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Abstract

Background

Adenosqamous carcinoma (ASC) is a rare disease involving various organs, yet there are

no large-scale population-based comparative studies on ASC among different organs.

Methods

The incidence and overall survival of ASC among various organs in cases diagnosed in Tai-

wan from January 1, 2003 to December 31, 2010 were calculated and compared using data

from the Taiwan Cancer Registry (TCR). The various organs were classified and divided

into three different systems: the female reproductive, respiratory, and alimentary systems.

Survival analysis were also compared among 30,850 patients diagnosed as ASC, adeno-

carcinoma (AC) or squamous cell carcinoma (SCC) in organs with frequent ASC.

Results

During the study period, a total of 576 ASC cases were diagnosed in Taiwan. The most

common primary system was respiratory (73.8%), followed by alimentary (16.2%) and

female reproductive (10%). The overall survival were significantly higher for cases involving

the female reproductive system, followed by the respiratory and alimentary systems (P =

0.016). The median overall survival were worse in males than females for cases involving

the respiratory system (22.4 vs. 31.8 months, P = 0.044). Multivariate analysis showed that

age≧65, more advanced T and N categories were independent unfavorable prognostic fac-

tors of overall survival in ASC. ASC histology is an independent unfavorable prognostic fac-

tor compared with AC and SCC.
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Conclusions

ASC at an old age and more advanced T and N categories were found to be associated

with a poor prognosis.

Introduction
The histologic features of adenosquamous carcinoma (ASC) include an infiltrating neoplasm with
solid and glandular components; squamous differentiation is evidenced by individual cell keratini-
zation, intercellular bridges, keratin pearl formation and/or dyskeratosis, and glandular differenti-
ation by various-sized gland formations and intracellular and intraluminal mucin]. To qualify as
ASC, both adenocarcinoma and squamous cell carcinoma components must be present. ASC has
aggressive clinicopathological features and a poorer prognosis than typical adenocarcinomas.

ASC is a rare variant of metaplastic carcinoma in various organs, and the prognostic role of
ASC histology is different among organs. For examples, ASCs of breast cancer [2] are often low
grade and characterized by a favorable prognosis. In cervical cancer, it remains controversial
whether the ASC histological subtype is an independent prognostic factor. Although some
studies do not make a distinction between adenocarcinoma and ASC and include ASC as a sub-
type of adenocarcinoma when evaluating the outcomes of cervical cancer [3–6], others studies
report that patients with ASC have a poorer prognosis than those with adenocarcinoma [7–9].

In lung cancer, ASC is an unusual and aggressive form of non-small cell lung carcinoma
and accounts for 0.4–4% of all lung cancers [10–16]. In head and neck cancer, ASC is a rare
malignancy and the tumor behavior is extremely aggressive, with 80% of patients developing
metastases [17,18].

In the alimentary system, esophageal ASC is a rare disease, representing 0.92% of all esoph-
ageal carcinomas; the prognosis is poorer than that of esophageal squamous cell carcinoma but
similar to that for poorly differentiated SCC patients [19,20]. ASC in gastric cancer is very rare,
comprising<0.5% of all gastric malignancies [21–24]; most of the reported cases are in Asians,
and the disease is associated with a poor prognosis. ASC in colorectal cancer is as rare as 0.09%
and is associated with higher overall and colorectal-specific mortality compared with adenocar-
cinoma [25]. With regard to the liver, most malignant primary tumors are hepatocellular carci-
noma and cholangiocarcinoma. ASC of the liver which is considered to be a variant of
cholangiocarcinoma is very rare and has a poor prognosis [1]. In the extrahepatic bile duct,
ASC accounts for 2–5% of cases, with a worse survival than in cases of adenocarcinoma [26].
These results suggested a very low incidence rate of ASC in various organs.

This study analyzed the incidence rate and the overall survival rate of ASCs in Taiwan using
data from the Taiwan Cancer Registry (TCR) from 2003 to 2010. Furthermore, we also per-
formed the survival analysis for patients diagnosed as AC, SCC or ASC in organs frequent with
ASC. To our knowledge, this is the first nation-wide cancer registry-based study of ASCs.

Materials and Methods
The ASC cases diagnosed between January 1, 2003 and December 31, 2010 were identified from
the TCR, which was established in 1979 to monitor the incidence and mortality rates of cancer in
Taiwan [27]. Under the current system, the TCR records 97% of the cancer cases in Taiwan [27],
and the quality of the TCR is comparable to other well-established cancer registries worldwide
[28,29]. The morphology (M) codes of the International Classification of Diseases for Oncology,
Field Trial Edition (ICD-O-FT) (for those diagnosed from January 1, 1996 to December 31,
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2001) or the International Classification of Diseases for Oncology, Third Edition (ICD-O–3) (for
those diagnosed after January 1, 2002) were used to identify ASC, adenocarcinoma (AC) and
squamous cell carcinoma (SCC) cases. The M code is 8560/3 for ASC, 8140/3 for AC, and 8070/3
for SCC. The ICD codes to identify the sites of ASCs are presented in the Table in S1 Table.

The male to female (M/F) ratios for all ASCs and the cases by organ systems were calculated.
The locations of ASCs were separated into three systems, including the female reproductive
system, the respiratory system, and the alimentary system. The date of death for the ASC cases
was determined by linking the TCR data to the national death database. Because the survival
rates of ASC in the alimentary system were poor and most patients died within 3 years, we use
log-rank test to calculate the median overall survival (OS) of ASCs instead of 3-yr or 5-yr OS
rates for all systems combined, by each system separately, and by gender. We also performed
survival analysis for patients diagnosed as AC, SCC or ASC in organs with frequent ASC. The
Cox proportional hazards regression model was performed to estimate the hazard ratio (HR)
and 95% confidence interval (CI) of death associated with system, age, and gender. This study
was approved by the Institutional Review Board of Taipei Veterans General Hospital, Taiwan
(IRB Number: 2014-03-005CC), and all clinical investigation has been conducted according to
the principles expressed in the Declaration of Helsinki. The records and information of
patients were anonymized and de-identified prior to analysis.

Results

Distributions of ASC by tumor site
The most common primary site of ASC was the respiratory system, followed by the alimentary
system, and the female reproductive system (73.8% vs. 16.2% vs. 10%, respectively, Table 1).

With regard to the female reproductive system, the most common primary site of ASC was
the uterus (44%), followed by the cervix (21%), breast (21%) and ovary (14%). For the alimen-
tary system, the most common primary site of ASC was the esophagus (2.9%), followed by the
colon (2.5%), oropharynx (1.9%), stomach (1.3%), liver (0.6%), and rectum/anus (0.6%). With
regard to the TNM stage, ASCs in the alimentary system were associated with more advanced

Table 1. Distribution of ASC by system.

Tumor site Age (y/o) TNM stage (I+II / III+IV) P-value

Female reproductive system (n = 56) 29/27 0.004*

Ovary (n = 8) 40.1±17.0 7/1

Uterus (n = 25) 53.5±6.6 12/13

Cervix (n = 11) 54.8±7.3 7/4

Breast (n = 12) 52.2±11.7 9/3

Respiratory system (n = 426) 139/287

Lung/bronchus (n = 426) 65.5±12.1 139/287

Alimentary system (n = 94) 24/70

Oropharynx (n = 16) 61.4±10.9 4/12

Esophagus (n = 24) 60.5±14.4 9/15

Stomach (n = 11) 69.9±12.8 10/1

Colon (n = 21) 58.8±297.8 5/16

Rectum/anus (n = 6) 71.3±9.8 3/3

Liver (n = 6) 69.2±10.4 5/1

Biliary tract (n = 10) 69.0±49.6 9/1

*the statistical difference of TNM stages among different systems

doi:10.1371/journal.pone.0139748.t001
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TNM stage (stage III and IV) compared with respiratory and female reproductive systems
(74.5% vs. 67.4% vs. 48.2%, P = 0.004).

As shown in Fig 1, the age standardized incidence rates of ASC were low between year 2003
and 2005 and increased to a plateau after year 2007, which was highest in the respiratory sys-
tem, followed by the alimentary system and the female reproductive system.

Survival
As shown in Table 2 and Fig 2, the overall survival was significantly higher for cases involving
the female reproductive system, followed by the respiratory and alimentary systems (P = 0.016).
Because the follow-up time and survival was short in some patients, we calculate the median
overall survival instead of 3-year or 5-year overall survival rate. The median overall survival were
unable to calculate in some patients because less than 50% of patients died until the last time of
follow-up. With regard to the respiratory system, the median overall survival was worse in males
than females (22.4 vs. 31.8 months, P = 0.044). There was no significant difference in the median
overall survival between males and females for cases involving the alimentary system.

Risk factors of overall survival
As shown in Table 3, univariate analysis showed that age≧65, tumor located in the alimentary
system, more advanced T and N categories, and a more advanced TNM stage were unfavorable
prognostic factors of overall survival in ASC. Age, tumor location, T and N categories were
included in a multivariate Cox proportional hazards model with forward logistics regression
stepwise procedure to adjust for the effects of covariates. In the model, we demonstrated that
age≧65 and more advanced T and N categories were independent unfavorable prognostic fac-
tors of overall survival in ASC.

Comparison of the clinicopathological characteristics between cervical
and respiratory tract
With regard to the clinicopathological characteristics, ASC located in the respiratory tract
(including the lung/bronchus) were associated with an older age, more advanced T and N cate-
gories, and a more advanced TNM stage compared to ASC in the cervical tract (including the
ovary, uterus and cervix). Univariate analysis showed that an older age, larger tumor size, more

Fig 1. The age-standardized incidence rates of ASC according to different systems.

doi:10.1371/journal.pone.0139748.g001
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advanced T and N categories, and more advanced TNM stage were unfavorable prognostic fac-
tors of overall survival. Age, tumor size, T and N categories were included a multivariate Cox
proportional hazards model with forward logistics regression stepwise procedure and demon-
strated that an older age and a more advanced T category were independent unfavorable prog-
nostic factors of overall survival (Table 4).

Table 2. The median overall survival of ASC.

Tumor
site

F/U
(month)

Median overall survival
(months)

Median Overall Male Female P-value for gender
difference

Female reproductive system
(n = 56)

11.0 — — — —

Ovary (n = 8) 10.2 — — — —

Uterus (n = 25) 9.5 — — — —

Cervix (n = 11) 12.0 — — — —

Breast (n = 12) 14.0 — — — —

Respiratory system (n = 426) 9.8 30.7 22.4 31.8 0.044

Lung/bronchus
(n = 426)

9.8 30.7 22.4 31.8 0.044

Alimentary system (n = 94) 8.8 16.4 16.4 25.2 0.302

Oropharynx (n = 16) 10.1 — — 6.1 0.424

Esophagus (n = 24) 9.1 — — — 0.115

Stomach (n = 11) 9.1 9.3 9.3 5.6 0.671

Colon (n = 21) 10.3 — — — 0.639

Rectum/anus (n = 6) 12.6 16.4 16.4 — 0.886

Liver (n = 6) 2.7 — — 1.9 0.157

Biliary tract (n = 10) 8.2 25.2 — 25.2 0.430

Oropharynx (n = 16) 11.0 — — — —

The median overall survival were unable to calculate in some patients because less than 50% of patients died until the last time of follow-up.

doi:10.1371/journal.pone.0139748.t002

Fig 2. The overall survival were significantly higher in ASC patients with tumor located in the female
reproductive system, followed by the respiratory system and alimentary system (P = 0.016).

doi:10.1371/journal.pone.0139748.g002
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Comparison among adenocarcinoma (AC), squamous carcinoma (SCC)
and ASC in different organs
We further compared the clinicopathological characteristics for 30,850 patients in the TCR
database, who were diagnosed as either AC, SCC or ASC in the cervix (n = 238), lung/bronchus
(n = 25,786), and esophagus (n = 4,826). As shown in Fig 3, the annual incidence rate of AC
was higher than SCC and ASC in lung/bronchus and cervix; however, the annual incidence
rate was highest for SCC, followed by AC and ASC in esophagus. The highest annual incidence
of AC was located in the cervix, followed by the lung/bronchus and esophagus. The highest
annual incidence of SCC was located in the cervix, followed by the lung/bronchus and
esophagus.

In Table 5, most ASC, SCC and ASC were diagnosed at a more advanced stage in the esoph-
agus and lung/bronchus, while most ASC, SCC and ASC were diagnosed at an earlier stage in

Table 3. Survival analysis to assess the risk of death of patients with ASC.

Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Primary tumor sites

Female reproductive system Ref

Respiratory system 3.08 1.352–7.017 0.007

Alimentary system 4.24 1.752–10.257 0.001

Age (y/o)

<65 Ref Ref

≧65 1.81 1.288–2.519 0.001 1.57 1.116–2.211 0.010

Tumor size

<4 cm Ref

4–8 cm 1.88 1.227–2.873 0.004

>8 cm 3.32 1.795–6.130 <0.001

Cell differentiation

Well Ref

Moderate 1.36 0.320–5.737 0.680

Poor 2.64 0.636–10.980 0.181

T category

T1 Ref Ref

T2 2.37 0.898–6.273 0.081 2.14 0.808–5.686 0.125

T3 7.39 2.879–18.953 <0.001 4.93 1.858–13.076 0.001

T4 7.80 3.159–19.269 <0.001 4.81 1.852–12.509 0.001

N category

N0 Ref Ref

N1 3.26 2.183–4.876 <0.001 1.86 1.187–2.924 0.007

N2 1.12 0.534–2.347 0.233 1.18 0.556–2.481 0.673

N3 13.78 5.314–35.755 <0.001 7.08 2.572–19.476 <0.001

TNM stage

I Ref

II 1.00 0.373–2.656 0.992

III 2.82 1.451–5.484 0.002

IV 6.77 3.686–12.416 <0.001

Ref: reference

doi:10.1371/journal.pone.0139748.t003
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the cervix. ASC was associated with a worse survival compared to AC and SCC in the esopha-
gus, lung/bronchus and cervix. Multivariate analysis showed that tumor located in the esopha-
gus, ASC histology, more advanced T and N categories were independent unfavorable
prognostic factors of overall survival (Table 6).

Discussion
Using the TCR data, the age standardized incidence rate was low between year 2003 and 2005,
and increased to a plateau after year 2007. The possible reasons include the improved quality
of cancer registration, the increased awareness of ASCs by clinicians, and improvements in
diagnostic technology. Because ASC is a rare histologic type in various organs, the low number
of cases might influence the overall survival rate. Therefore, we use the TCR data in Taiwan to
enroll additional patients, which might decrease selection bias and increase the reliability of
our results. Our results showed that the overall survival was significantly higher in cases involv-
ing the female reproductive system, followed by the respiratory and alimentary systems

Table 4. Univariate andmultivariate analysis of factors affecting the overall survival of the ASC located in the cervical and respiratory tract.

Univariate analysis Multivariate analysis

HR 95%CI P-value HR 95%CI P-value

Age (years)

<65 Ref Ref

≧65 2.01 1.372–2.939 <0.001 2.09 1.297–3.377

Tumor size (cm)

<4 Ref

4–8 1.98 1.240–3.160 0.004

>8 4.65 2.203–9.814 <0.001

Cell differentiation

Well Ref

Moderate 1.11 0.260–4.765 0.885

Poor 1.73 0.407–7.311 0.460

T category

T1 Ref Ref

T2 2.11 0.793–5.635 0.004 2.59 0881–7.636

T3 4.68 1.649–13.297 <0.001 6.26 1.851–21.165

T4 6.84 2.762–16.913 <0.001 7.71 2.772–21.430

N category

N0 Ref

N1 2.82 1.858–4.281 <0.001

N2 0.52 0.183–1.468 0.216

TNM stage

I Ref

II 1.34 0.501–3.566 0.241

III 2.11 1.045–4.275 <0.001

IV 5.70 3.081–10.529 <0.001

Tumor location

Cervical tract Ref

Respiratory tract 2.21 0.970–5.031 0.059

Ref: reference

doi:10.1371/journal.pone.0139748.t004
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(P = 0.016). Multivariate analysis showed that age≧65 and more advanced T and N categories
were independent unfavorable prognostic factors of overall survival in ASC. To our knowledge,
this is the first study comparing survival differences in ASC among different tumor locations.

With regard to the female reproductive systems, our results showed an excellent prognosis
and more than 50% of patients survived until the last time of follow-up. Our breast ASC
patients had a 100% 5-year OS rate, because breast ASC is usually low grade and associated
with a favorable prognosis [2]. There are few case reports in the literature of ovarian or endo-
metrial ASC [30,31], and the prognostic significance of ASC in the ovary or endometrium is
still unclear. For cervical cancer, ASC was reported to be an independent poor prognostic fac-
tor compared with adenocarcinoma, especially in advanced stage cervical cancer [7]. Similar
findings were observed in our study; with regard to cervical cancer, ASC was associated with a
worse overall survival compared with AC and SCC (hazard ratio 19.93, 95% CI 8.216–48.334).

Fig 3. The annual incidence rates of AC, SCC and ASC in different organs.

doi:10.1371/journal.pone.0139748.g003

Table 5. Comparison of the TNM stage at diagnosis and survival analysis among different histologic types of cancer in cervix, lung/bronchus, and
esophagus.

TNM stage (I+II / III+IV) Overall survival

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

Cervix (n = 238) 0.632

AC (n = 102) 77/25 Ref

SCC (n = 125) 94/31 0.68 (0.197–2.357) 0.545

ASC (n = 11) 7/4 19.93 (8.216–48.334) <0.001

Lung & bronchus (n = 25786) <0.001

AC (n = 18,927) 3,084/15,843 Ref

SCC (n = 6,433) 1,281/5,152 1.51 (1.441–1.585) <0.001

ASC (n = 426) 139/287 2.52 (2.244–2.820) <0.001

Esophagus (n = 4826) <0.001

AC (n = 981) 158/136/282/405 Ref

SCC (n = 3,821) 333/809/1,325/1,354 1.32 (1.164–1.493) <0.001

ASC (n = 24) 9/15 2.69 (1.650–4.387) <0.001

AC: adenocarcinoma; SCC: squamous cell carcinoma; ASC: adenosquamous carcinoma; Ref: reference

doi:10.1371/journal.pone.0139748.t005
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Regarding to the alimentary system, as shown in Fig 1 and Table 2, the overall survival was
poor in the alimentary tract. However, because of the very rare incidence of ASC in the alimen-
tary system, the small number of patients in the specific organs, such as stomach (n = 11), bili-
ary tract (n = 10), rectum/anus (n = 6) and liver (n = 6) would affect the results. Our previous
study of 7 cases of gastric ASC in a single institute also showed a poor prognosis with 3-year
overall survival rates of only 28.6% [24]. The extremely poor survival of gastric and biliary tract
ASC might be due to the aggressive tumor behavior and poor response to chemotherapy.
Reports [32] show that gastric ASC does not respond to the use of 5-FU-based chemotherapy,

Table 6. Survival analysis to assess the risk of death of patients with adenocarcinoma, squamous cell carcinoma and adenosquamous carcinoma
in the cervix, lung/bronchus, and esophagus.

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Primary tumor sites

Cervix Ref Ref

Lung/bronchus 1.02 0.967–1.001 0.070 1.09 0.889–0.949 <0.001

Esophagus 1.08 1.066–1.093 <0.001 1.13 1.106–1.152 <0.001

Histological type

AC Ref Ref

SCC 1.08 0.860–1.011 0.092 1.11 0.810–1.002 0.054

ASC 1.04 1.026–1.050 <0.001 1.06 0.919–0.959 <0.001

Age (y/o)

<65 Ref Ref

≧65 1.12 1.103–1.126 <0.001 1.10 1.085–1.121 <0.001

Tumor size (cm)

<4 Ref

4–8 1.00 0.992–1.017 0.511

>8 1.02 0.990–1.051 0.194

Cell differentiation

Well Ref

Moderate 1.01 0.977–1.011 0.469

Poor 1.01 0.969–1.007 0.211

T category

T1 Ref Ref

T2 1.10 0.899–0.929 <0.001 1.10 0.901–0.936 <0.001

T3 1.02 0.961–0.994 0.009 1.09 0.894–0.938 <0.001

T4 1.08 0.906–0.950 <0.001 1.15 0.867–0.918 <0.001

N category

N0 Ref Ref

N1 1.09 0.900–0.931 <0.001 1.06 0.917–0.952 <0.001

N2 1.12 0.872–0.907 <0.001 1.10 0.890–0.930 <0.001

N3 1.19 0.812–0.877 <0.001 1.15 0.833–0.909 <0.001

TNM stage

I Ref

II 1.10 0.899–0.928 <0.001

III 1.15 0.850–0.880 <0.001

IV 1.16 0.845–0.880 <0.001

AC: adenocarcinoma; SCC: squamous cell carcinoma; ASC: adenosquamous carcinoma; Ref: reference

doi:10.1371/journal.pone.0139748.t006
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such as TS–1, which might be observed when ASC originates in other organs. As a result, fur-
ther standard chemotherapy still needs to be established for the management of ASC.

It is interesting why the tumor location of ASC is associated with overall survival in univari-
ate analysis but not statistically significant in multivariate analysis. Only age and T and N cate-
gories were independent prognostic factors. We should be careful to explain the results. We
also analyzed the clinicopathological characteristics between ASCs located in the cervical tract
and respiratory tract. ASCs in the cervical tract were associated with a younger age and an ear-
lier tumor stage than those in the respiratory tract. Age and T category were independent prog-
nostic factors; however, the tumor location of ASC was not. It is possible that ASCs in the
female reproductive system, including the breast and cervical tract, might be associated with
palpable breast mass or vaginal bleeding, which could be detected by the patient herself more
easily than ASCs in other organs. ASCs in the female reproductive system are diagnosed at an
earlier stage and are associated with a better prognosis compared with ASCs located at other
systems. As a result, tumor location of ASC is not an independent prognostic factor of overall
survival.

Our results showed that while comparing with AC and SCC, ASC histology is an indepen-
dent unfavorable prognostic factor in the cervix, long/bronchus and esophagus. As a result,
ASC histology is associated with a more aggressive tumor behavior; different carcinogenesis
and genetic mutations might be involved in ASC.

In lung ASC [33], the frequency of EGFRmutations was reported to be 33.3% in tumor
specimens and which were significantly more frequent in women than men (44.4% vs. 25%)
and in never-smokers than smokers (40% vs. 16.7%). Moreover, the objective response rate
was 26.5%, and the disease control rate was 65.3% with EGFR-tyrosine kinase inhibitor (TKI)
treatment, such as gefitinib or erlotinib. In our study, women had a significantly better 3-year
overall survival with ASC of the respiratory system than did men, and this difference in survival
between women and men in our population may be explained by the carcinogenesis of ASC.
Among the 426 ASCs of the respiratory system, most patients (61.5%) were male. Smoking is a
risk factor for lung cancer, and the prevalence of male smokers is higher than that of female
smokers in Taiwan. As a result, we hypothesized that the gender difference in ASC of the respi-
ratory system might be due to different carcinogenesis between males and females.

Our previous study of gastric ASCs has shown that the component of adenocarcinoma and
squamous cell carcinoma in metastatic lymph nodes may influence prognosis. It would be
interesting to ascertain whether there is any difference between males and females for adeno-
carcinoma and squamous cell carcinoma components in the primary tumor and metastatic
lymph nodes. Further investigation of the adenocarcinoma and squamous carcinoma compo-
nents in ASC in various organs might answer this question.

Recently, some studies have investigated the molecular pathogenesis of ASCs in the pan-
creas, cervix, and lung [7,33,34]. ASC pancreatic tumors have somatic mutations in Up-frame-
shift 1 (UPF1), which encodes an RNA helicase essential for a highly conserved RNA
degradation pathway called nonsense-mediated RNA decay [33]. In cervical ASC [7], positive
rates of immunohistochemical staining for EGFR, PDGFRA, and VEGFR2 were found to be
43%, 100%, and 73.3%, which might predict the sensitivity of ASCs to specific anti-receptor
tyrosine kinases (RTK) drugs. In addition, the frequency of EGFRmutations in lung ASC was
reported to be 13.1%-33.3% [33,35], and KRASmutations in pulmonary adenocarcinomas are
resistant to EGFR tyrosine kinase inhibitor therapy [36]. As a result, both EGFR and KRAS
mutation should be examined in lung ASCs, and the results could provide useful information
for the targeted therapy of pulmonary ASCs.

Several limitations must be considered when interpreting the results of the present analysis.
The number of ASC cases may have been underestimated. However, to our knowledge, the
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ASC cases included in the present study is the largest series to date, and we expect that our
results will shed light on the study of ASC in the future.

In conclusion, the current article presents the first nation-wide cancer registry-based study
of ASC. Our data showed that T and N categories and age were independent prognostic factors
affecting overall survival. Further investigation of the carcinogenesis and treatment of ASC is
required to improve the prognosis of this rare histologic type of cancer.

Supporting Information
S1 Table. ICD codes for identifying the sites of adenosquamous carcinoma.
(DOC)

Acknowledgments
The current analysis was supported by the Szu-Yuan Research Foundation of Internal Medi-
cine (Number: 103024), and the data was provided by the Health and Welfare Statistics Appli-
cation Center (HWSAC), Ministry of Health and Welfare, Taiwan. We thank Ling-Chen Tai
and Tzu-HsuanWu for the technical support for data analysis.

Author Contributions
Conceived and designed the experiments: YTL KHH CALWLF MHC YC AFYL SHC CWW
YMS. Performed the experiments: LCT YTL KHHWLF. Analyzed the data: LCT YTL KHH
WLF. Contributed reagents/materials/analysis tools: LCT YTL KHHWLF. Wrote the paper:
YTL KHHWLF.

References
1. Bosman FT, Carneiro F, Hruban RH, Theise ND. (2010) WHO classification of tumours of the digestive

system. 4th ed. IARC.

2. Cha YJ, Kim GJ, Park BW, Koo JS. (2014) Low-grade adenosquamous carcinoma of the breast with
diverse expression patterns of myoepithelial cell markers on immunohistochemistry: a case study.
Korean J Pathol 48:229–33. doi: 10.4132/KoreanJPathol.2014.48.3.229 PMID: 25013422

3. Eifel PJ, Burke TW, Morris M, Smith TL. (1995) Adenocarcinoma as an independent risk factor for dis-
ease recurrence in patients with stage IB cervical carcinoma. Gynecol Oncol 59: 38–44. PMID:
7557613

4. Nakanishi T, Ishikawa H, Suzuki Y, Inoue T, Nakamura S, Kuzuya K. (2000) A comparison of progno-
ses of pathologic stage Ib adenocarcinoma and squamous cell carcinoma of the uterine cervix. Gynecol
Oncol 79: 289–293. PMID: 11063659

5. Huang YT, Wang CC, Tsai CS, Lai CH, Chang TC, Chou HH. (2012) Clinical behaviors and outcomes
for adenocarcinoma or adenosquamous carcinoma of cervix treated by radical hysterectomy and adju-
vant radiotherapy or chemoradiotherapy. Int J Radiat Oncol Biol Phys 84: 420–427. doi: 10.1016/j.
ijrobp.2011.12.013 PMID: 22365621

6. Lee JY, Lee C, Hahn SK, Kim HS, Chung HH, Kim JW, et al. (2015) A Comparison of Adenosquamous
Carcinoma and Adenocarcinoma of the Cervix after Radical Hysterectomy. Gynecol Obstet Invest. Feb
4. [Epub ahead of print] doi: 10.1159/000369387 PMID: 25661329

7. Farley JH, Hickey KW, Carlson JW, Rose GS, Kost ER, Harrison TA. (2003) Adenosquamous histology
predicts a poor outcome for patients with advanced-stage, but not early-stage, cervical carcinoma.
Cancer 97: 2196–2202. PMID: 12712471

8. Lea JS, Coleman RL, Garner EO, Duska LR, Miller DS, Schorge JO. (2003) Adenosquamous histology
predicts poor outcome in low-risk stage IB1 cervical adenocarcinoma. Gynecol Oncol 91: 558–562.
PMID: 14675676

9. Look KY, Brunetto VL, Clarke-Pearson DL, Averette HE, Major FJ, Alvarez RD, et al. (1996) An analy-
sis of cell type in patients with surgically staged stage IB carcinoma of the cervix: a Gynecologic Oncol-
ogy Group study. Gynecol Oncol 63: 304–311. PMID: 8946863

Adenosquamous Carcinoma in Taiwan

PLOS ONE | DOI:10.1371/journal.pone.0139748 October 7, 2015 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0139748.s001
http://dx.doi.org/10.4132/KoreanJPathol.2014.48.3.229
http://www.ncbi.nlm.nih.gov/pubmed/25013422
http://www.ncbi.nlm.nih.gov/pubmed/7557613
http://www.ncbi.nlm.nih.gov/pubmed/11063659
http://dx.doi.org/10.1016/j.ijrobp.2011.12.013
http://dx.doi.org/10.1016/j.ijrobp.2011.12.013
http://www.ncbi.nlm.nih.gov/pubmed/22365621
http://dx.doi.org/10.1159/000369387
http://www.ncbi.nlm.nih.gov/pubmed/25661329
http://www.ncbi.nlm.nih.gov/pubmed/12712471
http://www.ncbi.nlm.nih.gov/pubmed/14675676
http://www.ncbi.nlm.nih.gov/pubmed/8946863


10. Takamori S, Noguchi M, Morinaga S, Goya T, Tsugane S, Kakegawa T, et al. (1991) Clinicopathologic
characteristics of adenosquamous carcinoma of the lung. Cancer. 67:649–654. PMID: 1985759

11. Fitzgibbons PL, Kern WH. (1985) Adenosquamous carcinoma of the lung: a clinical and pathologic
study of seven cases. Hum Pathol. 16:463–466. PMID: 3988274

12. Auerbach O, Frasca JM, Parks VR, Carter HW. (1982) A comparison of World Health Organization
(WHO) classification of lung tumors by light and electronmicroscopy. Cancer. 50: 2079–2088. PMID:
6290022

13. Yesner R, Gerstl B, Auerbach O. (1965) Application of World Health Organization of lung carcinoma to
biopsy material. Ann Thorac Surg. 10:33–49.

14. Kern WH, Jones JC, Chapman ND. (1968) Pathology of bronchogenic carcinoma in long-term survi-
vors. Cancer. 21: 772–780. PMID: 5643769

15. Ashley DJ, Davies HD. (1967) Mixed glandular and squamous-cell carcinoma of the bronchus. Thorax.
22:431–436. PMID: 6050290

16. Naunheim KS, Taylor JR, Skosey C, Hoffman PC, Ferguson MK. (1987) Adenosquamous lung carci-
noma: clinical characteristics, treatment, and prognosis. Ann Thorac Surg. 44:462–466. PMID:
3675050

17. Gerughty RM, Hennigar GR, Brown FM. (1968) Adenosquamous carcinoma of the nasal, oral and
laryngeal cavities. A clinicopathologic survey of ten cases. Cancer. 22:1140–1155. PMID: 4303164

18. Schick U, Pusztaszeri M, Betz M, Ghadjar P, Demiroz C. (2013) Adenosquamous carcinoma of the
head and neck: report of 20 cases and review of the literature. Oral Surg Oral Med Oral Pathol Oral
Radiol. 116:313–320. doi: 10.1016/j.oooo.2013.05.003 PMID: 23850369

19. Chen SB, Weng HR, Wang G, Yang JS, YangWP, Liu DT, et al. (2013) Primary adenosquamous carci-
noma of the esophagus. World J Gastroenterol. 19:8382–8390. doi: 10.3748/wjg.v19.i45.8382 PMID:
24363531

20. Zhang HD, Chen CG, Gao YY, Ma Z, Tang P, Duan XF, et al. (2014) Primary esophageal adenosqua-
mous carcinoma: a retrospective analysis of 24 cases. Dis Esophagus. 27:783–789. doi: 10.1111/
dote.12153 PMID: 24127755

21. Mori E, Watanabe A, Maekawa S, Itasaka H, Maeda T, Yao T. (2000) Adenosquamous carcinoma of
the remnant stomach: report of a case. Surg Today. 30:643–646. PMID: 10930231

22. Toyota N, Minagi S, Takeuchi T, Sadamitsu N. (1996) Adenosquamous carcinoma of the stomach
associated with separate early gastric cancer (type IIc). J Gastroenterol. 31:105–108. PMID: 8808437

23. Tohma T, Yamamoto Y, Seki Y, Takaishi S, Sakuma Y, Funami Y. (2009) Weekly paclitaxel therapy is
effective for gastric adenosquamous carcinoma: a case report. Hepatogastroenterology. 56:568–570.
PMID: 19579645

24. Chen YY, Li AF, Huang KH, Lan YT, Chen MH, Chao Y, et al. (2015) Adenosquamous Carcinoma of
the Stomach and Review of the Literature. Pathol Oncol Res. 2015; 21:547–551 doi: 10.1007/s12253-
014-9890-7 PMID: 25567665

25. Masoomi H, Ziogas A, Lin BS, Barleben A, Mills S, Stamos MJ, et al. (2012) Population-based evalua-
tion of adenosquamous carcinoma of the colon and rectum. Dis Colon Rectum. 2012; 55:509–514. doi:
10.1097/DCR.0b013e3182420953 PMID: 22513428

26. Hong SM, KimMJ, Jang KT, Yoon GS, Cho H, Frierson HF, et al. (2008) Adenosquamous carcinoma
of extrahepatic bile duct: clinicopathologic study of 12 cases. Int J Clin Exp Pathol. 1:147–156. PMID:
18784802

27. Bureau of Health Promotion, Department of Health, the Executive Yuan, Taiwan. Cancer Registry
Annual Report, Taiwan. Available: http://www.bhp.doh.gov.tw. Accessed: 2012 Sept 25.

28. Larsen IK, Småstuen M, Johannesen TB, Langmark F, Parkin DM, Bray F, et al. (2009) Data quality at
the Cancer Registry of Norway: an overview of comparability, completeness, validity and timeliness.
Eur J Cancer. 45:1218–1231. doi: 10.1016/j.ejca.2008.10.037 PMID: 19091545

29. Shin HR. (2008) Global activity of cancer registries and cancer control and cancer incidence statistics
in Korea. J Prev Med Public Health. 41: 84–91. PMID: 18385548

30. Terada T. (2009) Adenosquamous carcinoma of the ovary arising from endometriosis: two case
reports. Cases J. 2:6661. doi: 10.1186/1757-1626-0002-0000006661 PMID: 20184682

31. Imura J, Tomita S, Ono Y, Inaba F, Yamazaki T, Fukasawa I, et al. (2005) Endometrial adenosquamous
carcinoma with osteoclast-like giant cells: immunohistochemistry and histogenesis. APMIS. 113:140–
144. PMID: 15723689

32. Saito S, Hosoya Y, Morishima K, Ui T, Haruta H, et al. (2012) A clinicopathological and immunohisto-
chemical study of gastric cancer with squamous cell carcinoma components: a clinically aggressive
tumor. J Dig Dis. 13:407–413. doi: 10.1111/j.1751-2980.2012.00610.x PMID: 22788926

Adenosquamous Carcinoma in Taiwan

PLOS ONE | DOI:10.1371/journal.pone.0139748 October 7, 2015 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/1985759
http://www.ncbi.nlm.nih.gov/pubmed/3988274
http://www.ncbi.nlm.nih.gov/pubmed/6290022
http://www.ncbi.nlm.nih.gov/pubmed/5643769
http://www.ncbi.nlm.nih.gov/pubmed/6050290
http://www.ncbi.nlm.nih.gov/pubmed/3675050
http://www.ncbi.nlm.nih.gov/pubmed/4303164
http://dx.doi.org/10.1016/j.oooo.2013.05.003
http://www.ncbi.nlm.nih.gov/pubmed/23850369
http://dx.doi.org/10.3748/wjg.v19.i45.8382
http://www.ncbi.nlm.nih.gov/pubmed/24363531
http://dx.doi.org/10.1111/dote.12153
http://dx.doi.org/10.1111/dote.12153
http://www.ncbi.nlm.nih.gov/pubmed/24127755
http://www.ncbi.nlm.nih.gov/pubmed/10930231
http://www.ncbi.nlm.nih.gov/pubmed/8808437
http://www.ncbi.nlm.nih.gov/pubmed/19579645
http://dx.doi.org/10.1007/s12253-014-9890-7
http://dx.doi.org/10.1007/s12253-014-9890-7
http://www.ncbi.nlm.nih.gov/pubmed/25567665
http://dx.doi.org/10.1097/DCR.0b013e3182420953
http://www.ncbi.nlm.nih.gov/pubmed/22513428
http://www.ncbi.nlm.nih.gov/pubmed/18784802
http://www.bhp.doh.gov.tw
http://dx.doi.org/10.1016/j.ejca.2008.10.037
http://www.ncbi.nlm.nih.gov/pubmed/19091545
http://www.ncbi.nlm.nih.gov/pubmed/18385548
http://dx.doi.org/10.1186/1757-1626-0002-0000006661
http://www.ncbi.nlm.nih.gov/pubmed/20184682
http://www.ncbi.nlm.nih.gov/pubmed/15723689
http://dx.doi.org/10.1111/j.1751-2980.2012.00610.x
http://www.ncbi.nlm.nih.gov/pubmed/22788926


33. Song ZB, Lin BC, Shao L, Zhang Y. (2013) Therapeutic efficacy of gefitinib and erlotinib in patients with
advanced lung adenosquamous carcinoma. J Chinese Med Assoc. 76:481–485.

34. Liu C, Karam R, Zhou YQ, Su F, Ji Y, et al. (2014) The UPF1 RNA Surveillance Gene is Commonly
Mutated in Pancreatic Adenosquamous Carcinoma. Nat Med. 20:596–598. doi: 10.1038/nm.3548
PMID: 24859531

35. Tochigi Naobumi, Dacic Sanja, Nikiforova Marina, Cieply KM, Yousem SA. (2011) Adenosquamous
Carcinoma of the Lung: A microdissection study of KRAS and EGFRmutational and amplification sta-
tus in aWestern patient population. Am J Clin Pathol 135:783–789. doi: 10.1309/
AJCP08IQZAOGYLFL PMID: 21502435

36. Riely GJ, Marks J, PaoW. (2009) KRASmutations in non–small cell lung cancer. Proc Am Thorac Soc.
6:201–205. doi: 10.1513/pats.200809-107LC PMID: 19349489

Adenosquamous Carcinoma in Taiwan

PLOS ONE | DOI:10.1371/journal.pone.0139748 October 7, 2015 13 / 13

http://dx.doi.org/10.1038/nm.3548
http://www.ncbi.nlm.nih.gov/pubmed/24859531
http://dx.doi.org/10.1309/AJCP08IQZAOGYLFL
http://dx.doi.org/10.1309/AJCP08IQZAOGYLFL
http://www.ncbi.nlm.nih.gov/pubmed/21502435
http://dx.doi.org/10.1513/pats.200809-107LC
http://www.ncbi.nlm.nih.gov/pubmed/19349489

