, bone emission computed tomography scans, and
contrast-enhanced computed tomography or magnetic reso-
nance imaging examinations of the brain, (2) Karnofsky
performance status (KPS) score >70, (3) chemotherapy
cycles >4, and (4) RT dose > 45Gy. The exclusion criteria
were as follows: (1) history of other malignancies and (2)
incomplete medical records. As this was a retrospective
study, the requirement to obtain informed consent was
waived. This retrospective study was approved by the ethics
committees of Shandong Cancer Hospital and Shandong
Provincial Hospital, and anonymous patient data were ana-
lyzed according to the principles of the Helsinki Declaration.
The patients were staged according to the eighth edi-
tion of the American Joint Committee on Cancer (AJCC)
TNM Classification of Carcinoma of the Esophagus and
Esophagogastric ~ Junction'>  and  the  Veterans
Administration Lung Study Group (VALG) staging.'*
The VALG staging system includes limited and extensive
stage disease. Limited-stage disease is defined as a tumor
confined within a localized anatomic region with or with-
out regional lymph node metastasis.’

Treatment Modalities

The treatment status of patients included in the analysis is
shown in Table 2. Of the 81 patients who received CRT and
were treated with 4 to 6 courses of cisplatin-based CT (com-
bined with etoposide/irinotecan), 34 patients underwent

three-dimensional conformal radiotherapy (3D-CRT) and
47 patients received intensity-modulated radiation therapy
(IMRT). The total dose ranged from 45 to 60 Gy (median
54 Gy). There were 49 patients that received concurrent CRT
(con-CRT) and 32 patients that received sequential CRT (seq-
CRT). A total of 48 patients underwent transthoracic esopha-
gectomy and received 4 to 6 cycles of adjuvant CT. Among
these, 18 patients with positive surgical margins and/or lymph
node metastasis received concurrent adjuvant radiotherapy.
Seven patients underwent 3D-CRT and eleven patients
received IMRT. The total dose ranged from 45 to 60 Gy
(median: 50 Gy).

Follow-Up

Patients were followed up once every 3 months for the first
2 years, once every 6 months for the third year, and once
annually from the fourth year. During the follow-up visits,
the patients underwent routine blood examination, assess-
ment of liver and kidney function and tumor markers, and
other laboratory tests as well as a chest and abdominal CT.
Bone ECT was performed every six months.

Definitions and Statistical Analysis

The primary endpoint was overall survival (OS), which
was defined as the time from diagnosis to the date of death
or last follow-up. The secondary endpoint was recurrence-
free survival (RFS). RFS was calculated from the date of
diagnosis to the date of the first local or distant progression
or to the date of death from any cause. Patients were
considered censored if they were without events at the
end of the study.

All statistical tests were conducted using SPSS
Statistics version 22.0 (IBM Corporation, Armonk, NY,
USA) and all figures were produced using GraphPad
Prism 8.0 (GraphPad Software, USA). Statistical signifi-
cance was set at p < 0.05. A y* test or Fisher’s exact test
was performed to compare patient baseline characteristics.
OS and RFS rates were analyzed using the Kaplan-Meier
method.'> Univariate and multivariate analyses were per-
formed using a Cox regression model. Variables with a p
value of < 0.2 from univariate analysis were tested in
multivariate analysis.

Results

Patient Characteristics
The characteristics of the tumors and the 129 patients are
summarized in Table 1. The study consisted of a total of
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Table | Cohort Characteristics of 129 Patients with LS-PSCCE

Characteristics CRT Surgery P value
Group Group
(n, %) (n, %)
Sex 0.131
Female 25 9
Male 56 39
Age, y 0.225
<60 30 23
>60 51 25
Tobacco abuse 0.271
Yes 45 31
No 36 17
Alcohol abuse 0.657
Yes 44 28
No 37 20
Family history of 0.983
malignancy
Yes 17 10
No 64 38
Location 0.086
Upper 16 3
Middle 42 32
Lower 23 13
Length, cm 0.210
<4 38 28
>4 43 20
Macroscopic tumor 0.237
type
Medullary 46 27
Ulcerative 8 10
Mushroom 16 8
Constrictive I 3
TNM stage 0.669
-l 34 22
1 47 26
T stage 0.061
TI-2 27 24
T3-4 54 24
N stage 0.075
NO 23 21
N+ 58 27

80 patients (62.0%) from Shandong Cancer hospital and
49 patients (38.0%) from Shandong Provincial hospital.
The study group consisted of 95 men (73.6%) and 34
women (26.4%), and their age ranged from 43 to 78

years (median: 63 years). There were 72 patients (55.8%)
with a history of alcohol abuse and 27 patients (20.9%)
had a family history of malignancy. The middle third of
the thoracic esophagus was the most common location of
primary tumors (57.4%). The length of these lesions ran-
ged from 1.0 to 9.0 cm (median: 4.0 cm). There was no
significant difference in clinical characteristics between
the surgery and CRT groups.

OS and RFS for Total Population

The median follow-up time was 23 months (range: 4-78
months). By June 2019, 11 patients (8.5%) were still
living, 112 patients (86.8%) had died, and 6 patients
(4.7%) were lost to follow-up. The median OS of the
129 patients was 25.0 months (95% confidence interval
[CI]: 22.8-27.2), and the 1-, 3-, and 5-year OS rates were
89.6%, 24.0%, and 4.8%, respectively (Figure 1A). The
median RFS of all patients was 15.0 months (95% CI:
12.1-17.9) and the 1-, 2-, and 3-year RFS rates were
62.7%, 22.0%, and 8.1%, respectively (Figure 1B).

Prognostic Factor Analysis

We evaluated the relationship between patient prognosis
and clinicopathological features (Table 2). In the univariate
analysis, patients with a history of alcohol abuse had
a shorter median OS than those without a history of alcohol
consumption (23.0 versus 27.0 months; p=0.028)
(Figure 2A). Patients with tumors <4 cm had a better med-
ian OS compared with patients with lesion lengths >4 cm
(29.0 versus 22.0 months; p< 0.001) (Figure 2B). The
median OS was increased among patients with stage [-II
PSCCE compared with that of patients with stage III
PSCCE (32.0 wversus 21.0 months; p< 0.001).
Furthermore, patients with T1-2 PSCCE had a better med-
ian OS than those with T3-4 PSCCE (33.0 versus 23.0
months; p< 0.001) (Figure 2C). The median OS of patients
with NO PSCCE was longer than that of patients with N1
and N2 PSCCE (30.0 versus 22.0 versus 18.0 months,
respectively; p< 0.001) (Figure 2D). Other clinicopatholo-
gical features did not show significant correlations with
prognosis (p>0.05). According to the multivariate analysis,
alcohol abuse and TNM stage were independent prognostic
factors (Table 3).

Treatment and Survival

We compared the survival between patients undergoing CRT
and those undergoing surgery. For patients who underwent
surgery, the median OS was 26.0 months (95% CI: 19.9-32.1),
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Table 2 Univariate Analysis for the Prognosis of 129 Patients

Variables No. of Patients Survival Rate, % MST, mo (95% CI) p value
Iy 3y 5-y

Sex 0.368
Male 95 87.1 20.1 5.0 24(21.314-26.686)
Female 34 96.8 35.0 39 27(21.820-32.180)

Age 0.439
<60 53 94.2 18.4 23 24(21.852-26.148)
>60 76 86.4 27.8 6.5 27(22.588-31.412)

Alcohol abuse 0.028
Yes 72 83.1 16.5 33 23(20.780-25.222)
No 57 98.1 339 6.8 27(24.785-29.215)

Smoking 0.091
Yes 76 86.5 16.3 33 24(21.418-26.582)
no 53 94.0 344 6.9 27(22.584-31.416)

Family history of malignancy 0.988
Yes 27 92.6 233 4.7 25(20.565-29.435)
No 102 90.8 229 4.8 26(23.598-28.402)

Location 0.311
Upper 19 94.4 328 6.6 27(19.611-34.389)
Middle 74 86.3 26.4 6.2 24(19.338-28.662)
Lower 36 93.9 13.8 0.0 24(22.281-25.719)

Length, cm <0.001
<4 66 93.7 38.9 74 29(24.862-33.138)
>4 63 85.3 7.8 1.9 22(19.073-24.927)

Macroscopic tumor type 0.109
Medullary 73 87.4 21.7 5.0 24(21.094-26.906)
Ulcerative 18 87.8 26.2 8.7 31(17.893—44.107)
Mushroom 24 95.5 41.8 5.2 29(25.684-32.316)
Constrictive 14 929 7.1 0.0 20(17.555-22.445)

Treatment modality 0.746
No surgery 8l 91.2 22.2 6.4 25(21.993-28.007)
Surgery 48 86.8 27.0 25 26(19.864-32.136)

TNM stage <0.001
-l 56 98.1 44.2 11.0 32(28.639-35.361)
1] 73 83.3 8.6 0.0 21(19.195-22.705)

T stage <0.001
TI-2 51 95.9 48.6 12.1 33(26.744-39.256)
T3-4 78 85.5 77 0.0 23(20.857-25.143)

N stage <0.001
NO 44 86.9 339 85 30(26.154-33.846)
NI 60 84.5 46.8 0.0 24(20.529-27.471)
N2 25 76.0 4.6 0.0 18(14.729-21.271)

Abbreviations: MST, median survival time; Cl, confidence interval.

and the 1-, 3-, and 5-year OS rates were 86.8%, 27.0%, and  CRT, the median OS was 25.0 months (95% CI: 22.0-28.0),
2.5%, respectively (Figure 3A). For patients who received and the 1-, 3-, and 5-year OS rates were 91.2%, 22.2%, and
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Figure 2 Kaplan-Meier survival curves. (A) OS of patients with alcohol abuse. (B) OS of patients with tumor length 24cm or <4cm. (C) OS of 129 patients according to

T stage. (D) OS of 129 patients according to N stage.

6.4%, respectively. The median RFS of the surgery group was ~ months (p=0.084) (Figure 3B). Of the 56 patients in the stage
14 months and the median RFS of the CRT group was 19 I-II PSCCE subset, those who underwent CRT exhibited
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Table 3 Multivariate Cox Analysis for the Prognosis of 129
Patients with LS-PSCCE

Variables p value RR (95% CI)
Alcohol abuse 0.046 1.479(1.007-2.173)
Smoking 0.503 —_—

Length, cm 0.188 _

Macroscopic tumor type 0.966 —_—

TNM stage <0.001 3.555(2.36-5.481)
T stage 0.055 _

N stage 0.687 —_—

Abbreviations: RR, relative risk; Cl, confidence interval.

a median OS of 31.0 months, while those who underwent
surgery had a median OS of 33 months (p=0.988) The median
RFS was 23 months for patients who underwent CRT and 21
months for patients who underwent surgery (p=0.976)
(Figure 3C and D). Of the 73 patients in the stage IIl PSCCE
subset, those who underwent CRT exhibited a median OS of
21.0 months compared to a median OS of 20 months in those
who underwent surgery (p=0.689). The median RFS for CRT
and surgery was 13 and 10.5 months, respectively (p=0.990)
(Figure 3E and F).

We further compared the survival of patients who
received con-CRT with those who received seq-CRT. The
patients who received con-CRT exhibited a median OS of
27 months (95% CI: 24.0-29.1), and the 1-, 3-, and 5-year
OS rates were 93.8%, 29.9%, and 9.2%, respectively. For
patients who received seq-CRT, the median OS was 21.0
months (95% CI: 17.2-24.8), and the 1-, 3-, and 5-year OS
rates were 87.1%, 9.4%, and 0%, respectively. Patients
who underwent con-CRT exhibited better survival than
those who underwent seq-CRT (p= 0.006, Figure 4A).
For those patients who received con-CRT, the RFS was
19.0 months (95% CI: 14.6-23.4), and the 1-, 2-, and
3-year RFS rates were 73.1%, 34.5%, and 8.6%, respec-
tively. For those patients who received seq-CRT, the RFS
was 13.0 months (95% CI: 9.7-16.3), and the 1-, 2-, and
3-year RFS rates were 53.1%, 12.5%, and 0%, respec-
tively (p= 0.013, Figure 4B). The OS and RFS rates of
patients who underwent con-CRT were better than those of
patients who underwent seq-CRT.

We further compared the OS and RFS of patients who
received con-CRT or seq-CRT to those receiving surgery
with or without RT. The median OS associated with con-
CRT, surgery plus CRT, and surgery plus CT was 27, 31,
and 24 months, respectively (Figure 5A). There was no
significant difference in OS between the three groups. The
RFS of patients who received con-CRT or surgery plus

CRT was longer than that of patients who received surgery
plus CT (19.0 versus 13.0 months; 21 versus 13.0 months)
(Figure 5B). The median OS of seq-CRT, surgery plus
CRT, and surgery plus CT was 21, 31, and 24 months,
respectively (Figure 5C). The median OS of patients who
received surgery plus CRT was better than that of patients
in the seq-CRT group (p=0.033). There was no significant
difference in OS between the seq-CRT and the surgery
plus CT groups (p=0.120). Patients who received seq-
CRT had an inferior median RFS compared to patients
who received surgery plus CRT or surgery plus CT (13.0
versus 31.0 months; 13.0 vs 24.0 months; p<0.001)
(Figure 5D).

Patterns of Failure

To date, 46 patients have experienced distant metastasis
(DM) in the CRT group. The sites of DM were the liver
(15, 32.6%), an abdominal lymph node (9, 19.6%),
a supraclavicular lymph node (7, 15.2%), a lung (6,
13.0%), the brain (6, 13.0%), bone (2, 4.4%), and appen-
dix (1, 2.2%). In the surgery group, 20 patients experi-
enced DM. The sites of DM were the liver (6, 30.0%), the
brain (5, 25.0%), a supraclavicular lymph nodes (4,
20.0%), bone (3, 15.0%), and an abdominal lymph node
(2, 10.0%).

Discussion

Due to the low incidence of LS-PSCCE, no prospective
studies have been reported thus far, and the optimal treat-
ment strategy for LS-PSCCE remains controversial.
Previous studies have recommended surgery combined
with CT in patients with LS-PSCCE,>'® and studies have
shown that CRT can also achieve good therapeutic
effects.'®'" Although surgery and RT are the main local
treatment options for LS-PSCCE, the method(s) by which
the optimal treatment for LS-PSCCE should be selected is
still disputed. This retrospective study showed that patients
receiving CRT had similar OS and RFS compared to
patients receiving surgery and chemotherapy with or with-
out radiotherapy.

It is well known that PSCCE is a systemic disease, and
CT is an established choice of treatment.'®'®" For
patients with LS-PSCCE, the use of optimal loco-
regional treatment options varies. Two studies have
reported that CRT could be used to avoid surgical compli-
cations and delayed postoperative CT in patients with LS-
PSCCE,IO’12 but the number of cases in these studies was

small (23 and 3 patients). In addition, these studies were
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Figure 3 Kaplan-Meier survival curves. (A, B) OS and RFS of patients who received CRT versus patients who received surgery. (C, D) OS and RFS of patients with stage I-II
who received CRT versus patients who received surgery. (E, F) OS and RFS of patients with stage Il who received CRT versus patients who received surgery.

not able to address whether surgery or radiotherapy was
the better option for local therapy. Meng et al'' reported
that the CRT group had a better median OS than the
surgery plus CT group (33.0 vs 17.5 months, p=0.019);
similar results have been reported in several previous

studies.”*° However, several studies have demonstrated

that surgery was an effective choice and could be an
independent prognostic factor for LS-PSCCE.**"*? Long-

term survival can be achieved in patients with limited

disease after surgery.>* However, it is not yet certain
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plus CRT and surgery plus CT. (C) OS of patients who received seq-CRT, surgery plus CRT and surgery plus CT. (D) RFS of patients who received seq-CRT, surgery plus CRT

and surgery plus CT.

that surgery is better than nonsurgical treatment because investigate the application of CRT in LS-PSCCE and we
these studies included only a small number of patients. In ~ found that the OS and RFS rates of patients who under-
the present study, 84 patients were included to further =~ went CRT were similar to those of patients who underwent
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surgery plus CT with or without RT. This result is consis-
tent with the findings of previous studies.'®'" The median
OS of patients in our study was better than was reported in
a previous study, which may be due to the fact that more
patients received CRT in our study, as well as to improve-
ments in treatment technology. This data supports the view
that CRT can be used as one of the treatment options for
LS-PSCCE, thereby avoiding the morbidity associated
with surgery.

The application of con-CRT in limited-stage small cell
lung cancer and esophageal squamous cell cancer has been
widely recognized,”* but its application in PSCCE has not
been as thoroughly investigated due to the small number of
cases in previous studies.'™!'" A retrospective study reported
that con-CRT could achieve greater OS for LS-PSCCE com-
pared with seq-CRT (36 vs 11 months, p=0.04).'® However,
univariate analysis did not detect any difference in survival in
a separate study (31 vs 22, p=0.37).%® This may be due to the
fact that nearly half of all patients (48%) were diagnosed
before 2008 and therefore were treated with relatively out-
dated technology. As well, a further 18% of patients demon-
strated mixed histology. In the present study, we found that
con-CRT achieved longer OS than seq-CRT (p=0.006), and
that RFS was also longer than that of the seq-CRT group
(»p=0.013). These findings are consistent with the conclusions
of Vos et al.'® Therefore, con-CRT is recommended to further
improve the prognosis of suitable patients.

In the present study, we also found that the con-CRT
group had a similar OS to the surgery plus CRT and the
surgery plus CT groups, but that con-CRT had better
RFS compared to the surgery plus CT group. This
indicates that RT can achieve a similar level of control
as surgery, and that early RT treatment is beneficial for
reducing RFS. However, patients who received seq-CRT
had worse OS than those who received surgery plus
CRT, and had worse RFS than either surgery plus CRT
or surgery plus CT. A previous study demonstrated that
con-CRT confers a long-term survival benefit compared
with seq-CRT in patients with stage III non-small cell

1>° confirmed that con-CRT was

lung cancer.”” Li et a
superior to seq-CRT for the management of esophageal
cancer among a Chinese population. Therefore, con-
CRT may have a better effect on tumor control. Our
study is the first to show the survival benefits of con-
CRT compared with surgery plus CT with or without RT
for LS-PSCCE. According to our findings and those of
previous studies, con-CRT is recommended as the treat-

ment of choice for LS-PSCCE when the patient’s

physical status permits, while seq-CRT can be a good
choice for patients who are not appropriate for con-CRT.
This may require further confirmation by prospective
studies.

Previous studies have shown that lesion length,
increased radiation dose, and stage, when combined with
CT, are better prognostic factors for LS-PSCCE.***~! In
the present study, univariate analysis revealed that tumor
length, alcohol abuse, T stage, N stage, and TNM stage
were associated with prognosis; these results are consistent
with those of previous reports.”®*! Multivariate analysis
showed that alcohol abuse and TNM stage were indepen-
dent prognostic factors. The correlation between tumor
stage and prognosis has been widely recognized,'® but
the effects of alcohol consumption on prognosis have
been less frequently reported, although alcohol consump-
tion has become one of the most common cancer risk
factors after smoking.>* Lee et al*> recently reported that
alcohol abuse is related to worse OS in head and neck
cancer. Wang et al** found that alcohol exposure is asso-
ciated with invasive breast cancer and promotes the
growth and metastasis of mammary tumors. To the best
of our knowledge, our study is the first to report that
alcohol abuse is related to a worse OS in cases of
PSCCE, although the effect of alcohol abuse on the prog-
nosis of PSCCE requires further study.

As a highly malignant and invasive tumor, PSCCE has
attracted much attention for its distant metastasis. The
researchers of this study were particularly interested in
whether patients with PSCCE benefited from prophylactic
cranial irradiation (PCI), as is observed in the case of small
cell lung cancer. PCI is not routinely recommended, accord-
ing to the current reports, as the incidence of brain metas-
tases is low (4.8-12%).'%2%333¢ Jeene et al reported that 1
out of 6 patients who underwent PCI developed brain
metastases and that of 52 patients without PCI, only 4
developed brain metastases;>® thus, no benefit was observed
from PCI. As treatment techniques improve, patient survival
will increase significantly, and the incidence of brain metas-
tases may increase. For example, the incidence of brain
metastases in our study was 16.7%, which is higher than
that reported in previous studies. Thus, the role of PCI in
PSCCE needs to be further evaluated.

Conclusion
This study had First, this
a retrospective study conducted by two institutions and

some limitations. was

including nearly a decade of cases; therefore, several
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treatment modalities were involved. The studies analyzed in
this paper differed in their diagnosis and treatment of
patients. Second, radiotherapy technology has made great
progress in recent years; patients treated with RT from today
would attain better outcomes than those treated decades ago.
Future studies are necessary to define which patients would
benefit from advances in radiotherapy technologies.

PSCCE is a systemic disease with rapid progression
and a poor prognosis. LS-PSCCE patients treated with
CRT had similar OS and RFS compared to those treated
with surgery plus CT with or without RT. The present
study suggests that radical CRT can be considered as the
treatment of choice for LS-PSCCE. The rate of brain
metastasis was low, and PCI is not recommended at this
moment. This study shows a survival advantage favoring
con-CRT compared with seq-CRT for the treatment of LS-
PSCCE. Thus, con-CRT can be used as the preferred
treatment for a better prognosis.
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