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• The morphologically defined mesenchymal transition type is highly representative of the mesenchymal transcriptome subtype.
• The mesenchymal transition type has the worst prognosis and shows an increased rate of suboptimal surgery.
• The mesenchymal transition type benefits from dose dense taxane and carboplatin chemotherapy compared to conventional TC.
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Objective. Recently, we established new histopathological subtypes of high-grade serous ovarian cancer
(HGSOC) that include the mesenchymal transition (MT) type, the immune reactive (IR) type, the solid and pro-
liferative (SP) type and the papillo-glandular (PG) type. Furthermore, we identified that the mesenchymal tran-
scriptome subtype might be sensitive to taxane. We investigated whether these different histopathological
subtypes of HGSOC require individualized chemotherapy for optimal treatment.

Methods. We conducted the Japanese Gynecologic Oncology Group (JGOG) 3016A1 study, wherein we col-
lected hematoxylin and eosin slides (total n = 201) and performed a histopathological analysis of patients
with HGSOC registered in the JGOG3016 study, which compared the efficacy of conventional paclitaxel and
carboplatin (TC) and dose-dense TC (ddTC). We analyzed the differences in progression-free survival (PFS)
and overall survival (OS) among the four histopathological subtypes. We then compared the PFS between the
TC group and the ddTC group for each histopathological subtype.
Keywords:
Ovarian cancer
High grade serous ovarian carcinoma
Mesenchymal
Taxane sensitivity
Dose dense TC
ayama, Osaka, Japan.
umura).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ygyno.2019.02.010&domain=pdf
https://doi.org/10.1016/j.ygyno.2019.02.010
noriomi@kuhp.kyoto-u.ac.jp
https://doi.org/10.1016/j.ygyno.2019.02.010
http://www.sciencedirect.com/science/journal/00908258
www.elsevier.com/locate/ygyno


313R. Murakami et al. / Gynecologic Oncology 153 (2019) 312–319
Results. Therewere significant differences in both PFS andOS among the four histopathological subtypes (p=
0.001 and p b 0.001, respectively). Overall, the MT subtype had the shortest PFS (median 1.4 y) and OS (median
3.6 y). In addition, theMT subtype had a longer PFS in the ddTC group (median 1.8 y) than in the TC group (me-
dian 1.2 y) (p = 0.01). Conversely, the other types had no significant difference in PFS when the two regimens
were compared.

Conclusions. The MT type of HGSOC is sensitive to taxane; therefore, the ddTC regimen is recommended for
this histopathological subtype.

© 2019 Elsevier Inc. All rights reserved.
1. Introduction

Ovarian cancer is the leading cause of death among gynecologic ma-
lignancies [1]. High-grade serous ovarian carcinoma (HGSOC) is the
most frequent histopathological type of ovarian cancer, accounting for
approximately 70% of ovarian cancers in the US [2] and 33–36% in
Japan [3] [4]. Themajority of HGSOCs are diagnosed at advanced stages;
therefore, pharmacological treatment is necessary for this disease.

Paclitaxel and carboplatin combination (TC) therapy has been used
as a standard first-line chemotherapy against ovarian cancer for two
decades [5,6]. The Japanese Gynecologic Oncology Group (JGOG)
conducted the JGOG3016 study, a randomized controlled trial that
compared dose dense weekly paclitaxel combined with tri-weekly
carboplatin (ddTC) and conventional tri-weekly paclitaxel and
carboplatin (TC) treatment in patients with stage II-IV ovarian cancer,
tubal cancer, and peritoneal cancer. That study demonstrated that
progression-free survival (PFS) was significantly prolonged in patients
taking ddTC than in those taking conventional TC as a first-line chemo-
therapy regimen [7]. However, the sensitivity to chemotherapy varies
widely among cancer patients, and it is now considered necessary that
individualized treatments should be administered in a clinical setting
[8,9].

The Cancer Genome Atlas (TCGA) project revealed that HGSOCs are
divided into four transcriptome subtypes: mesenchymal, immunoreac-
tive, proliferative and differentiated [10,11]. Among these, the mesen-
chymal type has the worst prognoses, whereas the immunoreactive
type has the best prognoses [9,11]. It is widely accepted that the gene
expression profile of cancer is strongly related to the characteristics in
its biology and its sensitivity to treatment. However, ovarian cancer sub-
types with their unique gene expression have yet to be investigated for
drug treatments in clinical settings [12]. Four obstacles to performing
gene expression microarray analyses include cost, maintaining uniform
conditions due to the variety of experimental procedures, inconsistent
quality of nucleotides and the batch effect, which is due to systematic
variation between groups of samples (batches) resulting from experi-
mental features that are not of biological interest [13].

Previous studies showed that a remarkable desmoplastic reaction
occurred in the mesenchymal subtypes and a marked T lymphocyte in-
filtration into the tumor was seen in the immunoreactive subtypes [14].
These reports suggested that in the HGSOC, the tumor microenviron-
ment, specifically the interaction of the stroma and tumor, affected the
gene expression profile and prognoses of the patients [14,15]. From
this idea, we established a novel histopathological classification based
on the tumor and stromal findings, corresponding to these four tran-
scriptome subtypes of HGSOC. Of the four subtypes—mesenchymal
transition (MT) type, immune reactive (IR) type, solid and proliferative
(SP) type and papilloglandular (PG) type—the MT type has the worst
prognoses and the IR type has the best prognoses [16].

Furthermore, we discovered that the mesenchymal transcriptome
subtype could be sensitive to taxane. Therefore, we hypothesized that
the mesenchymal transition (MT) type which represents the “mesen-
chymal” transcriptome subtype might be sensitive to taxane. [16,17] If
this histopathological classification can be used to assess a subtype's
drug sensitivity, individualized treatments can be developed based on
hematoxylin and eosin (HE) slide analyses. This would offer a low cost
and feasible approach to treatment. Subsequently, we conducted the
JGOG3016A1 study, in which HGSOC cases registered in the JGOG3016
study were classified into histopathological subtypes. Consequently, a
subtype more responsive to the ddTC regimen than to the TC regimen
was identified. This studywould be helpful to develop an individualized
treatment of ovarian cancer.

2. Materials and methods

2.1. Gene expression microarray analysis

The detailedmethods of gene expressionmicroarray analysis are de-
scribed in the supplementary text. Briefly, we calculated prediction
scores for taxane sensitivity (T-scores) [17] and the mesenchymal
gene expression subtype score (CLOVAR_MES_UP_score) [11] within
the three HGSOC gene expression microarray datasets; TCGA [10],
GSE9891 [14], and KOV, which are our previously reported data set
[16,18,19].

2.2. JGOG3016A1 study

Following the microarray-based prediction, we performed a study
referred to as JGOG3016A1. The original sample size in the JGOG3016
study was 631, of which 355 cases were HGSOC [7,20]. After obtaining
approval from the ethics committee at each institute, HE slides of
HGSOC cases before treatment registered for the JGOG3016 study
[7,20] were sent to the Kitasato Clinical Research Center (KCRC),
where all the personal information on patients was anonymized. For
each case, all the HE slides containing tumor tissue samples were col-
lected and reviewed. The average number of slides was 13 (range;
1–58). These slides were comprised of 207 cases total from 34 institutes
and were subsequently sent to Kyoto University, while their clinical in-
formation was not sent to Kyoto University. The data collection period
was from January 2015 to September 2016. The final analysis of this
study was made at the end of February 2017.

The HGSOC histopathological classification [16] was performed by
two authors R.M and I.K. Briefly, amesenchymal transition (MT) feature
was assigned on the basis of theMT pattern or labyrinthine patternwith
a remarkable desmoplastic reaction in N10% of the tumor area. If theMT
feature was positive, the tumorwas defined as being theMT subtype. In
tumors other than theMT subtype, an immune reactive (IR) featurewas
assignedwhen numerous lymphocytes surrounded cancer nests (N100/
× 400visualfield) and infiltrating cancer nests (N50/ × 400visualfields)
andwhen this was associatedwith a smooth invasive front. If the IR fea-
ture was positive, the tumor was defined as being the IR subtype. The
remaining tumors were classified into the solid and proliferative (SP)
subtype or the papilloglandular (PG) subtype, depending on the pres-
ence of absence of these features. Because this classification procedure
was conducted in a stepwise manner, it is applicable to heterogeneous
tumors. This classification was performed using all the slides regardless
of tumor site because we already found consistency between primary
and tumor sites in our previous study [16].

We reviewed the HE slides independently, and when the histopath-
ological diagnoses varied or were ambiguous, decisions regarding the
final diagnoses and subtype were made by discussion. Of the 207
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cases, six cases could not be classified due to tumors of insufficient vol-
ume for three cases, low-grade serous carcinoma for two cases, and the
widely dispersed isolated tumor cells in one case, which did not meet
our criteria. The remaining 201 cases were used for our final analysis.
Of the 201 cases, 140 (70%) obtained immediate agreement without
discussion, while 61 (30%) required discussion. Finally, we reached a
consensus for all 201 cases. The results of the final histopathological
classification were sent to the KCRC.

Data regarding the patients' characteristics and survival were man-
aged at the KCRC. Clinical parameters were age at registration, post-
surgical stage (II, III and IV) and size of surgical residual tumor (optimal;
≦1 cm residual tumor, suboptimal; N1 cm residual tumor). The data
were recorded according to the criteria when the JGOG3016 study
was initiated in 2003.

The primary goal was to test the hypothesis that the MT type is ex-
clusively more responsive to ddTC than TC by analyzing the PFS in
each subtype. Subsequently the OS was analyzed as well. For our sec-
ondary goal, we also evaluated all four histopathological subtypes of
HGSOC, to determine if the MT subtype has the worst prognosis and
the IR subtype has the best prognosis in terms of PFS and OS.

2.3. Statistical analysis

The primary goal of this study was to investigate whether the MT
type is exclusively more responsive to ddTC than TC. The clinical ques-
tion corresponded to the following four null hypotheses to be tested:
in each subtype, the PFS functions between the two regimens were
identical. In order to avoid multiplicity for all the four tests the
Bonferroni correction was used by dividing the significance level
(0.05) by the number of comparisons (n=4). Therefore, the newsignif-
icance level for each comparison was 0.0125 (0.05/4). PFS curves were
estimated by the Kaplan-Meier method. A two-sided log-rank test of
each null hypothesis was performed at the significance level 0.0125. A
one-way ANOVA assessed the age of patients and a Chi-squared test
was used to assess the different stages and the state of residual tumors
which were categorized into optimal and suboptimal groups. Further-
more, univariate and multivariate Cox proportional hazard regression
model analyses were used to assess treatment, stage, and size of resid-
ual tumor (optimal versus suboptimal). The hazard ratios and the 95%
confidential interval were calculated for each subtype in terms of treat-
ment (TC vs ddTC), stage (II vs III/IV) and size of residual tumor (optimal
vs suboptimal). Statistical significance was set at p values ≤ 0.05. All sta-
tistical analyses for this JGOG3016A1 study were performed by KCRC
collaborators.

3. Results

First, we examined the correlation between T-scores representing
taxane predictive scores [17] and CLOVER_MES_UP-scores [11] using
the mesenchymal gene expression subtype in the HGSOC gene expres-
sion microarray datasets. In the three HGSOC datasets, TCGA, GSE9891
and KOV, these scores showed a strong positive correlation (Supple-
mentary Fig. S1A; r = 0.87, p b 0.001, Supplementary Fig. S1B; r =
0.88, p b 0.001, Supplementary Fig. S1C; r = 0.92, p b 0.001,
Table 1
Clinical parameters for age, stage and residual tumor among the four histological subtypes.

MT IR

No. of patients % No. of patients

Age Average 59 57.5
(min–max) (39–77) (43–73)

Stage II 2 3% 3
III 63 88% 26
IV 7 10% 3

Residual tumor Optimal 13 18% 19
Suboptimal 59 82% 13
respectively). We found that T-scores were more significantly elevated
in the MT subtype than in the non-MT subtypes. (Supplementary
Fig. S1D; p b 0.001). Therefore, consistent with our previous report
[16,17], these data again suggested that the MT subtype in HGSOC was
sensitive to taxane chemotherapy.

In addition, we examined the association between clinical variables
and the four subtypes (Table 1). There was no significant difference in
age distribution among the patients with the four subtypes. For the pro-
portion of thosewith stage III, theMT, IR, SP and PG types accounted for
88%, 81%, 67% and 60%, respectively. A skewering in the distribution of
stages among the four groups can be observed (p = 0.008). Conse-
quently, statistical significance cannot be inferred due to the small sam-
ple size of stage II and IV groups. The residual tumor distribution was
also significantly varied among the four subtypes (p value b 0.001).
The rate of suboptimal residual tumors found in the MT, IR, SP and PG
subtypes was 82%, 41%, 51% and 50%, respectively. When we investi-
gated the association between prognoses and the four subtypes, the IR
type had the best prognosis, whereas, the MT type had the worst prog-
nosis in both PFS and OS (Fig. 1, PFS; p=0.001, OS; p b 0.001). Theme-
dian PFS was 5.8 years (y), 1.4 y, 2.1 y and 1.6 y in the IR, MT, SP and PG
types, respectively. The median OS was not reached in the IR and SP
types, whereas it was 3.6 y and 5.1 y in the MT type and PG types,
respectively.

The clinical variables across the four subtypes of MT, IR, SP and PG
types were compared between the TC group and the ddTC group. For
age, stage and residual tumor size, there was no statistically significant
difference in distribution among the four subtypes when the two treat-
ment groups were compared (Table 2). However, in the SP type, the
proportion of those with stage II cancer in the ddTC group, 4/26 (25%),
tended to be more than that in the TC group, 2/27 (7%) (p = 0.12). In
the IR subtype, suboptimal residual tumor sizes tended to be more
prevalent in the ddTC group, 9/16 (56%), than in the TC group, 4/16
(25%) (p = 0.15).

Next, the PFS was compared between the ddTC and TC groups
among the four subtypes. In the MT subtype, PFS was significantly lon-
ger in the ddTC group than in the TC group; themedian PFSwas 1.8 y in
the ddTC group and 1.2 y in the TC group (Fig. 2A; p=0.01). In the MT
cases with measurable diseases, the overall response rate (ORR) for the
ddTC was 63% (17/27), which was similar to the ORR 67% (24/36) for
the TC. Complete response was observed in 33% of the ddTC cases,
which was higher than 17% of the TC cases (p = 0.15, Fisher's exact
test). PFS between the ddTC and TC groups in the IR and PG subtypes
was not significantly different (Fig. 2B, D). In the SP subtype, PFS tended
to be longer in the ddTC group than in the TC group (Fig. 2C; p=0.07),
which was probably influenced by the relatively higher proportion of
stage II cases in the ddTC group than in the TC group as described
above (Table 2). For the OS curves, there was no significant difference
among the four subtypes when the ddTC and TC groupswere compared
(Supplementary Fig. S2). However, in theMT and SP subtypes, the ddTC
group had a tendency for a longer OS than the TC group (p = 0.08 and
0.18, respectively).

Finally, a Cox proportional hazard regression analysis was per-
formed for the treatment regimen (ddTC vs. TC), stage (II vs. III-IV),
and postoperative residual tumor (optimal vs. suboptimal) (Table 3).
SP PG p value

% No. of patients % No. of patients %

59 57 0.3
(28–71) (25–78)

9% 8 16% 11 23% 0.008
81% 33 67% 29 60%
9% 8 16% 8 17%
59% 24 49% 24 50% b0.0001
41% 25 51% 24 50%



BA

Group N EVENT CENSOR
Median 95% CI 

P value
PFS  (y) (lower, upper) 

IR 32 17 15 5.8 2.13 -

0.001
MT 72 61 11 1.4 1.22 1.66

SP 49 35 14 2.1 1.37 3.05

PG 48 37 11 1.6 1.29 2.13

Group N EVENT CENSOR
Median 95% CI 

P value
OS  (y) (lower, upper) 

IR 32 7 25 - 6.9 -

<0.001

MT 72 53 19 3.6 2.8 4.6

SP 49 23 26 - 4.6 -

PG 48 25 23 5.1 3.9 -

Fig. 1. Survival curves were assessed among the patients categorized into four subtypes (MT, IR, SP and PG). A) PFS. B) OS.
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The univariate PFS analysis indicated a significantly reduced risk of re-
currence for the ddTC regimen than for the TC regimen in the MT sub-
type (HR 0.51, 95% CI; 0.30–0.86). The multivariate PFS analysis also
revealed a significantly reduced risk of recurrence for the ddTC regimen
than for the TC one, for all cases and the MT type (HR 0.69, 95% CI;
0.50–0.95, and HR 0.51, 95% CI; 0.30–0.86, respectively). In the analysis
of stage, a significantly higher risk of recurrence and survival was ob-
served for stage III-IV than for stage II for all cases (univariate/multivar-
iate PFS/OS) and in the SP subtype (univariate PFS). In the analysis of
residual tumor, a significantly higher risk of recurrence and survival
was observed for suboptimal surgery than for optimal surgery for all
cases (univariate/multivariate PFS/OS), in the SP subtype (univariate
PFS and univariate/multivariate OS) and in the PG subtype (univari-
ate/multivariate OS). The representative images of the four high-grade
serous ovarian carcinoma morphological subtypes are shown in Fig. 3.

4. Discussion

For HGSOC, the CLOVER_MES_UP score that represents the Mesen-
chymal gene expression subtype [11] and T-score that represents
taxane sensitivity [17] showed strong positive correlation (Supplemen-
tary Fig. S1A, 1B, 1C). As expected from these data, the MT histopatho-
logical type, that correlated with the mesenchymal gene expression
subtype [16], had higher T-scores than other histopathological subtypes
(Supplementary Fig. S1D), indicating that the MT type may be taxane
Table 2
The characteristic of the patients between two regimens are observed for age, stage and surgic

MT IR

TC ddTC p TC ddTC

No of
pts

% No of
pts

% No of
pts

% No of
pts

Age Average 59.5 58 0.23 58.5 54.5
(min–max) (39–77) (42–76) (47–70) (43–7

Stage II 1 2% 1 3% 1 3 19% 0
III 38 90% 25 83% 11 69% 15
IV 3 7% 4 13% 2 13% 1

Residual
tumor

Optimal 6 14% 7 23% 0.36 12 75% 7
Suboptimal 36 86% 23 77% 4 25% 9
sensitive. So far, researchers from Singapore have also reported that
when universal epithelial-mesenchymal transition (EMT) scoring from
cancer-specific transcriptomic EMT signatures of various cancers was
applied, “mesenchymal-like” ovarian cancer correlated with taxane
sensitivity [21].

In order to prove the hypothesis that the MT subtype has a taxane
sensitivity, a new clinical trial to compare taxanemonotherapy to a pla-
cebo treatment would be ideal. However, because the taxane and plati-
num combination regimen has been a standard strategy for treating
ovarian cancer patients, such clinical trial is ethically not feasible. In
the JGOG3016 study, tri-weekly administration of carboplatin AUC6
was the same, whereas paclitaxel regime differed. For the ddTC regi-
men, paclitaxel was given weekly at 80 mg/m2 (240 mg/m2 per three
weeks) and for the TC regimen paclitaxel was given tri-weekly at
180mg/m2. Therefore, in the JGOG3016A1 study, PFS of theMT subtype
was compared between the ddTC and TC groups as a primary endpoint.

We classified the HGSOC cases into the four histopathological sub-
types [16] without knowing any clinical information. For postoperative
residual tumor, the MT subtype showed an increased rate of suboptimal
surgery,whereas, the IR subtype showed an increased rate of optimal sur-
gery (Table 1). For both PFS and OS, the MT subtype had the worst prog-
nosis and the IR subtype had the best prognosis (Fig. 1). These results
were consistent with our previous reports [16,22]. It has been reported
that the mesenchymal transcriptome subtype was associated with a
higher rate of suboptimal surgery [23] and was more likely to have
al residual tumor.

SP PG

p TC ddTC p TC ddTC p

% No of
pts

% No of
pts

% No of
pts

% No of
pts

%

0.41 61 58.5 0.80 56 58 0.56
3) (32–71) (28–69) (25–78) (36–76)
0% 0.23 2 7% 6 27% 0.12 4 19% 7 26% 0.73
94% 20 74% 13 59% 14 67% 15 56%
6% 5 19% 3 14% 3 14% 5 19%
44% 0.15 13 48% 11 50% 1 11 52% 13 48% 1
56% 14 52% 11 50% 10 48% 14 52%
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Subtype Tx N CENS Median 95% CI P valuePFS  (y) (lower, upper) 

MT TC 42 3 1.2 1 1.46 0.01ddTC 30 8 1.8 1.38 2.97

Subtype Tx N CENS Median 95% CI P valuePFS  (y) (lower, upper) 

IR TC 16 8 5.8 2.13 - 0.64ddTC 16 7 5.2 1.26 -

Subtype Tx N CENS Median 95% CI P valuePFS  (y) (lower, upper) 

SP TC 27 6 1.37 0.81 2.52 0.07ddTC 22 8 3.18 1.81 -

Subtype Tx N CENS Median 95% CI P valuePFS  (y) (lower, upper) 

PG TC 21 6 1.7 1.04 5.69 0.64ddTC 27 5 1.5 1.01 2.65

Fig. 2. PFS curves were assessed between the TC group and the ddTC group among the four histopathological subtypes. A) The MT type. B) The SP type. C) The IR type D) The PG type.
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upper abdominal or miliary dissemination patterns [24]. A meta-analysis
that assessed1528 cases of gene expressionmicroarray data reported that
EMT pathway and TGF-beta pathway were enriched in tumors resulting
in suboptimal surgery [25]. These pathways were also characterized by
theMT subtype [16]. For advanced ovarian cancerwith bulky or upper ab-
dominal peritoneal dissemination, it is important to make a decision
whether to perform a primary debulking surgery or to administer neoad-
juvant chemotherapy followed by interval debulking surgery in order to
achieve complete tumor resection [26,27]. When we biopsy the tumor
Table 3
Cox regression hazard analysis for treatment by the ddTC compared to the TC regimen, stages

PFS MT IR

Univariate Covariates HR 95% HR CI HR 95% HR CI
Treatment 0.51 0.30 0.86 1.26 0.48 3.27

Stage – – – – – –
Residual tumor 1.70 0.84 3.45 2.46 0.94 6.43

Multivariate Covariates HR 95% HR CI HR 95% HR CI
Treatment 0.51 0.30 0.86 1.00 0.37 2.68

Stage – – – – – –
Residual tumor 1.68 0.83 3.41 2.46 0.91 6.67

OS MT IR

Univariate Covariates HR 95% HR CI HR 95% HR CI
Treatment 0.60 0.34 1.08 2.55 0.49 13.18

Stage – – – – – –
Residual tumor 1.47 0.71 3.02 4.44 0.86 22.93

Multivariate Covariates HR 95% HR CI HR 95% HR CI
Treatment 0.60 0.34 1.07 1.67 0.30 9.29

Stage – – – – – –
Residual tumor 1.48 0.72 3.05 3.78 0.68 21.09
tissues before treatment, the histopathological examination would allow
us to identify theMT subtype,whichmayhelpus choose amore appropri-
ate treatment strategy.

Themain objective of this studywas to assesswhether the PFS in each
HGSOChistopathological subtype differed according to the treat group. As
we expected, the MT subtype showed a significantly longer PFS in the
ddTC group than in the TC group with 49% reduction in the progression
of disease (Fig. 2A, Table 3). Although not statistically significant, the SP
subtype showed longer PFS in the ddTC group (Fig. 2C). This result may
III–IV compared to stage II, and suboptimal residual tumors compared to optimal ones.

SP PG All

HR 95% HR CI HR 95% HR CI HR 95% HR CI
0.54 0.28 1.07 1.17 0.60 2.26 0.73 0.53 1.009
6.10 1.46 25.56 2.40 0.99 5.80 4.14 2.02 8.457
2.43 1.22 4.84 1.63 0.84 3.13 2.25 1.59 3.183
HR 95% HR CI HR 95% HR CI HR 95% HR CI
0.61 0.31 1.22 1.12 0.58 2.17 0.69 0.5 0.95
3.93 0.86 17.96 2.17 0.87 5.38 3.02 1.44 6.335
1.76 0.85 3.64 1.36 0.69 2.68 1.86 1.29 2.669

SP PG All

HR 95% HR CI HR 95% HR CI HR 95% HR CI
0.56 0.24 1.33 1.03 0.46 2.30 0.74 0.5 1.08
– – – 2.23 0.76 6.54 4.97 1.83 13.5

3.45 1.35 8.80 2.80 1.20 6.54 3.2 2.04 5.027
HR 95% HR CI HR 95% HR CI HR 95% HR CI
0.57 0.24 1.34 0.88 0.39 1.99 0.69 0.47 1.013
– – – 1.68 0.55 5.11 2.89 1.03 8.109

3.44 1.35 8.78 2.52 1.04 6.10 2.73 1.71 4.354
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come from the disproportionate number of patients in stage II who re-
ceived ddTC, 6/25 (27%) versus the TC group, 2/27 (7%) (Table 2). The
IR and PG subtypes displayed no significant difference between the
ddTC group and the TC group (Fig. 1, Table 3). In any case, as predicted,
the MT subtype truly benefited from the ddTC regimen compared to the
TC regimen.

Themechanism to explainwhy themesenchymal-like phenotype cor-
relates with taxane sensitivity is unknown. In ovarian cancer, TGFBI,
which is a downstream gene of TGF-beta, was reported to contribute to
stabilization of microtubules and to increase the paclitaxel sensitivity
[28]. In lung cancer, EMT inhibits the expression of beta tubulin, which in-
duces paclitaxel sensitivity [29]. In contrast, Snail [30] and ZEB1 [31] by
inducing EMTwere reported to contribute to paclitaxel resistance in ovar-
ian cancer cell lines experiments. PI3K dependent EMTwas also reported
to contribute to paclitaxel resistance [32]. The discordance of previous re-
ports could be explained by tumor microenvironment interaction, which
would affect chemo response [33]. In ovarian cancer, it is known that pac-
litaxel targets VEGF-mediated angiogenesis [34]. The activated VEGF
pathway in the mesenchymal transcriptome subtype of HGSOC [35]
might contribute to paclitaxel sensitivity [21]. In any case, themechanism
by which the MT subtype responds well to the ddTC regimen should be
further investigated.

One of the limitations of this study is interobserver variation of his-
topathological classification. In our previous study16, the overall consis-
tency rates of diagnosed MT, IR, SP, and PG by six observers had an
average of 74% (61–89%). Similarly, in the current study, immediate
agreement was obtained in 70% of the cases. The inconsistency for the
other cases could be caused by the nature of subjective judgement for
pathological diagnosis. Thus, further study should be performed to de-
crease interobserver variation. Additionally, the inconsistency could be
caused by existence of heterogeneous tumors. A part of HGSOC tumors
could not be classified by gene expression based TCGA molecular
subtyping, even on a NanoString platform, due tomixed subtype signals
[36].

Another limitation of this study is the small sample size, and there-
fore, a validation study is required before making practical applications.
Recently, the ICON8 study analyzed N1500 ovarian cancer cases who
were randomly assigned to three regimen groups of the TC (carboplatin
AUC 5 once every 3 weeks and paclitaxel 175 mg/m2 once every
3 weeks), ddTC (carboplatin AUC 5 once every 3 weeks and paclitaxel
80 mg/m2 once every week), and ddTwC (carboplatin AUC 2 once
every week and paclitaxel 80 mg/m2 once every week). In the ICON8
study, although the ddTC regimen and the ddTwC regimen tended to
prolong median survival time in PFS compared to the TC regimen by
three months, the difference did not reach statistical significance
[36,37]. One of the reasons the result of ICON8 was different from
JGOG3016 study is considered to be a genetic factor among ethnic
groups. In Asianpopulation, ovarian cancer prognoses are relatively bet-
ter [38]. Additionally, Japanese patients have a tendency of having neu-
tropenia and higher response rates during the TC regimen compared to
USpatients in non-small-cell lung cancer [39]. Therefore, Japanese ovar-
ian cancer patients generally respond well to the chemotherapy, which
may contribute to significantly different survival between the ddTC reg-
imen and the TC one in JGOG3016 study. However, given the results
shown in the current study, histopathological classification of HGSOC
cases in the ICON8 study could demonstrate a benefit of ddTC exclu-
sively in theMT subtype. Through a validation study using a large cohort
like ICON8, we might integrate the histopathological classification into
the standard care for ovarian cancer.
Fig. 3. The representative images of the four high-grade serous ovarian carcinoma morpholog
isolated spindle cancer cells with destructive stromal reaction. B) Immune reactive type
surrounding and infiltrating the tumor. C) Solid and proliferative type (SP type): solid growth
type (PG type): papillary growth and glandular architecture with less desmoplastic reaction
right are at 200× magnification.
5. Conclusion

TheMT subtype,which tends to result in suboptimal surgery andhas
theworst prognoses of all the subtypes in HGSOC, benefits more greatly
from the ddTC regimen compared to the conventional TC one. We be-
lieve that the pathological diagnosis for the MT subtype in HGSOC has
the potential to lead to their greater individualization. Further clinical
validation study to investigate the reproducibility and basic research
to discover the mechanism will be required as a future plan.
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