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Abstract: Serous carcinoma of the ovary has been traditionally

graded as well-differentiated, moderately differentiated, and

poorly differentiated (ie, a 3-tier system). A new 2-tier system

grades serous carcinomas into low or high grade. Recent

morphologic and molecular studies have shown that invasive

well-differentiated serous carcinoma, referred to by us as

‘‘invasive low-grade micropapillary serous carcinoma,’’ is clearly

distinct from high-grade serous carcinoma from the standpoint

of pathogenesis and clinicopathologic features. As high-grade

serous carcinoma is histologically heterogeneous, the goal of this

study was to determine, based on molecular and drug resistance

data, whether further subclassification of high-grade serous

carcinomas into additional grades (moderately and poorly

differentiated) has biologic validity. One hundred eleven ovarian

and peritoneal high-grade serous carcinomas further subclassi-

fied as moderately and poorly differentiated types using the

International Federation of Gynecology and Obstetrics (FIGO)

grading system were analyzed for TP53 mutations and in vitro

extreme drug resistance to 10 chemotherapeutic drugs. Seventy-

six and 35 cases were subclassified as moderately and poorly

differentiated, respectively. A TP53 mutation was present in

84% of moderately and 70% of poorly differentiated types of

high-grade serous carcinomas, respectively (P=0.21), and there

were no significant differences in the frequency of extreme drug

resistance for each of the 10 drugs tested (P values ranging from

0.14 to >0.99). Although additional investigation is warranted,

this study suggests that subclassification of high-grade serous

carcinoma into moderately and poorly differentiated is not

relevant. Accordingly, they can be simply classified as high-

grade serous carcinoma.
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Serous carcinoma of the ovary has been traditionally
graded as well-differentiated, moderately differen-

tiated, and poorly differentiated using a 3-tier system.
Recently, a 2-tier system that grades serous carcinomas
into low or high grade has been proposed based on
studies showing that patients with low-grade tumors
survive substantially longer than those with high-grade
tumors. The reported 5-year survival rates using a 2-tier
system from 3 studies ranged from 40% to 56% for low-
grade serous carcinoma compared with 9% to 34% for
high-grade serous carcinoma.17,25,32

Morphologic and molecular genetic studies per-
formed in the last few years in our laboratory have shown
that invasive well-differentiated serous carcinoma, re-
ferred to by us as ‘‘invasive low-grade micropapillary
serous carcinoma (MPSC),’’ is very different from high-
grade serous carcinoma from the standpoint of pathogen-
esis and clinicopathologic features.26,31 Specifically, the
low-grade carcinomas are indolent tumors that are
genetically stable and are characterized by mutations of
KRAS, BRAF, and ERBB2. TP53 mutations are rarely
identified. In contrast, high-grade serous carcinomas are
highly aggressive tumors that are genetically unstable and
characterized by a very high frequency of TP53 muta-
tions. Mutations of KRAS and BRAF are rarely, if ever,
detected. In addition, it seems that low-grade MPSCs
develop from a well-defined precursor lesion, namely
atypical proliferative serous tumor (serous borderline
tumor) whereas high-grade serous carcinomas have been
described as arising de novo since a well characterized
precursor lesion has not been identified. These data
strongly suggest that low-grade micropapillary and
high-grade serous carcinomas develop along different
pathways and are not related to one another. This calls
into question the use of a 3-tier grading system, which
implies that serous carcinoma is a single entity in
which there is a morphologic and biologic spectrum fromCopyright r 2008 by Lippincott Williams & Wilkins
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well-differentiated to poorly differentiated neoplasms.
Another problem with the 3-tier grading system is that
it is often difficult to morphologically distinguish moder-
ately and poorly differentiated tumors reflected by the
common practice of grading these tumors as moderately
to poorly differentiated. Finally, 3-tier systems are based
on the notion that there are substantial differences in the
behavior of tumors graded as well-differentiated, moder-
ately differentiated, and poorly differentiated so that
these grades have clinical utility from the standpoint of
prognosis and treatment, for example, that the manage-
ment for a patient with advanced stage moderately
differentiated serous carcinoma is different from that of
a patient with a poorly differentiated tumor. The present
study was undertaken to test the validity of these
assumptions. First, in light of the current view that low-
grade micropapillary and high-grade serous carcinomas,
for all practical purposes, are distinctly different entities,
we elected to focus our analysis exclusively on high-grade
serous carcinomas. Second, the heterogeneity of high-
grade serous carcinomas raises the question of whether
these tumors contain a mixture of biologically different
neoplasms. If these were true, they might be expected
to respond differently to chemotherapy. Alternatively, the
morphologic heterogeneity displayed by these high-grade
tumors might be a manifestation of genetic instability
resulting in different morphologic phenotypes but without
reflecting differences in clinical outcome and response to
treatment. Accordingly, the goal of this study was
to assess molecular genetic and in vitro drug resistance
data from a large group of high-grade serous carcinomas
subdivided into moderately and poorly differentiated to
determine whether there was biologic evidence to justify
this subclassification.

MATERIALS AND METHODS

Case Selection
Hematoxylin and eosin (H&E) slides of ovarian and

primary peritoneal carcinomas from 2002 to 2007
removed at The Johns Hopkins Hospital were retrieved
from the files of the Department of Pathology. Slides were
reviewed to confirm the diagnosis and grade. Only high-
grade serous carcinomas in which molecular studies were
performed and/or in vitro drug resistance data were
available were included (n=111). Pure endometrioid,
clear cell, mucinous, transitional cell, and undifferentiated
carcinomas and carcinomas of definitive fallopian tube
origin were excluded.

Thirty-three patients received preoperative chemo-
therapy. Information regarding preoperative chemother-
apy status was unknown in another 2 patients. In cases of
primary ovarian origin, either tumor from the ovary or
extraovarian sites was used for molecular/drug resistance
analysis depending on which tissue was submitted for
special studies at the time of frozen section or gross
examination. Twenty-one cases of ovarian or peritoneal
origin represented recurrent/persistent disease; none of
the recurrent/persistent tumors were from the same

patients in whom the initial primary ovarian or primary
peritoneal tumor was analyzed in this study. In 1 case of
ovarian origin which was not considered recurrent/per-
sistent disease, the initial surgery was performed at an
outside hospital, but the debulking procedure was
performed at The Johns Hopkins Hospital; this specimen
was used for this study.

Sampling
In cases of primary ovarian carcinoma in which

slides of the tumor in the ovary were available, only slides
of the ovary(s) were reviewed. In cases of primary
peritoneal carcinoma or tumors of primary ovarian origin
in which only extraovarian slides were available, all
slides containing tumor regardless of anatomic site were
reviewed.

The mean number of available slides containing
tumor per case was: 9.9 for tumors of primary ovarian
origin (total number for unilateral and bilateral cases)
(range: 1 to 41); 14.5 for tumors of primary peritoneal
origin (range: 5 to 31); and 18.5 for tumors in which
primary ovarian versus primary peritoneal origin could
not be determined (range: 11 to 34).

Determining Primary Ovarian Versus Primary
Peritoneal Origin

Cases were classified as being of primary ovarian
versus primary peritoneal origin based on review of H&E
slides, information in the gross pathology report, and
clinical notes in The Johns Hopkins Hospital computer
system. The Gynecologic Oncology Group (GOG)
criteria for primary peritoneal origin6 were generally used
with minor modifications: briefly, both ovaries must not
be enlarged because of tumor involvement; the extent of
nonovarian disease must be greater than that involving
the ovaries; microscopically, the ovary must show either
no tumor or involvement of ovarian surface or ovarian
parenchyma/stroma by tumor measuring <5mm in
greatest dimension; and the extraovarian tumor must
display a histologic appearance consistent with that seen
in ovarian serous carcinomas. In contrast to those GOG
criteria, we do not require Z5mm of tumor within
ovarian parenchyma/stroma for a designation of primary
ovarian origin: if Z5mm of tumor is not present within
ovarian parenchyma/stroma, we still designate a tumor as
being of primary ovarian origin if Z5mm is present on
the ovarian surface (unless the growth pattern on the
surface of the ovary is characterized by tumor embedded
in a desmoplastic plaque characteristic of secondary
ovarian involvement) as some primary ovarian carcino-
mas without significant peritoneal involvement may be
predominantly located on the surface of the ovary. On
the basis of these features, 94 cases were categorized
as primary ovarian serous carcinoma, 13 as primary
peritoneal serous carcinoma, and 4 as serous carcinoma in
which primary ovarian versus primary peritoneal origin
could not be determined.
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Grading
Cases were considered high-grade serous carcinoma

based on the criteria of Malpica et al17 with one
exception: specific mitotic indices as described by Malpica
et al17 were not used for grading purposes in this study;
rather, tumors with infrequent mitotic figures and readily
identifiable mitotic figures were generally considered low
and high grade, respectively, as long as the nuclear
features were consistent with either grade. Cases were
classified as high grade if nuclei showed a variable
combination of Z3:1 variation in nuclear size and shape,
irregular chromatin pattern, and prominent nucleoli.
Tumors with nuclei showing a variable combination of
mostly uniform round to oval nuclei, even chromatin
pattern, and conspicuous but not prominent nucleoli were
considered low grade and excluded from the study.

All high-grade serous carcinomas were further
subclassified into moderately differentiated or poorly
differentiated based on International Federation of
Gynecology and Obstetrics (FIGO) criteria. The FIGO
grade is based solely on the amount of solid growth: grade
1 (well-differentiated)= <5%, grade 2 (moderately
differentiated)=5% to 50%, and grade 3 (poorly
differentiated)= >50%. It should be noted that other
large studies of ovarian serous carcinoma17,27 and an
authoritative review article on grading ovarian carcino-
ma30 also based FIGO grade entirely on architecture
without incorporating severe nuclear atypia into the final
grade. The FIGO criteria were selected for this study
because they are easier to apply (ie, up to 50% vs. more
than 50% solid growth for grades 2 and 3, respectively)
than a grading system which uses various combinations
of architecture, nuclear atypia, and mitotic index and
necessitates calculating a combined score. None of the
high-grade serous carcinomas in this study qualified as
FIGO grade 1. Grading in the present study required
histologic examination of all available H&E slides that
contained tumor (as described above), including both
ovaries for cases with bilateral disease. Solid architecture
consisted of any type of growth pattern that was
nonglandular/nonpapillary and included diffuse sheets
or tightly compressed solid nests, individual cells, cords,
and trabeculae with little intervening stroma.

TP53 Mutational Analysis
Genomic DNA was isolated from enriched tumor

samples and analyzed for sequence mutations of the TP53
gene using primers for exons 4 to 9 via the polymerase
chain reaction (PCR). The PCR sequencing primers are
listed in Table 1. PCR was first performed using the
following protocol. An aliquot of 1 ml of purified DNA
was used in a 25 ml PCR mixture containing PCR buffer,
10 mM dNTP, and 0.25U/ml Platinum Taq (Invitrogen,
Carlsbad, CA). The PCR protocol was as follows:
denaturation for 2 minutes at 941C followed by 35 cycles
of denaturation at 941C for 30 seconds, annealing at 571C
for 30 seconds, and extension at 701C for 5 minutes. The
PCR products were then purified followed by sequencing
reactions (Agencourt Inc, Beverly, MA). The nucleotide
sequences were then analyzed using the Mutation
Surveyor program (Soft Genetics, LLC, State College,
PA). The sequencing data were independently analyzed
by 2 individuals (Ritu Salani, MD and Tian-Li Wang,
PhD; see Acknowledgment section). To confirm the
mutations, we resequenced the exons with TP53 muta-
tions using reverse primers. The sequence data were
filtered out for the well-known TP53 polymorphism at
codon 72 (Arg/Pro), which was not considered a mutation
in this study.

Drug Resistance Data
In vitro extreme drug resistance to chemothera-

peutic drugs was determined using the EDR assay and
performed at Oncotech Inc (Tustin, CA), as per routine
handling of ovarian and peritoneal carcinomas at The
Johns Hopkins Hospital.

Briefly, tumor samples were obtained at the time of
either frozen section or gross examination of fresh tissue,
submitted in transport media, and sent to Oncotech Inc.
Tumor tissue was minced, enzyme digested, and plated in
agar. Cells were incubated with antineoplastic agents for
a total of 5 days, with 3H-thymidine being introduced
during the last 2 days of culture. Cell proliferation was
then measured by scintillation.

All drug resistance data in this study was
extracted from the Oncotech Inc laboratory report as
part of the medical record, which evaluates a panel of

TABLE 1. Nucleotide Sequences of Primers for Analysis of TP53

Exon Forward Primer Reverse Primer

4 50-ACCTGGTCCTCTGACTGCT-30 50-CCCAAGTTCCAAACAAAAGA-30

4S* 50-AAGAATGCAGGGGGATACG-30

5 50-GGTGCTTAGCATGTTTGTTTC-30 50-GGCCAGACCTAAGAGCAATCAG-30

5S* 50-GCCGTCTTCCAGTTGCTTTA-30

6 50-CATGAGCGCTGCTCAGATAG-30 50-TTGCACATCTCATGGGGTTA-30

6S* 50-GAGAGACGACAGGGCTGGTT-30

7 50-CGACAGAGCGAGATTCCATC-30 50-TGGAAGAAATCGGTAAGAGGTG-30

7S* 50-CTGCTTGCCACAGGTCTCC-30

8 and 9 50-GGTGGTTGGGAGTAGATGGA-30 50-AAGAAAACGGCATTTTGAGTG-30

8 and 9S* 50-ATGGGACAGGTAGGACCTGATT-30

*Sequencing primer.
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10 chemotherapeutic drugs (carboplatin, paclitaxel,
topotecan, doxil/doxorubicin, etoposide, gemcitabine,
docetaxel, cisplatin, cisplatin+gemcitabine, and cyclo-
phosphamide) for assessment of chemoresistance which is
reported as low, intermediate, or extreme drug resistance.
In this study, tumors were scored for presence or absence
of extreme drug resistance.

Statistical Analysis
All high-grade serous carcinomas of primary

ovarian origin and primary peritoneal origin and cases
in which primary ovarian versus primary peritoneal origin
could not be determined were combined into either a
moderately or poorly differentiated category. Primary
ovarian and primary peritoneal tumors were analyzed
together in the same category because multiple studies
have shown that the histologic, immunohistochemical,
and molecular features, extreme drug resistance profiles,
clinical response to chemotherapy, and clinical behavior
of ovarian and peritoneal serous carcinomas are similar
and likely represent the same tumor.1–8,10,11,14,16,19–21,24,33

Moreover, the GOG criteria for the distinction of primary
ovarian versus primary peritoneal origin are arbitrary.
For carcinomas of primary ovarian origin, tumors in the
ovary and synchronous or metachronous tumors in
extraovarian sites were analyzed together in the same
category for drug resistance because drug resistance
patterns in tumors from both ovarian and synchronous
or metachronous extraovarian sites have been shown to
be similar.34

Moderately and poorly differentiated serous carci-
nomas were compared for the frequency of TP53
mutations and extreme drug resistance. The data were
tabulated and the percentages calculated. Fisher exact
test (2-tailed) was used to compare the frequencies for
each group. P values <0.05 were considered statistically
significant.

RESULTS

Histologic Findings
Of the 76 moderately differentiated tumors (Fig. 1),

2 contained mixed nonserous features: 1 with endome-
trioid differentiation and 1 with transitional cell differ-
entiation. Two cases contained clear cells,29 but
diagnostic features of a classic clear cell carcinoma
component were not present. One case arose on the
background of a low-grade serous carcinoma. The
remaining moderately differentiated tumors were pure
serous carcinomas. Of the 35 poorly differentiated tumors
(Fig. 2), 1 contained mixed endometrioid differentiation.
Two cases contained clear cells,29 but diagnostic features
of a classic clear cell carcinoma component were not
present. The remaining poorly differentiated tumors were
pure serous carcinomas. Of all the cases that received
preoperative chemotherapy in this study, the majority did
not show substantially different histologic alterations
compared with cases that did not receive preoperative
chemotherapy. In a minority of cases that received
preoperative chemotherapy, the tumors tended to show
acellular patches of stromal fibrosis. However, such
alterations did not create substantial difficulty in deciding
that the nuclei were high grade or determining the
architectural grade.

Molecular Findings
A TP53 mutation was present in 38 of 45 (84%)

moderately and 16 of 23 (70%) poorly differentiated types
of high-grade serous carcinomas, respectively (P=0.21).
Of note, the one moderately differentiated tumor that
arose on the background of low-grade serous carcinoma
had a TP53 mutation. Moderately and poorly differen-
tiated types of high-grade serous carcinoma were
separately analyzed with respect to whether or not
patients were treated with preoperative chemotherapy.
However, no significant differences in the frequency of

FIGURE 1. High-grade serous carcinoma (A, B). This case shows papillary architecture characteristic of serous carcinoma (A) and is
considered high-grade based on nuclear features (B). It is further subclassified as moderately differentiated based on r50% solid
architecture.
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TP53 mutations for patients with and without preopera-
tive chemotherapy were observed in either carcinoma type
(data not shown).

Drug Resistance Assay Findings
Seventy-three moderately differentiated tumors

were tested for extreme drug resistance for various drugs:
3 drugs (1), 4 drugs (9), 6 drugs (3), 7 drugs (7), 8 drugs
(1), 9 drugs (6), and all 10 drugs (46). Thirty-three poorly
differentiated tumors were tested for extreme drug
resistance for various drugs: 2 drugs (2), 3 drugs (1), 4
drugs (1), 5 drugs (1), 6 drugs (1), 7 drugs (2), 8 drugs (2),
9 drugs (2), and all 10 drugs (21). Five (3 moderately and
2 poorly differentiated) tumors were not tested for
extreme drug resistance because either material was not
submitted for testing at the time of operation or testing
could not be performed because of technical reasons.

The difference in the frequency of extreme drug
resistance for each of the 10 chemotherapeutic drugs
between moderately and poorly differentiated types of
high-grade serous carcinomas was not statistically sig-
nificant (Table 2). Moderately and poorly differentiated
types of high-grade serous carcinoma were separately
analyzed with respect to whether or not patients were
treated with preoperative chemotherapy. Again, no
significant differences in the frequency of extreme drug
resistance for patients with and without preoperative
chemotherapy were observed for either carcinoma type
(data not shown).

DISCUSSION
Several grading systems for ovarian carcinoma have

been described (reviewed in Silverberg30), but there is no
consensus among pathologists which should be used. The
Shimizu system uses a 3-tier grading scheme based on a
combination of architecture, nuclear atypia, and mitotic
index with individual components assigned points based
on severity.28 A combined score, similar to the grading of
breast carcinoma, is then calculated by adding up the
points for each feature. In the FIGO system, a 3-tier

FIGURE 2. High-grade serous carcinoma (A–C). This case
shows complex papillary architecture with irregular slitlike
spaces as is seen in serous carcinoma (A). It is considered high-
grade based on nuclear features (C) and further subclassified
as poorly differentiated based on >50% solid architecture (B).

TABLE 2. Extreme Drug Resistance in Both Types of High-
grade Serous Carcinomas

Type of High-grade Serous Carcinoma

Chemotherapeutic Drug

Moderately

Differentiated*

Poorly

Differentiated* P

Carboplatin 6/70 (9%) 4/30 (13%) 0.48
Cisplatin 5/62 (8%) 5/25 (20%) 0.14
Paclitaxel 17/71 (24%) 5/29 (17%) 0.60
Docetaxel 12/70 (17%) 2/28 (7%) 0.34
Gemcitabine 5/60 (8%) 2/29 (7%) >0.99
Cisplatin+gemcitabine 5/53 (9%) 1/23 (4%) 0.66
Cyclophosphamide 22/57 (39%) 13/25 (52%) 0.33
Etoposide 18/59 (31%) 10/28 (36%) 0.63
Topotecan 11/60 (18%) 6/30 (20%) >0.99
Doxorubicin/Doxil 25/62 (40%) 10/28 (36%) 0.82

*Results listed as proportion of cases exhibiting extreme drug resistance.
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scheme is also used based on the amount of solid
growth.13,17,27,30 The Shimizu and FIGO systems can
be applied to almost all histologic types of ovarian
carcinoma. In contrast, the 2-tier system of Malpica
et al17 is applicable for serous carcinomas only. Never-
theless, as serous carcinoma represents most of the
ovarian and peritoneal carcinomas, this system has
important practical utility. In our practice, we use the
2-tier system which subdivides serous carcinomas into
low-grade MPSC and high-grade serous carcinoma in
view of the profound differences in the clinicopathologic
and molecular genetic features and excellent histologic
reproducibility of these 2 entities.17,18,25,26,31,32

The main difference between a 2-tier and 3-tier
system lies in the categories of moderately and poorly
differentiated carcinoma, which predominantly correlate
with high grade in the 2-tier system. For example, in the
study by Malpica et al,17 the majority of low-grade serous
carcinomas were FIGO grade 1 whereas nearly all high-
grade serous carcinomas were FIGO grades 2 and 3;
likewise, nearly all low-grade serous carcinomas were
Shimizu grade 1 whereas all high-grade serous carcinomas
were Shimizu grades 2 and 3. Because clinicopathologic
and molecular genetic data indicate that low-grade
MPSCs and high-grade serous carcinomas are fundamen-
tally different and distinct entities, the low-grade carci-
nomas were not included in the present study. On the
other hand, as high-grade serous carcinoma in the 2-tier
system is histologically heterogeneous and many systems
grade serous carcinomas as moderately or poorly
differentiated, the aim of the present study was to
determine whether there is biologic validity to subclassi-
fying high-grade serous carcinomas into moderately
differentiated and poorly differentiated carcinomas.
Identifying 2 biologically distinct subgroups of high
grade would support a 3-tier as opposed to a 2-tier
system.

We chose mutations of TP53 as the molecular
marker for this analysis because this gene seems to be very
important in the pathogenesis of high-grade serous
tumors. TP53 mutations occur in up to 80% of high-
grade serous carcinomas but are uncommon in low-grade
serous neoplasms, such as serous borderline tumors
(‘‘atypical proliferative serous tumor,’’ ‘‘noninvasive low-
grade MPSC’’) and invasive low-grade MPSCs.22,26,31 We
reasoned that it would be important to assess whether
high-grade serous carcinomas that are further subclassi-
fied as moderately and poorly differentiated carcinoma
exhibit differences in the frequency of TP53 mutations.
The findings in this study show that there is no significant
difference between moderately and poorly differentiated
types of high-grade serous carcinomas with respect to
mutations of this gene.

Assessment of extreme drug resistance data was
considered another important parameter to determine the
clinical relevance of subdividing high-grade serous
carcinomas into moderately and poorly differentiated
because the EDR assay serves as a surrogate for
estimating prognosis and resistance to chemotherapy. In

a study by Holloway et al,12 patients with advanced stage
ovarian carcinoma were treated with platinum-based
chemotherapy, and extreme drug resistance to platinum
was assessed using the Oncotech Inc assay. In that study,
the estimated overall 5-year survival rates for patients
with and without extreme drug resistance were 19%
versus 68%, respectively, and in multivariate analysis of
overall survival, in vitro drug resistance was statistically
significant (P=0.036). A low drug resistance score in the
Oncotech Inc assay does not accurately predict an in vivo
clinical response to various chemotherapeutic drugs,
but extreme drug resistance in the Oncotech Inc assay
strongly correlates with lack of a clinical response.12,15

It has been shown that the various histologic types of
ovarian carcinoma display different in vitro chemoresis-
tance profiles.9 We, therefore, attempted to determine
whether in vitro extreme drug resistance within a single
histologic category (high-grade serous carcinoma)
showed differences between tumors that were further
graded as moderately compared with poorly differen-
tiated. If the distinction was important, it would be
expected that the poorly differentiated serous carci-
noma would have a higher frequency of extreme drug
resistance compared with moderately differentiated
serous carcinoma. In this study, there were no statistically
significant differences between moderately and poorly
differentiated serous carcinomas in the frequencies of
extreme drug resistance to 10 chemotherapeutic
agents. As such, the findings in this study suggest that
high-grade serous carcinomas that are subclassified into
moderately and poorly differentiated are similar in
terms of expected resistance to chemotherapy and
probably have similar metabolic pathways and/or
molecular alterations related to drug resistance. Addi-
tional molecular studies are required to elucidate this
aspect. Also, it would be important to evaluate in vivo
clinical response to chemotherapy in future studies
comparing moderately and poorly differentiated serous
carcinoma.

A potential limitation of our study is that the
sample size was not adequately powered to detect the
small differences that we observed. However, if the true
magnitude of differences are as observed, this would
suggest that high-grade serous carcinomas that are
further subclassified into moderately and poorly differ-
entiated are similar enough with respect to TP53
mutations and extreme drug resistance that the 2 groups
can be combined for practical purposes. Additional
studies should be done to confirm our findings.

The molecular genetic and drug resistance findings
in our study in conjunction with clinical findings reported
by Malpica et al17 provide strong support for a 2-tier
system. Notably, for the first 5 years of follow-up in the
study by Malpica et al (the majority of patients with
grades 2 and 3 tumors died within the first 5 y), the
survival curves of grade 2 cases were nearly identical
to those of grade 3 cases for both the FIGO and
Shimizu grading systems, and grades 2 and 3 survival
curves were distinct from the survival curves of grade 1
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cases (Tables 7 and 8 in Malpica et al).17 Those
findings strongly suggest a clinical basis for collapsing
grades 2 and 3 of both the FIGO and Shimizu grading
systems into a single category designated ‘‘high-grade
serous carcinoma.’’ However, to definitively answer
the question of whether a 2-tier versus 3-tier grading
system provides for the best patient care, future
studies should directly compare both grading systems
using a large cohort of patients who were treated similarly
and use survival and response to chemotherapy as end
points.

In conclusion, our findings do not support sub-
classification of high-grade serous carcinoma into 2
additional grades. Although this provides support for a
2-tier (low-high grade) classification system, it should be
emphasized that this study was not specifically aimed at
directly validating the 2-tier system as cases classified as
low-grade, FIGO grade 1, or Shimizu grade 1 were not
assessed. Regardless, low-grade MPSC has different
molecular genetic features, in vitro extreme drug resis-
tance profiles, and clinical behavior compared with high-
grade serous carcinoma,17,23,25,26,31,32 supporting the view
that these are distinctly different entities.
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