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Background: Current published information of adenosquamous carcinoma (ASC) of the esophagus in the 
United States is limited to isolated case reports. We sought to study the clinical characteristics of this tumor 
using the Surveillance, Epidemiology and End Results (SEER) database.
Methods: Relevant data of all patients with esophageal cancer in the SEER database diagnosed from  
1998–2010 was obtained. Demographic, grade, stage, treatment and survival characteristics of patients with 
ASC were summarized and compared to those patients with adenocarcinoma (ACA) and squamous cell 
carcinoma (SqCC). Univariate analyses across comparison groups were performed using Wilcoxon rank 
sum test for continuous covariates and the Pearson Chi-square test for categorical covariates. To evaluate 
the association of selected covariates to survival by histology, unadjusted and adjusted proportional hazards 
models were generated for the entire study population. To further control for the difference in covariates 
among the histology groups, propensity weighted Cox regression modeling was performed using the inverse 
propensity to treat weighting (IPTW) approach.
Results: Of 29,890 patients with the histological subgroups, only 284 patients had ASC (1%). Patients with 
ACA had a higher grade (72.9% with grade III/IV) and presented with advanced stage (48.2% distant disease) 
than their comparison group. Patients with ASC had worse overall survival compared to ACA but not SqCC 
in both univariate and multivariate analyses (OR =0.76; P<0.05 and OR =0.86; P<0.05 respectively). These 
results were further confirmed by the propensity weighted Cox regression analysis. Analysis of the ASC 
population alone demonstrated that decreasing stage, radiation therapy (OR =0.59; P<0.001) and surgery  
(OR =0.86; P<0.001) were associated with better overall survival, but grade was not.
Conclusions: ASC of the esophagus is a rare histological variant comprising 1% of esophageal ACA in 
the Unites States. This histological subtype presents in later stages, at a higher grade and portends a poorer 
survival than the more common ACA. Radiation therapy and surgical resection of appropriate stage patients 
provide the best chance of survival.
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Introduction

Primary adenosquamous carcinoma (ASC) of the esophagus 
is a rare entity. Most descriptions of this variant of esophageal 
cancer consist of case reports or small case series (1-13). 
While most reports from the western world are single cases, 
recently small case series have been reported from China 
and Japan (14-17). To the best of our knowledge, no case 
series have been reported from the United States. Therefore, 
little information exists regarding the demographics, clinical 
characteristics and outcomes associated with this disease. 
The Surveillance, Epidemiology, and End Results (SEER) 
Program of the National Cancer Institute collects data 
from various locations and sources throughout the United 
States. SEER currently collects cancer incidence and survival 
data from population based cancer registries that cover 
approximately 30% of the US population. This translates 
to available information on a large number of tumors of 
any single organ. Therefore, the SEER database serves as 
a useful resource to get a snapshot of the basic features of 
rare tumors that are unlikely to be treated in any single 
institution. Given the rarity of adenosquamous cancers of 
the esophagus and the availability of the SEER database, 
we sought to study the clinical characteristics of ASC in the 
United States. We also compared these characteristics to 
those of the commonly treated adenocarcinoma (ACA) and 
the increasingly uncommon squamous cell carcinoma (SqCC) 
of the esophagus.

Methods

All patients in the SEER database with a diagnosis of 
esophageal ACA, SqCC and ASC from 1998–2010 were 
included with the use of site specific histology codes (8,560/3 
and 8,562/3 for adenosquamous; 8,140 for ACA and 8,070 
for squamous cell cancer). Demographic data, stage, grade, 
treatment data and survival data were obtained. Overall 
survival data was censored at 96 months of follow up. 

Clinical characteristics of patients with the three 
histologies were compared for significant differences. 
Univariate associations between potential confounders and 
histology for the three histological types were evaluated 
by the Wilcoxon rank sum test for continuous covariates 
and the Pearson Chi-square test for categorical covariates.  
A P value of ≤0.05 was considered significant. To evaluate 
the association of selected covariates to survival by histology, 
unadjusted and adjusted proportional hazards models were 
generated for the entire study population. The adjusted 

models controlled for age (used as a continuous variable), 
gender (female in reference to male), race (black and other 
race in reference to white), grade (III/IV in reference and 
unknown in reference to I/II), stage (distant and regional in 
reference to localized), radiation treatments (yes versus no), 
histology (ACA and SqCC in reference to ASC ), site (lower 
abdominal, NOS or mid-thoracic to upper cervical), lymph 
node evaluation (yes or unknown to no examination) and 
surgical resection (no resection to resection of the tumor).

To further control for the difference in covariates 
among the histology groups, the inverse propensity to treat 
weighting (IPTW) approach was implemented. IPTW is 
preferred to matching, and other methods, in the context of 
a time to event analysis to estimate the average treatment 
effect (ATE) (18). Propensity weights were calculated using 
logistic regression, modeling the odds of ASC verses both 
ACA and SqCC. Age, race, sex, grade, stage, radiation, site, 
and node examined were considered as covariates variables. 
The predicted probabilities were used to calculate weights 
to create weighted samples. Proc SURVEYPHREG was 
used to perform a propensity weighted Cox regression 
model regressing survival on an indicator variable denoting 
histology. Proc LIFETEST was used to obtain Kaplan-
Meier curves of the weighted samples.

In addition, the patients with ASC were analyzed 
independent of other histological types in order to assess 
the relationship of different variables to overall survival in 
this subgroup. Multivariate analysis of this subgroup was 
not performed given the small number of patients. Also, 
Kaplan-Meier survival curves were created, comparing the 
three histologic groups, stratified by grade I/II vs. III/IV. 
Log rank tests were performed and expressed as P value.

Results

Selection of patients using the inclusion criteria listed above led to 
a total study population of 29,890 patients with 11,496 (38.5%),  
18,110 (60.6%) and 284 (1%) patients with SqCC, ACA and 
ASC respectively. Table 1 summarizes clinical characteristics 
of the three histologic subgroups. From a demographic and 
tumor location point of view, ASC seems closer to ACA than 
SqCC. However, ASC tumors seem to be more aggressive—
they have a much higher grade on average and tend to present 
at a higher stage whether the SEER historic stage or the AJCC 
staging is used. Resection rates of ASC are higher than SqCC 
and about the same as ACA. Both ACA and ASC have a higher 
resection rate with a lower proportion undergoing radiation 
when compared to SqCC.
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Table 1 Clinical characteristics of patients with adenocarcinoma (ACA), adenosquamous carcinoma (ASC) and squamous cell carcinoma (SqCC)

Characteristic ACA (%) SqCC (%) ASC (%) Total (%) P value

Count 18,110 (60.6) 11,496 (38.5) 284 (1.0) 29,890 (100.0)

Age (years)/SEM 66.4/13.8 67.3/11.5 65.3/11.3 66.8/13.0

Gender <0.001

Male 15,610 (86.2) 7,531 (65.5) 239 (84.2) 23,380 (78.2)

Female 2,500 (13.8) 3,965 (34.5) 45 (15.8) 6,510 (21.8)

Race <0.001

White 17,246 (95.2) 7,370 (64.1) 244 (85.9) 24,860 (83.2)

Black 445 (2.5) 3,015 (26.2) 24 (8.5) 3,484 (11.7)

Other 419 (2.3) 1,111 (9.7) 16 (5.6) 1,546 (5.2)

Grade <0.001

I/II 7,112 (39.3) 4,850 (42.2) 44 (15.5) 12,006 (40.2)

III/IV 8,107 (44.8) 4,591 (39.9) 207 (72.9) 12,905 (43.2)

Unknown 2,891 (16.0) 2,055 (17.9) 33 (11.6) 4,979 (16.7)

SEER historic stage <0.001

Localized 4,980 (27.5) 3,212 (27.9) 41 (14.4) 8,233 (27.5)

Regional 5,823 (32.2) 4,323 (37.6) 106 (37.3) 10,252 (34.3)

Distant 7,307 (40.3) 3,961 (34.5) 137 (48.2) 11,405 (38.2)

AJCC staging (2004+) <0.001

I/IIa 3,665 (32.4) 2,152 (34.6) 32 (20.1) 5,849 (33.1)

IIb–IVa 3,966 (35.1) 2,528 (40.7) 65 (40.9) 6,559 (37.1)

IVb 3,669 (32.5) 1,535 (24.7) 62 (39.0) 5,266 (29.8)

Primary site <0.001

Cervical/upper 253 (1.4) 1,999 (17.4) 12 (4.2) 2,264 (7.6)

Thoracic/middle 1,459 (8.1) 4,590 (39.9) 60 (21.1) 6,109 (20.4)

Abdominal/lower 14,451 (79.8) 3,292 (28.6) 177 (62.3) 17,920 (60.0)

Esophagus, NOS 1,947 (10.8) 1,615 (14.0) 35 (12.3) 3,597 (12.0)

Surgery <0.001

Resection 5,637 (31.1) 1,826 (15.9) 93 (32.7) 7,556 (25.3)

No resection 12,473 (68.9) 9,670 (84.1) 191 (67.3) 22,334 (74.7)

LN examined <0.001

No 12,123 (66.9) 9,237 (80.3) 191 (67.3) 21,551 (72.1)

Yes 5,801 (32.0) 2,157 (18.8) 92 (32.4) 8,050 (26.9)

Radiation <0.001

No 8,502 (46.9) 4,125 (35.9) 128 (45.1) 12,755 (42.7)

Yes 9,608 (53.1) 7,371 (64.1) 156 (54.9) 17,135 (57.3)

SEM, standard error of mean; NOS, not otherwise specified; LN, lymph nodes.
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Survival analyses of the combined population demonstrate, 
as expected, that stage, grade, radiation therapy and 
resectability are associated with overall survival. Univariate 
analysis demonstrates that, despite similar stage and resection 
rates, patients with ASC have poorer survival than ACA and 
similar survival to SqCC. This association holds true after 
adjusting for confounding variables on multivariate analysis 
(Table 2). Additionally, propensity weighted analyses were 

conducted comparing ASC to ACA and ASC to SqCC. 
Confirming the results of the multivariate analysis, these 
analyses showed that the survival of patients with ASC was 
significantly worse when compared to ACA, but not so when 
compared to SqCC (Figure 1).

Univariate analyses examining the relationship of 
different variables with survival of patients with ASC 
(Table 3) shows that decreasing stage, radiation therapy and 

Table 2 Variables associated with overall survival in univariate and multivariate analysis for all patients

Variable Reference level
HR (95% CI)

Univariate analysis Multivariate analysis

Age 1.01 (1.00–1.01) 1.01 (1.01–1.01)

Grade

III/IV I/II 1.32 (1.29–1.36) 1.22 (1.19–1.26)

Unknown I/II 1.08 (1.04–1.13) 0.93 (0.90–0.97)

Stage

Distant Localized 2.90 (2.80–3.00) 2.44 (2.35–2.52)

Regional Localized 1.36 (1.31–1.41) 1.63 (1.57–1.69)

Nodes examined

Unknown No 1.07 (0.95–1.21) 0.96 (0.85–1.09)

Yes No 0.41 (0.40–0.43) 0.78 (0.74–0.82)

Race

Black White 1.31 (1.26–1.36) 1.15 (1.10–1.20)

Other White 1.08 (1.02–1.15) 0.95 (0.90–1.01)

Radiation

Yes No 0.76 (0.74–0.78) 0.62 (0.60–0.63)

Gender

Female Male 1.02 (0.99–1.05) 0.95 (0.92–0.98)

Histology

ACA ASC 0.76 (0.67–0.87) 0.86 (0.76–0.98)

SqCC ASC 0.93 (0.81–1.06) 0.96 (0.84–1.09)

Site

Lower/abdominal Upper/cervical 0.91 (0.86–0.95) 1.06 (1.01–1.12)

NOS Upper/cervical 1.24 (1.17–1.32) 1.20 (1.13–1.27)

Mid/thoracic Upper/cervical 1.07 (1.01–1.13) 1.10 (1.04–1.16)

Surgery

No resection Resection 2.84 (2.74–2.93) 2.06 (1.94–2.18)

ACA, adenocarcinoma; ASC, adenosquamous carcinoma; SqCC, squamous cell carcinoma; HR, hazard ratio; CI, confidence interval; 
NOS, not otherwise specified.
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surgical resection are all associated with better outcomes 
in this population. As has been seen with other histological 
groups of esophageal cancer, examination of lymph nodes 
during surgery is associated with improved survival, 
suggesting that this could be a marker of the quality of 
the oncological resection. Interestingly, when the survival 
across all three histological subgroups is compared across 
histological grade (Figure 2), ASC and SqCC demonstrate 
worse overall survival when compared to ACA only in the 
grade I/II population.

Discussion

Consistent with existing literature, ASC of the esophagus 
is a rare entity, comprising approximately 1% of the total 
esophageal cancer population in the United States. According 
to WHO classification of esophageal cancer (19), ASC of 
the esophagus is a variant of ACA that “has a significant 
squamous carcinomatous component that is intermingled 
with a tubular adenocarcinoma”. Due to this rarity, most 
reports of this tumor in the United States are limited to case 

Figure 1 Kaplan Meier overall survival curves for propensity score weighted analyses of patients with adenosquamous carcinoma of the 
esophagus compared to those with adenocarcinoma (A) and squamous cell carcinoma (B) of the esophagus.
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Table 3 Variables associated with overall survival in univariate analysis in patients with adenosquamous esophageal cancer

Variable Reference HR (95%CI) P value

Age 1.02 (1.00–1.03) 0.009

Sex (female) Male 0.95 (0.66–1.35) 0.754

Race (black) White 1.14 (0.74–1.76) 0.552

Race (other) White 0.70 (0.38–1.28) 0.242

Grade (III/IV) I/II 1.30 (0.90–1.89) 0.164

Grade (unknown) 1.35 (0.82–2.24) 0.241

Stage (distant) Localized 1.96 (1.33–2.89) ≤0.001

Stage (regional) Localized 0.82 (0.55–1.23) 0.338

Nodes examined (yes) No 0.47 (0.35–0.63) ≤0.001

Radiation (yes) No 0.59 (0.45–0.76) ≤0.001

Site 

Abdominal/lower Cervical/upper 1.47 (0.75–2.90) 0.261

NOS Cervical/upper 1.85 (0.87–3.92) 0.110

Thoracic/middle Cervical/upper 1.71 (0.84–3.48) 0.138

Surgery (no resection) Resection 2.31 (1.73–3.09) ≤0.001

NOS, not otherwise specified; HR, hazard ratio; CI, confidence interval.
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reports. Therefore, a description of clinical characteristics 
of this tumor has been lacking.

Our current study shows that the demographics and 
clinical characteristics of ASC are somewhat closer to ACA 
rather than SqCC of the esophagus. Most are found in the 
lower third or the abdominal portion of the esophagus and 
present in advanced stage. They tend to be higher grade 
tumors with poorer prognosis. This is consistent with most 
published literature. However, what is different in this 
analysis is that the outcome of ASC seems equivalent to 
SqCC. This is different from the findings of Chen et al. (17),  
who found that ASC had a prognosis worse than that of 
SqCC. This may be explained that by the fact that Chen 
et al. did not perform a multivariate analysis of the entire 
population to adjust for the difference in outcome with ASC 
to advanced presentation vs. the innate aggressiveness of the 
tumor. Another possibility is that SqCC of the esophagus 
tends to have worse overall outcomes in the United States 
than most series in the East. In contrast to the finding of 
both of these series, Yachida et al. (14) found that ASC has 
a better prognosis than SqCC in their series of 18 patients 
with this disease. This may be at least partly due the fact that 
ASC tumors in this series were early stage tumors with low T 
status.

Another interesting discrepancy is the viewpoint of some 
recent authors who have performed careful pathological 
examination and surmise that these tumors arise in a bed 
of squamous cell cancer (17). This may due to the fact that 
the predominant histopathology in the population in which 
the ASC variant was found was squamous cell cancer. In 
contradiction, several reports exist of the occurrence of 
ASC in a bed of Barrett’s dysplasia (11). Also, animal models 
of esophageal cancer show an association between duodenal 
reflux and the occurrence of adenosquamous tumors (20). 

Perhaps, the final ASC histology may be the result of de-
differentiation of tumors of either histological origin.

A major limitation of this study is the reliance of 
retrospective analysis and lack of expert histological 
examination of each specimen. Also, an audit of the specific 
pathology studied is not possible to avoid misclassification 
bias. In addition, detailed treatment information is not 
available to dissect out the impact of specific treatment 
regimens. Given these limitations, specific treatment 
recommendations cannot be made. The positive association 
of both radiation and surgery on overall survival suggests 
that treatment decisions should be based on stage rather 
than the presence of ASC, and that radical treatment should 
not be withheld based on the presence of ASC alone.

Conclusions

ASC of the esophagus is a rare histological variant 
comprising 1% of esophageal ACA in the Unites States. 
This histological subtype presents in later stages, at a 
higher grade and portends a poorer survival than the more 
common ACA. Despite this radiation therapy and surgical 
resection of appropriate stage patients provide the best 
chance of survival.
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Figure 2 Kaplan Meier overall survival curves for patients with adenosquamous carcinoma of the esophagus compared to other histologies 
for low (A) and high (B) grade tumors.
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