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Abstract

Prognostic factors and therapeutic targets are needed for the patients with cervical adeno-

carcinoma because they have a poor prognosis. Recently, co-expression of multiple recep-

tor tyrosine kinases (RTKs) has been found to be associated with aggressive biological

behavior and poor prognosis of several types of malignancy. To evaluate the significance of

the expression of multiple RTKs in uterine cervical cancers, we examined the expression

profile of RTKs (EGFR, HER2 and c-Met) and the correlation of their expression with clinico-

pathological features and prognosis of patients with cervical adenocarcinomas. AIS and

adenocarcinoma showed strong expression of a single RTK (EGFR, HER2 or c-Met) on the

cell membrane in 41 (77.4%) of 53 cases. Twenty (46%) of the 43 adenocarcinoma cases

were positive for double or triple RTKs (P = 0.034). Positivity for EGFR and double positivity

for EGFR and HER2 (EGFR+/HER2+/c-Met+ and EGFR+/HER2+/c-Met-) were significantly

correlated with lymph node metastasis (P = 0.010 for single and P = 0.013 for double) and

UICC stage (P = 0.021 for single and P = 0.007 for double). Positivity for HER2 was signifi-

cantly correlated with tumor size (P = 0.029). Relapse-free survival (RFS) was significantly

shorter in patients who were double positive for EGFR and HER2. Our results suggest that

EGFR and HER2 are potential therapeutic targets and that their co-expression is a prognos-

tic factor for cervical adenocarcinoma.

Introduction

The incidence of cervical carcinoma has remained very high worldwide, especially in developing

countries [1]. Interestingly, in developed countries including Japan, the incidence of cervical squa-

mous cell carcinoma has been decreasing, whereas the incidence of cervical adenocarcinoma in

young women has significantly increased [1–4]. In addition, patients with cervical adenocarcinoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0184123 August 31, 2017 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Ueda A, Takasawa A, Akimoto T,

Takasawa K, Aoyama T, Ino Y, et al. (2017)

Prognostic significance of the co-expression of

EGFR and HER2 in adenocarcinoma of the uterine

cervix. PLoS ONE 12(8): e0184123. https://doi.org/

10.1371/journal.pone.0184123

Editor: Masaru Katoh, National Cancer Center,

JAPAN

Received: June 12, 2017

Accepted: August 18, 2017

Published: August 31, 2017

Copyright: © 2017 Ueda et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: This work was supported by Japan

Society for the Promotion of Science KAKENHI

(https://www.jsps.go.jp/) Grant numbers

JP16K08693 to NS, JP16K21250 to TA and

JP26460421 to AT. The funder had no role in study

design, data collection and analysis, decision to

publish, or preparation of the manuscript.

https://doi.org/10.1371/journal.pone.0184123
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0184123&domain=pdf&date_stamp=2017-08-31
https://doi.org/10.1371/journal.pone.0184123
https://doi.org/10.1371/journal.pone.0184123
http://creativecommons.org/licenses/by/4.0/
https://www.jsps.go.jp/


have a worse prognosis, with earlier local extension, lymph node metastasis and chemoradiation

resistance, than do patients with squamous cell carcinoma of the cervix [5–7]. To improve the

prognosis, new useful diagnostic markers and therapeutic targets are required for adenocarcinoma

[8–10].

Recently, the expression of receptor tyrosine kinases (RTKs), EGFR, HER2 and c-Met, has

been considered in connection with uterine cervix adenocarcinoma. RTKs are growth factor

receptors with tyrosine kinase activity that are present on the cell membrane [11,12]. The per-

centage of cervical adenocarcinoma cases in which EGFR expression was detected varied from

19% to 67% in previous studies, and its overexpression was shown to be associated with poor

prognosis [8,13–17]. In contrast, other investigators found that EGFR was not an indicator

of prognosis for patients with cervical cancer including adenocarcinoma [14,18,19]. It was

reported that HER2 was overexpressed in 24%-49% of cervical adenocarcinoma cases and that

its overexpression was associated with more advanced disease stage and worse prognosis

[15,20,21]. It was shown that c-Met was overexpressed in 30%-67% of cervical squamous cell

carcinoma cases, and one study showed that c-Met expression was present in 30% of cervical

adenocarcinoma cases [22–24]. Overexpression of c-Met was shown to be associated with

more advanced stage and poor prognosis [25].

RTK signaling pathways play essential roles in cell proliferation, differentiation, survival,

migration, and adhesion. Therefore, the presence of RTKs has been shown to be associated with

aggressive biological behavior, poor prognosis and therapeutic resistance for several types of

malignancy [26–28] including cervical squamous cell carcinoma [29–33]. Furthermore, co-

overexpression of EGFR and HER2 has been reported to be associated with malignancy in sev-

eral tumors including breast cancer, lung cancer, prostate cancer and urinary bladder cancer

[34,35]. Those studies suggest that oncogenic transformation might be accelerated by co-expres-

sion of multiple RTKs [15,36]. Although these RTKs are known to play a key role in oncogenic

transformation, carcinogenesis and tumor invasiveness, there is little information about the

relationships between EGFR, HER2 and c-Met in cervical adenocarcinoma.

In this study, we examined the expression of receptor tyrosine kinases, EGFR, HER2 and c-

MET, in cervical adenocarcinomas to determine whether they are useful as prognostic factors

and therapeutic targets of cervical cancers, with focus on the importance of co-expression of

multiple RTKs.

Materials and methods

Patients and specimens

Specimens of 53 cases of cervical adenocarcinoma including adenocarcinoma in situ (AIS)

obtained by surgical resections during the period from 2004 to 2012 were retrieved from the

pathology file of Sapporo Medical University Hospital, Sapporo, Japan. The protocol for

human study was reviewed and approved by the ethics committee of Sapporo Medical Univer-

sity School of Medicine. Written informed consent was obtained from each patient who partic-

ipated in the investigation. The mean age of the patients was 43 years (range, 25–79 years).

The histological type was based on WHO classification of tumors of the uterine cervix (4th edi-

tion) [1]. The histological diagnosis included endocervical type “MuE”(n = 33, 62.2%), intesti-

nal type “MuI” (n = 4, 7.5%), minimal deviation type “MuM” (n = 3, 5.7%), villoglandular type

“MuV” (n = 3, 5.7%) and adenocarcinoma in situ “AIS” (n = 10, 18.9%). The 53 cases were

staged by the Union for International Cancer Control (Unio Internationalis Contra Cancrum,

UICC) stage classification (7th edition): stage 0 (n = 10), stage IA (n = 6), stage IB (n = 26),

stage IIA (n = 4), stage IIB (n = 1), and stage IIIB (n = 6).
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Clinicopathological data

We retrospectively collected clinicopathological data for age, histological type, tumor size,

lymph node metastasis, lymphovascular infiltration, UICC stage, relapse-free survival (RFS)

and overall survival (OS).

Immunohistochemical staining of surgical specimens

Hematoxylin and eosin (H&E)-stained slides from all cases were reviewed to select representa-

tive sections. New sections were prepared from paraffin blocks of formalin-fixed surgical spec-

imens and were immunohistochemically stained. Sections were dewaxed, rehydrated, and

moistened with phosphate-buffered saline (PBS) (pH 7.4). Antigen retrieval was performed by

Proteinase K treatment (EGFR), heat-induced epitope retrieval by using the Benchmark XT

system (HER2) and by using a microwave in Tris-EDTA (pH 9.0) for 30 min (c-Met). Primary

antibodies were EGFR (31G7, Nichirei, x100), HER2/ner (4B5, Roche, x100) and c-Met

(D1C2, Cell Signaling, x100). Secondary antibody and detection was Dako RealTM EnVisionTM

detection system (EGFR and c-Met) and Ventana iVIEW DAB detection kit (HER2) [37].

Immunohistochemical analysis

Evaluation of immunoreactivity was based on a semiquantitative analysis, manually scored as

the percentage of positive cells. Only epithelial cells with membrane staining were included in

the analysis. Surgical specimen staining patterns were scored as follows: score 0, no reactivity

or membranous reactivity in less than 10% of tumor cells: score 1+, faint/almost no membra-

nous reactivity in 10% or more of tumor cells; score 2+, weak to moderate complete or basolat-

eral membranous reactivity in 10% or more tumor cells; and score 3+, moderate to strong

complete or basolateral membranous reactivity in 10% or more of tumor cells. For statistical

purposes, samples with scores (0) and (1+) were considered negative, and those with scores

(2+) and (3+) were considered positive. When evaluating the slides, the observers (A. T, A. U,

T. A) were blinded to the clinical data. Discordant cases were discussed, and a consensus was

reached.

Statistical analysis

Statistical analysis was performed using Pearson’s χ2 test, Fisher’s exact test, the Kruskal-Wallis

test, and the logrank test. Kaplan-Meier curves were generated for the positive group (immu-

noreactivity of 2+ to 3+) and the negative group (immunoreactivity of 0 to 1+) for either sin-

gle, double or triple RTKs. All statistical analyses were performed with EZR (Saitama Medical

Center, Jichi Medical University, Saitama, Japan) [38], which is a graphical user interface for R

(The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified

version of R commander designed to add statistical functions frequently used in biostatistics.

Results

Clinical and pathological findings

Patient characteristics and clinicopathological characteristics are summarized in Table 1. The

study population consisted of 53 patients with an age range of 25 to 79 years. The median age

of the patients was 43 years. The clinical stage status of the patients was determined by UICC

classification (0 = 10, IA = 5, IB = 27, IIA = 4, IIB = 1, and IIIB = 6). Endocervical type adeno-

carcinoma (MuE) was the most common histological type. The frequencies of lymph node

metastasis and lymphovascular infiltration were 11.3% and 28.3%, respectively.
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Immunohistochemistry of receptor tyrosine kinases (RTKs) in cervical

adenocarcinoma

Immunohistochemistry was performed on surgical specimens by using antibodies for EGFR,

HER2 and c-Met. In non-neoplastic cervical gland tissue, expression of RTKs (EGFR, HER2

and c-Met) was faint or absent (Fig 1). In contrast, adenocarcinoma in situ (AIS) and adeno-

carcinoma showed strong expression of RTKs (EGFR, HER2 or c-Met) on the cell membrane

in 41 (77.4%) of the 53 cases. Among the three receptors, c-Met was the most frequently

detected, being positive in 28 (52.8%) of the 53 cases, including 13 cases (24.5%) with an

immunoreactive score (IRS) of 3+ and 15 cases (28.3%) with IRS of 2+ (Table 2). HER2 was

positive in 24 (45.3%) of the 53 cases, including 10 cases (18.9%) and 14 cases (26.4%) with IRS

of 3+ and 2+, respectively. EGFR was positive in 17 (32.1%) of the 53 cases, including 7 cases

(13.2%) and 10 cases (18.9%) with IRS of 3+ and 2+, respectively.

The percentage of cases with positive expression of multiple RTKs was significantly higher in

adenocarcinoma than in AIS (Fig 2, chi-square test, p = 0.034). Twenty (46%) of the 43 adenocar-

cinoma cases were positive for multiple RTKs, including 7 cases (16%) with EGFR+/HER2+/c-

Met+, 4 cases (9%) with EGFR+/HER2+/c-Met-, 3 cases (7%) with EGFR+/HER2-/c-Met+, and

6 cases (14%) with EGFR-/HER2+/c-Met+. Eleven adenocarcinoma cases (25%) were double

positive for EGFR and HER2 (EGFR+/HER2+/c-Met+ and EGFR+/HER2+/c-Met-) (Fig 2). In

AIS, only one case (10%) was double positive for HER2 and c-Met.

Table 1. Clinicopathological features of cervical adenocarcinomas.

Patients (n = 53)

Age (range, median) 25–79, 43

Histological type

Adenocarcinoma 43

Endocervical type (MuE) 33

Intestinal type (MuI) 4

Minimal deviation type (MuM) 3

Villoglandular type (MuV) 3

AIS (Adenocarcinoma in situ) 10

Tumor stage (UICC)

0 10

IA 5

IB 27

IIA 4

IIB 1

IIIA 0

IIIB 6

Tumor size

AIS only 10

< = 40mm 31

>40mm 12

Lymph node metastasis

Negative 47

Positive 6

Lymphovascular infiltration

Negative 38

Positive 15

https://doi.org/10.1371/journal.pone.0184123.t001
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Fig 1. H&E staining and immunohistochemical staining in surgical specimens of non-neoplastic cervical glands, adenocarcinoma in situ (AIS),

and cervical adenocarcinoma. Representative immunohistochemical staining of EGFR (d-f), HER2 (g-i), and c-Met (j–l) is shown. The receptor tyrosine

kinases were predominantly expressed on the membranes of tumor cells.

https://doi.org/10.1371/journal.pone.0184123.g001
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Positive correlation between expression of receptor tyrosine kinases

(RTKs) and clinicopathological features of cervical adenocarcinoma

As shown in Table 3, EGFR positivity was significantly correlated with lymph node metastasis

(P = 0.010) and UICC stage (P = 0.021); however, there was no significant correlation between

EGFR positivity and patient’s age (P = 0.387), histological type (P = 0.14) or lymphovascular

infiltration (P = 0.197). HER2 positivity was correlated only with tumor size (P = 0.0291). c-

Met positivity had no correlation with any clinicopathological features.

Regarding positivity of multiple RTKs, double positivity for EGFR and HER2 (EGFR+/HER2+/

c-Met+ and EGFR+/HER2+/c-Met-) was significantly correlated with tumor size in addition to

lymph node metastasis and UICC stage, which were also correlated with single EGFR positivity

(Table 4). Other combinations of RTK positivity showed no correlation with any clinicopathologi-

cal features.

Table 2. Immunoreactive intensity of RTKs in cervical adenocarcinomas.

EGFR HER2 c-Met

Intensity 0 1+ 2+ 3+ 0 1+ 2+ 3+ 0 1+ 2+ 3+

AIS 6 3 1 0 5 2 2 1 4 2 2 2

Adenocarcinoma 20 7 9 7 11 11 12 9 10 9 13 11

https://doi.org/10.1371/journal.pone.0184123.t002

Fig 2. Expression profiles of receptor tyrosine kinases in cervical adenocarcinoma. One (10%) of the 10 AIS cases exhibited a multiple simultaneous

positive status. In adenocarcinoma, 20 cases (46%, n = 43) exhibited multiple simultaneous positive status. The percentage of cases with positive

expression of multiple RTKs was significantly higher in adenocarcinoma than in AIS (Fig 2, chi-square test, p = 0.034).

https://doi.org/10.1371/journal.pone.0184123.g002
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Positive correlation between expression of multiple receptor tyrosine

kinases (RTKs) and survival of patients with cervical adenocarcinoma

The relationships of the expression of RTKs in cervical adenocarcinoma with relapse-free sur-

vival (RFS) and overall survival (OS) were assessed by using the Kaplan-Meier method. There

was no correlation between single RTK positivity and RFS or OS (S1 Fig). Regarding positivity

of multiple RTKs, RFS was significantly shorter in patients who were double positive for EGFR

and HER2 (EGFR+/HER2+/c-Met+ and EGFR+/HER2+/c-Met-) than in the remaining

patients (Fig 3). The association between RFS and other combinations of double positive cases

(EGFR+/c-Met+ and HER2+/c-Met+) was not significant (S2 Fig). There was no correlation

between overall survival (OS) and any combination of RTK positivity. Multivariate analysis

would have been helpful for evaluation here, but it was difficult to perform properly due to an

insufficient number of events (< 10).

Table 3. Analyses of correlation between expression of a single RTK and clinicopathological features.

EGFR HER2 c-Met

N 0–1+ 2+-3+ P value 0–1+ 2+-3+ P value 0–1+ 2+-3+ P value

Age

Age under median (< = 43) 27 20

(74.1%)

7

(25.9%)

0.387 15

(55.6%)

12

(44.4%)

1 12

(44.4%)

15

(55.6%)

0.786

Age over median (>43) 26 16

(61.5%)

10

(38.5%)

14

(46.2%)

12

(53.8%)

13

(50%)

13

(50%)

Histological type

AIS 10 9

(90%)

1

(10%)

0.140 7

(70%)

3

(30%)

0.318 6

(60%)

4

(40%)

0.488

Adenocarcinoma 43 27

(62.8%)

16

(37.2%)

22

(51.2%)

21

(48.8%)

19

(44.2%)

24

(55.8%)

Tumor size

AIS 10 9

(90%)

1

(10%)

0.151 7

(70%)

3

(30%)

0.029 6

(60%)

4

(40%)

0.702

< = 40mm 31 21

(67.7%)

10

(32.3%)

19

(61.3%)

12

(38.7%)

13

(41.9%)

18

(58.1%)

>40mm 12 6

(50%)

6

(50%)

3

(25%)

9

(75%)

6

(50%)

6

(50%)

Lymph node metastasis

Negative 47 35

(74.5%)

12

(25.5%)

0.010 27

(57.4%)

20

(42.6%)

0.392 23

(48.9%)

24

(51.1%)

0.672

Positive 6 1

(16.7%)

5

(83.3%)

2

(33.3%)

4

(66.7%)

2

(33.3%)

4

(66.7%)

Lymphovascular infiltration

Negative 38 28

(73.7%)

10

(26.3%)

0.197 21

(55.3%)

17

(44.7%)

1 18

(47.4%)

20

(52.6%)

1

Positive 15 8

(53.3%)

7

(46.7%)

8

(53.3%)

7

(46.7%)

7

(46.7%)

8

(53.3%)

UICC stage

0 10 9

(90%)

1

(10%)

0.021 7

(70%)

3

(30%)

0.463 6

(60%)

4

(40%)

0.478

I 32 22

(68.8%)

10

(31.2%)

18

(56.3%)

14

(43.7%)

14

(43.7%)

18

(56.3%)

II 5 4

(80%)

1

(20%)

2

(40%)

3

(60%)

3

(60%)

2

(40%)

III 6 1

(16.7%)

5

(83.3%)

2

(33.3%)

4

(66.7%)

2

(33.3%)

4

(66.7%)

https://doi.org/10.1371/journal.pone.0184123.t003
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Discussion

This is the first study to evaluate the impact of co-expression of RTKs (EGFR, HER2, and c-

Met) on relapse-free survival and overall survival of patients with cervical adenocarcinoma.

The presence of RTKs has been reported to be associated with accelerated tumor progres-

sion and therapeutic resistance for several types of malignancies, including cervical cancer

[26–33]. However, most of the reports on cervical cancers have examined cervical ‘squamous

cell carcinoma (SCC)’, as in the report by Shen et al. whereas there are only a few reports on

cervical ‘adenocarcinoma’ including our current study [32]. Pathologically, SCC and adeno-

carcinoma are quite different. Patients with cervical adenocarcinoma have a worse prognosis,

with earlier local extension, lymph node metastasis and chemoradiation resistance, than do

patients with squamous cell carcinoma of the cervix [5–7]. Therefore, SCC and adenocarcino-

mas should be discussed separately. It is very important to examine the expression profile of

RTKs with a focus on cervical adenocarcinoma across races, countries and centers because sev-

eral RTK inhibitors have been already available for clinical practice of other malignancies.

In this study, more than 30% of adenocarcinoma and AIS cases showed strong staining for

EGFR, whereas non-neoplastic cervical glands showed no staining or only faint staining.

EGFR positivity was associated with lymph node metastasis and UICC stage of the patients,

which may result from the well-known role of EGFR in proliferation, invasiveness and migra-

tion of tumor cells. However, there was no correlation between EGFR positivity and prognosis

of the patients, as some groups have reported [14,18,19]. In contrast, Pérez-Regadera et al.

reported that overexpression of EGFR was significantly associated with decreased disease-free

survival [15,16]. A similar discrepancy has been observed in other tumors such as bile duct

cancer and hepatocellular carcinoma [28,39].

Importantly, double positivity for EGFR and HER2, but not single HER2 or EGFR positiv-

ity, had a significant correlation with RFS. Previous studies have shown that EGFR and HER2

Table 4. Analyses of correlation between expression of multiple RTKs and clinicopathological features.

EGFR + HER2

N 0–1+ 2+-3+ P value

Tumor size

AIS 10 10

(100%)

0

(0%)

0.017

< = 40mm 31 25

(80.6%)

6

(19.4%)

>40mm 12 7

(58.3%)

5

(41.7%)

Lymph node metastasis

Negative 47 40

(85.1%)

7

(14.9%)

0.013

Positive 6 2

(33.3%)

4

(66.7%)

UICC stage

0 10 10

(100%)

0

(0%)

0.007

I 32 26

(81.3%)

6

(18.7%)

II 5 4

(80%)

1

(20%)

III 6 2

(33.3%)

4

(66.7%)

https://doi.org/10.1371/journal.pone.0184123.t004
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co-expression was implicated in an increase in tumor aggressiveness and worse prognosis of

several cancers [34–36], including cervical squamous cell carcinoma [15]. These results suggest

that EGFR and HER2 cooperatively play a crucial role in cancer progression. One possible

explanation is heterodimerization between EGFR and HER2. The formation of a heterodimer

among RTKs has been shown to modulate signal diversity and signal strength in vitro
[11,40,41], and it has been shown that HER2 plays a central role in the formation of heterodi-

mers. EGFR preferentially forms heterodimer with HER2 rather than homodimer with EGFR

to strengthen broader and longer activation of cellular growth and proliferation signals [15].

Up to date, there are only two reports to examine the expression profile of c-Met in cervical

adenocarcinomas including this study. We found that c-Met expression was not correlated

with clinicopathological features and prognosis of cervical adenocarcinomas, whereas Tsai

et al. demonstrated that its overexpression was correlated with poor prognosis [25]. This dis-

crepancy in results may be due to differences in immunohistochemical and analytical

methods.

Our findings indicate a possible therapeutic strategy targeting cell surface RTKs in cervical

adenocarcinomas. In particular, EGFR-targeting agents (e.g., cetuximab and panitumumab)

or HER2-targeting agents (e.g., trastuzumab) may have efficacy in cervical adenocarcinomas.

In conclusion, RTKs were strongly expressed in cervical adenocarcinoma, and patients who

were double positive for EGFR and HER2 showed significantly shorter RFS. Our results sug-

gest that EGFR and HER2 are potential therapeutic targets and that their co-expression of

them is a prognostic factor for cervical adenocarcinoma.
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S2 Fig. Kaplan-Meier estimates of relapse-free survival (RFS) and overall survival (OS) of

patients with cervical adenocarcinoma according to combined expression of RTKs. The
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cervical adenocarcinoma according to the combined expression of EGFR and HER2. The patients were
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remaining patients (solid lines). High expression levels of both EGFR and HER2 were significantly correlated

with worse RFS (p = 0.029).

https://doi.org/10.1371/journal.pone.0184123.g003

Prognostic significance of the co-expression of EGFR and HER2 in adenocarcinoma of the uterine cervix

PLOS ONE | https://doi.org/10.1371/journal.pone.0184123 August 31, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0184123.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0184123.s002
https://doi.org/10.1371/journal.pone.0184123.g003
https://doi.org/10.1371/journal.pone.0184123


Formal analysis: Asako Ueda, Masanori Nojima.

Funding acquisition: Akira Takasawa, Makoto Osanai, Norimasa Sawada.

Investigation: Asako Ueda, Akira Takasawa, Taishi Akimoto, Tomoyuki

Aoyama, Yusuke Ono, Masaki Murata.

Methodology: Tomoyuki

Aoyama.

Project administration: Norimasa Sawada.

Resources: Yoshihiko Ino, Tadashi Hasegawa, Tsuyoshi Saito.

Supervision: Makoto Osanai, Tadashi Hasegawa, Tsuyoshi Saito, Norimasa Sawada.

Validation: Asako Ueda, Akira Takasawa, Taishi Akimoto, Kumi Takasawa, Masaki Murata.

Visualization: Asako Ueda, Akira Takasawa.

Writing – original draft: Asako Ueda, Akira Takasawa.

Writing – review & editing: Akira Takasawa, Kumi Takasawa, Makoto Osanai, Norimasa

Sawada.

References
1. Kurman RJ, Carcangiu ML, Herrington CS, Young RH. WHO classification of Tumours of Female

Reproductive Organs. 4th ed. Lyon: IARC Press; 2014.

2. Vizcaino AP, Moreno V, Bosch FX, Muñoz N, Barros-Dios XM, Parkin DM. International trends in the

incidence of cervical cancer: I. Adenocarcinoma and adenosquamous cell carcinomas. Int J Cancer

1998; 75:536–545. 1998 Feb 9;75(4):536–45. https://doi.org/10.1002/(SICI)1097-0215(19980209)

75:4<536::AID-IJC8>3.0.CO;2-U PMID: 9466653

3. Sasieni P, Adams J. Changing rates of adenocarcinoma and adenosquamous carcinoma of the cervix

in England. Lancet. 2001; 357(9267):1490–1493. https://doi.org/10.1016/S0140-6736(00)04646-8

PMID: 11377601

4. Gien LT, Beauchemin MC, Thomas G. Adenocarcinoma: a unique cervical cancer. Gynecol Oncol.

2010; 116(1):140–146. https://doi.org/10.1016/j.ygyno.2009.09.040 PMID: 19880165

5. Wright TC, Ferenczy A, Kurman RJ: Carcinoma and other tumors of the cervix, in Kurman RJ (ed):

Blaustein’s Pathology of The Female Genital Tract. 5th ed. New York: Springer-Verlag; 2002. pp.

325–382.

6. Mabuchi S, Okazawa M, Matsuo K, Kawano M, Suzuki O, Miyatake T, et al. Impact of histological sub-

type on survival of patients with surgically-treated stage IA2-IIB cervical cancer: adenocarcinoma ver-

sus squamous cell carcinoma. Gynecol Oncol. 2012; 127(1):114–120. https://doi.org/10.1016/j.ygyno.

2012.06.021 PMID: 22728518

7. Yokoi E, Mabuchi S, Takahashi R, Matsumoto Y, Kuroda H, Kozasa K, et al. Impact of histological sub-

type on survival in patients with locally advanced cervical cancer that were treated with definitive radio-

therapy: adenocarcinoma/adenosquamous carcinoma versus squamous cell carcinoma. J Gynecol

Oncol. 2017; 28(2):e19. https://doi.org/10.3802/jgo.2017.28.e19 PMID: 28028992

8. Soonthornthum T, Arias-Pulido H, Joste N, Lomo L, Muller C, Rutledge T, et al. Epidermal growth factor

receptor as a biomarker for cervical cancer. Ann Oncol. 2011; 22(10):2166–2178. https://doi.org/10.

1093/annonc/mdq723 PMID: 21325449

9. McCluggage WG. New developments in endocervical glandular lesions. Histopathology. 2013; 62

(1):138–160. https://doi.org/10.1111/his.12012 PMID: 23134447

10. Akimoto T, Takasawa A, Murata M, Kojima Y, Takasawa K, Nojima M, et al. Analysis of the expression

and localization of tight junction transmembrane proteins, claudin-1, -4, -7, occludin and JAM-A, in

human cervical adenocarcinoma. Histol Histopathol. 2016; 31(8):921–931. https://doi.org/10.14670/

HH-11-729 PMID: 26847087

Prognostic significance of the co-expression of EGFR and HER2 in adenocarcinoma of the uterine cervix

PLOS ONE | https://doi.org/10.1371/journal.pone.0184123 August 31, 2017 11 / 13

https://doi.org/10.1002/(SICI)1097-0215(19980209)75:4<536::AID-IJC8>3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0215(19980209)75:4<536::AID-IJC8>3.0.CO;2-U
http://www.ncbi.nlm.nih.gov/pubmed/9466653
https://doi.org/10.1016/S0140-6736(00)04646-8
http://www.ncbi.nlm.nih.gov/pubmed/11377601
https://doi.org/10.1016/j.ygyno.2009.09.040
http://www.ncbi.nlm.nih.gov/pubmed/19880165
https://doi.org/10.1016/j.ygyno.2012.06.021
https://doi.org/10.1016/j.ygyno.2012.06.021
http://www.ncbi.nlm.nih.gov/pubmed/22728518
https://doi.org/10.3802/jgo.2017.28.e19
http://www.ncbi.nlm.nih.gov/pubmed/28028992
https://doi.org/10.1093/annonc/mdq723
https://doi.org/10.1093/annonc/mdq723
http://www.ncbi.nlm.nih.gov/pubmed/21325449
https://doi.org/10.1111/his.12012
http://www.ncbi.nlm.nih.gov/pubmed/23134447
https://doi.org/10.14670/HH-11-729
https://doi.org/10.14670/HH-11-729
http://www.ncbi.nlm.nih.gov/pubmed/26847087
https://doi.org/10.1371/journal.pone.0184123


11. Gschwind A, Fischer OM, Ullrich A. The discovery of receptor tyrosine kinases: targets for cancer ther-

apy. Nat Rev Cancer. 2004; 4(5):361–370. https://doi.org/10.1038/nrc1360 PMID: 15122207

12. Bivona TG, Doebele RC. A framework for understanding and targeting residual disease in oncogene-

driven solid cancers. Nat Med. 2016; 22(5):472–478. https://doi.org/10.1038/nm.4091 PMID: 27149220

13. Fuchs I, Vorsteher N, Bühler H, Evers K, Sehouli J, Schaller G, et al. The prognostic significance of

human epidermal growth factor receptor correlations in squamous cell cervical carcinoma. Anticancer

Res. 2007; 27(2):959–963.

14. Lindström AK, Tot T, Stendahl U, Syrjänen S, Syrjänen K, Hellberg D. Discrepancies in expression and

prognostic value of tumor markers in adenocarcinoma and squamous cell carcinoma in cervical cancer.

Anticancer Res. 2009; 29(7):2577–2578. PMID: 19596931
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