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a b s t r a c t

Background: Esophageal gastrointestinal stromal tumors (E-GIST) and leiomyosarcoma (E-LMS) are rare
tumors. Previous studies are limited to small number of patients. We sought to study these two tumors
using a large national database.
Methods: The National Cancer Data Base 2004e2014 was queried for patients with E-GIST and E-LMS.
The primary outcome was overall survival (OS). Univariate and multivariable Cox regression models were
used to investigate OS predictors.
Results: We found 141 E-GIST and 38 E-LMS patients, with esophagectomy and systemic treatment rate
of 55% and 49% for E-GIST and 50% and 26% for E-LMS. The 5-year OS of E-GIST and E-LMS were 62% and
23%, respectively, p < 0.001. In multivariable analysis, young age, tumor <10 cm, esophagectomy, and E-
GIST were associated with superior OS. There was a higher median and mean OS with neoadjuvant vs.
upfront surgery for E-GIST group (98 and 111 vs 79 and 80 months).
Conclusion: E E-GIST has superior OS compared to E-LMS. Esophagectomy is the cornerstone treatment
modality. Further studies are needed to evaluate the role of neoadjuvant therapy in E-GIST patients.

© 2018 Elsevier Inc. All rights reserved.
Introduction

Esophageal malignant mesenchymal tumors are rare entities,
they account for 0.1e2.8% of all primary esophageal sarcoma (ES).1,2

Esophageal gastrointestinal stromal tumor (E-GIST) and leiomyo-
sarcoma (E-LMS) comprise the vast majority of these tumors (66%e
74% of total primary ES).2,3 Due to the scarcity of these two ma-
lignancies, their clinicopathological features and clinical outcomes
were best studied as case series reports4e7 or else as a subgroup in
larger studies including other gastrointestinal locations.8e10 Other
than a published systematic review,5 the largest ES report included
41 E-GIST and 48 E-LMS patients using the Surveillance, Epidemi-
ology, and End Results (SEER) 1973e2011 Registry.2 In 2007, Blum
et al. reported a National Cancer Database (NCDB) study including a
33 E-GIST diagnosed from 1989 to 2004.4 These reports included
mostly patients from old registries (i.e. prior 2000s).2,4
.

E-GIST were previously misclassified as E-LMS, until gain of
function mutations in the KIT receptor tyrosine kinase were
described, and subsequently came to define the tumor. Further-
more, GISTs were found to derive from Cajal cells, and an absence of
desmin on immunohistochemistry helped delineate them from
their smooth muscle counterparts.11 The advent of tyrosine kinase
inhibitors in the early 2000s reformed the way E-GISTs were
approached. Specifically, neoadjuvant imatinib has been a partic-
ularly beneficial treatment strategy for E-GIST given its anatomi-
cally challenging location.12

Our aim was to explore the clinicopathological features and
outcomes of both E-GIST and E-LMS during the last two decades of
in view of the widespread use of the immunohistochemistry and
settlement of the historical misclassification.
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Fig. 1. The rate of esophageal GastroIntestinal stromal tumor (E-GIST) and Leiomy-
sarcoma (E-LMS) according to the year of diagnosis.
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Methods

Data source and selection criteria

Data were obtained from NCDB Participant User File (PUF) for
esophageal tumors diagnosed between 2004 and 2014. The NCDB is
a joint project of the Commission on Cancer of the American Col-
lege of Surgeons and the American Cancer Society. It comprises
hospital-based registry from more than 1500 commission-
accredited cancer programs, encompassing over 70% of all cancer
cases in the United States. This study was reviewed as exempt by
the local Institutional Review Board at the University of Miami
Miller School of Medicine. The study population was based on In-
ternational Classification of Disease for Oncology (3rd edition)
histology code (ICD-O-3) and tumor behavior data (3¼ invasive).
The patient with E-GIST and E-LMSwere defined as those with ICD-
O-3 of 8936 and 8890 with invasive behavior tumor, respectively.

Patient demographics, tumor and treatment variables

Potentially relevant demographic (year of diagnosis, age and
gender), tumor (location, diameter in cm and tumor grade), and
treatment characteristics (surgery and systemic treatment) were
included. The tumor location was defined according to ICD-O-3
disease site code: 150 and 153 for upper, 151 and 153 for mid, 152
and 155 for lower esophagus. For statistical consideration, high
grade tumor was defined as both grade 3 and 4. The year of diag-
nosis was studied as continuous variable and was also divided into
two categories (2004e2009) and (2010e2014). The esophagectomy
approached was identified by codes 20 to 80. The intervals between
diagnosis and treatment modalities (esophagectomy and systemic
treatment) were reported in days.

Statistical analysis

Continuous variables are presented as mean± standard error
and categorical variables as frequencies and percentages. For group
comparisons, Chi-square and Fisher's exact tests were used for
categorical variables; ANOVA test was used for continuous vari-
ables. Kaplan Meier Curve (KMC) survival estimates and a log-rank
test were used to examine differences in OS between E-GIST and E-
LMS. Univariate screening individual cox regression analyses were
used to examine the association between each variable and OS. Cox
regression multivariate analysis was used to identify independent
factors associated with OS. All probabilities were two-sided, and p-
values <0.05 were considered statistically significant. Statistical
analysis was performed using SPSS (version 16.0, SPSS Inc., Chicago,
IL, USA).

Results

Baseline characteristics

A total of 141 and 38 patients with E-GIST and E-LMS were
identified. The patients with E-GIST had a mean age of 66 year, 54%
and 77% of them were male and White, respectively. The patients
with E-LMS had no significant difference in their demographic
variables form E-GIST patients. The rates of E-GIST and E-LMS were
significantly impacted by the year of diagnosis. During 2004e2005,
2006e2007, 2008e2009 and 2010e2011, the rate of E-GIST was
66%, 74%, 75%, 88% and 89% and the rate of E-LMS was 35%, 26%,
24%, 12% and 11%, respectively (Fig. 1). In comparison to those
diagnosed between 2004 and 2009, the patients diagnosed be-
tween 2010 and 2014 had a statistically significant rise of number of
E-GIST (45% vs 55%) and decline of E-LMS (66% vs 34%). The lower
third/distal esophagus harbors 71% and 59% of E-GIST and E-LMS,
respectively. There was no difference in the tumor size between E-
GIST and E-LMS with a maximum diameter mean of 6 cm. More-
over, the rate of high tumor grade was significantly higher in E-LMS
compared to E-GIST (81% vs. 48%, p¼ 0.02. The rate of esoph-
agectomy was 55% among E-GIST and 50% for E-LMS. There was a
statistically significant higher rate of systemic treatment among E-
GIST (49%) compared to E-LMS (49% vs 26%, p¼ 0.01). The rate of
neoadjuvant systemic treatment was also higher among E-GIST
(33% vs 19%, p¼ 0.08) (Table 1). Likewise, the interval between
diagnosis to definitive surgery was significantly longer among E-
GIST (mean: 77 vs. 42 days, p¼ 0.03). There were 22 patients who
underwent local excision with available survival data (20 E-GIST
and 2 E-LMS) with one E-GIST patient expired within 90-day
postoperatively. The 90-day postoperative mortality rate among
the esophagectomy patients not coded as local excision were 4/43
(9%) for E-GIST and 2/13 (15%) for E-LMS group with no statistical
significant difference (p¼ 0.6). There was a higher rate of radio-
therapy among E-LMS compared to E-GIST patients (12/39 vs 3/141,
p< 0.0001). There were only 9 patients with E-LMS who received
radiotherapy with available survival data.

Overall survival

Among the patients with known survival status (119 E-GIST and
32 E-LMS), there were 39 and 24 deaths for E-GIST and E-LMS,
respectively. The Kaplan Meier survival analysis showed that the
mean and median survival of E-GIST were superior to E-LMS (85
and 97 months vs. 39 and 16 months, log rank p< 0.0001) (Fig. 2).
The 3-year and 5-year OS of E-GIST were 78% and 62% compared to
E-LMS (31% and 23%, respectively). Categorization of E-GIST and E-
LMS by their surgical treatment status resulted in 4 groups [group
1¼ E-GIST patients who had esophagectomy, 2¼ E-GIST patients
who had no surgery, 3¼ E-LMS patients who had esophagectomy
and 4¼ E-LMS patients who had no surgery. The Kaplan Meier
survival analysis showed that the mean and median survival were
the following: group 1 (91 and 110 months), group 2 (75 and 72
months), group 3 (68 and 61 months) and group 4 (12 and 6
months), with Log rank p< 0.0001 (Fig. 3). According to the
screening univariate Cox regression, E-LMS had worse OS than E-
GIST (HR 3.1, CI 1.83e5.11, p< 0.001). Those who underwent
esophagectomy had better OS (HR 0.4, CI 0.3e0.7, p< 0.001).
Additionally, univariate analysis demonstrated poor survival with
advanced age and tumor size >10 cm. The univariate screening Cox
regression models showed that the gender, race, year of diagnosis,



Table 1
Baseline characteristics of esophageal GIST and LMS patients.

Baseline characteristics GIST LMS P-Value

N¼ 141 N¼ 38

Demographic characteristics
Age (years, Mean & SD) 66.1± 12.3 64.7± 11.9 0.8
Gender (Males) 76(54%) 23(61%) 0.5
Race(White) 108(77%) 25(66%) 0.2
Diagnosis (2004e2009) 64/141(45%) 25/38(66%) 0.03
Diagnosis (2010e2014) 77/141(55%) 13/38(34%)

Cancer characteristics (N, %)
Tumor in mid-esophagus 24/104(23%) 9/29(31%) 0.4
Tumor in lower esophagus 74/104(71%) 17/29(59%) 0.4
Tumor size (cm) 6.2± 3.9 6.1± 3.9 0.8
Tumor size 5e9.9 cm 45/124 (36%) 12/31 (39%) 0.9
Tumor size� 10 cm 23/124 (19%) 6/31 (19% 0.9
Tumor grade (High) 19/40 (48%) 17/21 (81%) 0.02

Treatment characteristics and outcomes
Esophagectomy 78/141(55%) 19/38(50%) 0.6
Systemic therapy 66/134(49%) 9/35(26%) 0.01
Diagnosis to surgery interval (days,mean, sd) 77± 11.1 42± 10.3 0.03
Diagnosis to systemic treatment interval (days, mean, se) 70± 9.5 50± 9.5 0.1
Neoadjuvant systemic treatment 13/39 (33%) 1/12(8%) 0.08
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tumor grade, tumor location and systemic treatment were not
predictors of OS (Table 2). The multivariate Cox regression showed
that increase age per year (HR 1.1, 95% CI 1.03e1.10, p< 0.001),
tumor size >10 cm (HR 2.6, 95% CI 1.25e5.45, p¼ 0.01), esoph-
agectomy (HR 0.5, 95% CI 0.25e0.95, p¼ 0.03) and E-LMS vs E-GIST
(HR 5.0, 95% CI 2.41e10.42, p< 0.001) were significant predictors of
mortality (Table 2).

Further subgroup analysis of E-GIST patients who underwent
esophagectomies was performed with known sequence of surgical
and systemic treatments and survival status. There were 12 and 20
patients who had neoadjuvant and upfront surgery, respectively.
We observed a higher median and mean survival time (98 and 111
months) for neoadjuvant group vs. those had upfront surgery (79
Fig. 2. The Overall Survival among Esophageal GastroIntestinal St
and 80 months). However, OS was not statistically different be-
tween the upfront surgery and neoadjuvant groups of E-GIST.

Discussion

To our knowledge, our study includes the largest number of E-
GIST/E-LMS published to date. The results of our study suggest the
following: 1) E-GIST has better overall survival than E-LMS after
controlling other variables including surgery, 2) Surgery is the
cornerstone treatment in both tumors with survival benefit in both
E-GIST and E-LMS, 3) There was a higher rate of systemic treatment
and trend of a higher rate of neoadjuvant therapy in E-GIST
compared to E-LMS, 4) E-GIST patients with neoadjuvant therapy
romal Tumor (E-GIST) and Leiomyosarcoma(E-LMS) patients.



Fig. 3. The Overall Survival among Esophageal GastroIntestinal Stromal Tumor (E-GIST) and Leiomyosarcoma (E-LMS) patients according to their surgical treatment.
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had higher median and mean survival than those underwent
upfront surgery, however this was not statistically significant, 5)
Over the past decade, there is a rising rate of diagnosed E-GIST in
conjunction with drop in E-LMS, rate that could be attributed to
superior immunohistochemistry techniques and a resolved
misclassification dilemma, 6) advanced age and tumors larger than
10 cm in diameter were independent predictors of poor survival.

We demonstrated that E-GIST has an independent superior OS
than E-LMS, with higher 3-year and 5-year OS (78% and 63%)
among E-GIST compared to the largest prior report of a 55 E-GIST
patients (72% and 48%).13 Likewise, our results corroborate that of
Wu et al. (SEER data base study) about the superior survival of E-
GIST compared to E-LMS (5-year OS: 77% and 30%, respectively).2

Furthermore, the long term results of an early adjuvant imatinib
trial, including mostly gastric and enteric GIST, reported a 3- and 5-
year OS of 97% and 83%, respectively.14 Of note, these OS rates of
GIST are remarkably superior to the historical 5-year OS of 28e35%
of the pre-imatinib era.15,16 On the other hand, our current results
showed lower E-LMS OS rates than those reported prior 2000s. In
1992, Ng et al. reported 28% 5-year OS for the gastrointestinal
LMS,16 which is higher than our current study with E-LMS 5-year
Table 2
Cox regression analyses for Predictors of Mortality among Esophageal Gastrointestinal S

Variables Univariate analysis

HR (95%CI)

Age (per year) 1.07 (1.04e1.10)
Sex (male) 1.4 (0.87e2.40)
Race (Caucasian) 1.2 (0.70e2.10)
Year of diagnosis (Ref: 2004e2009) 0.8 (0.42e1.37)
Tumor location (Ref: lower)
Upper esophagus 1.6 (0.57e4.73)
Mid esophagus 1.2 (0.59e2.31)
Tumor size
Tumor size 5e9.9 cm (Ref <5 cm) 0.8 (0.42e1.62)
Tumor� 10 cm (Ref <5 cm) 2.2 (1.14e4.42)
Tumor grade (high) 2.1 (0.77e5.72)
Esophagectomy 0.4 (0.26e0.72)
Systemic treatment 1.0 (0.59e1.65)
E-GIST vs. E-LMS 3.1 (1.83e5.11)
OS of 23%. This observation is likely because of prior inclusion of
E-GIST patients with better OS survival under E-LMS categorization.
Now that those patients are properly classified as E-GIST with the
considerable development of tyrosine kinases inhibitors and
effective systemic therapy for them17,18; the real, now isolated, E-
LMS poor overall survival rates are observed, especially with little
advancement in its systemic therapy.

While the survival advantage of esophagectomy patients could
be a surrogate to better performance status and less tumor burden,
the E-LMS continued to have poor survival even after esoph-
agectomy in comparison to E-GIST. Furthermore, we found a
modest higher mean and median survival time of E-GIST patient
who had no surgical resection than E-LMS patients who had
esophagectomy. Interestingly, our results demonstrated the inde-
pendent positive impact of esophagectomy on OS among both E-
GIST and E-LMS patients, while systemic treatment did not. This
concurs with prior published literature suggesting surgical resec-
tion as the cornerstone treatment of E-GIST and E-LMS.2,4

Conversely, Wu et al. showed better survival with esophagectomy
in E-LMS but not E-GIST; this can be attributed to the small number
of E-GIST (only 26 patients) included in that study.2
tromal Tumor and Leiomyosarcoma Patients.

Multivariate analysis

P-Value HR (95%CI) P-Value

0.001 1.1 (1.03e1.10) 0.001
0.2
0.5
0.36

0.35
0.66

0.6
0.02 2.6 (1.25e5.45) 0.01
0.2
0.001 0.5 (0.25e0.95) 0.03
0.9
0.001 5.0 (2.41e10.42) 0.001
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Of note, Lott et al. described the superior 3- and 5-year OS in
gastric GIST (85% and 77%) compared to E-GIST (72% and 48%).13

This survival difference could be attributed to both anatomical
and biological factors. While esophagectomies are considered
morbid procedures, most gastric GISTand LMS resections entail just
partial or sleeve gasterectomies. Moreover, previous reports
showed higher rate of wild type, higher mitotic figures and high-
risk GIST in E-GIST compared to gastric GIST.13,19

Though we found higher mean and median survival among E-
GIST patients with neoadjuvant therapy vs. those with upfront
surgery, the number of the patients was too small to reach statis-
tical significance. Interestingly, both E-GIST and E-LMS had com-
parable tumor size with (mean tumor diameter¼ 6 cm for both,
p¼ 0.8), but there was a higher systemic treatment rate and neo-
adjuvant therapy among E-GIST (49% and 33%) vs. E-LMS (26% and
8%). This reflects the widespread acceptance/tolerance of the neo-
adjuvant approach among E-GIST in comparison to E-LMS. In study
including GISTof various anatomical sites, Rutkowski et al. reported
excellent outcomes with neoadjuvant imatinib therapy for locally
advanced GIST (5-year OS¼ 95% and R0 resection of 83%).12 We
speculate that the neoadjuvant therapy of E-GIST will decrease the
potential of tumor rupture and improve R0 resection rate for these
anatomically challenging procedures, especially in tumors with
favorable genetic mutations (e.g. exon 11 mutations).

There was a significant reciprocal change of the rate of E-GIST
and E-LMS through the reported years (2004e2014) that suggest a
correction of a prior misclassification. However, there is to some
extent a steady rate for both diseases after 2010. These findings
could be attributed the historical evolution of pathological immu-
nohistochemistry (IHC) as a pivotal role in identification of GIST. In
1983, Mazur and Clark were the first to report the gastric stromal as
a distinguished entity that should not be classified as nerve sheath
or smoothmuscle tumors.20 However, differentiation of the smooth
muscle tumors from GIST remained a pathological challenge until
further tumor definitions based on their IHC profile were adopted.
In 2001, Miettinen et al. defined the GIST as the primary gut tract
mesenchymal tumors with positive tyrosine-protein kinase (KIT)
receptor (also known as CD117) with approximately 70% of these
tumors stained positive for CD34.11 They all also reported the
possible IHC staining of GIST tumors with smooth muscle tumor
and neurogenic tumors markers (20e30% GIST were positive for
smooth muscle actin (SMA), <5% GIST were positive for desmin and
10% were positive for S100 protein).11 Further IHC markers, platelet
derived growth factor receptor alpha (PDGFRA) and a later
Discovered On-GIST 1 (DOG-1) antibody, were developed to iden-
tify the non-mutated KIT GIST (also known as Wild type GIST). In
2004, West et al. demonstrated the ubiquitous expression of DOG-1
marker in GIST irrespective of their KIT or PDGFRA mutation sta-
tus,21 however later recognition of the limitations of both KIT and
DOG-1 was illustrated by Miettinen et al., in 2009.22

The baseline characteristic of our study showed no gender
predilection (i.e. 54% of E-GIST were males), contrary to prior re-
ports of male predominance.13,19,23 The negative impact of
advanced age2 and tumor size >10 cm, were not surprising and they
similar to data from previous studies.15,24 The E-GISTs were mostly
in lower esophagus (71%), but the number of E-LMS was small to
study their location predilection. We speculate that the E-GIST's
distal tendency could be attributed to the distribution of interstitial
cells of Cajal within the esophageal muscularis as suggested by
previous studies.25,26

We acknowledge that our study has several limitations. Despite
including a relatively large number of patients, the data analyzed is
extracted from nationwide registry, which may include potential
bias. Our study is also limited by the retrospective nature and the
lack of intention to treat analysis. The limited number of patients
underwent radiotherapy and local excision precluded sub-analyses
to evaluate the impact of these modalities on survival. The NCDB
does not have records about the mutation analysis of these tumors,
which are currently an integral tool to direct the treatment for GIST.
Nevertheless, the current study provides the largest series of E-GIST
and E-LMS to date.

Conclusion

In this study, we found a rising rate of diagnosed E-GIST in
conjunction with a declining rate of diagnosed E-LMS over the past
decade. E-GIST had better OS than E-LMS after controlling for
confounding factors. Surgical resection is the cornerstone treat-
ment for both entities. We also showed a higher rate of systemic
treatment, including neoadjuvant therapy in E-GIST. Further
studies assessing the role of the neoadjuvant therapy in E-GIST and
the introduction of more effective systemic therapies for E-LMS are
warranted.
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