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Abstract

Background: The understanding of ovarian cancer pathogenesis has recently shifted to recognize distinct changes in how
ovarian cancer histotypes are defined. Using the 2014 World Health Organization (WHO) diagnostic guidelines, we classified
ovarian cancer histotypes in Surveillance, Epidemiology, and End Results (SEER) cancer registry data and examined survival
patterns by histotype and disease stage.
Methods: We extracted data on 28 118 incident epithelial ovarian cancer cases diagnosed in 2004–2014 from SEER and defined
histotype using the 2014 WHO guidelines (high-grade serous, low-grade serous, endometrioid, clear cell, mucinous, carcino-
sarcoma, and malignant Brenner tumors). By histotype and disease stage, we estimated Kaplan-Meier survival curves and
calculated age-adjusted overall and cause-specific survival estimates. Cox proportional hazards regression models were used
to estimate histotype-specific hazard ratios (HRs) and 95% confidence intervals (CIs) by disease stage while adjusting for age
at diagnosis, region, race/ethnicity, and receipt of surgery.
Results: Within two years after diagnosis, localized/regional-stage carcinosarcoma and distant-stage mucinous, clear cell,
and carcinosarcoma had a higher risk of mortality compared with high-grade serous, with the most pronounced association
for localized/regional carcinosarcoma (>1–2-year time period: HR ¼ 3.81, 95% CI ¼ 2.74 to 5.30) and distant-stage mucinous (0–
1-year time period: HR ¼ 3.87, 95% CI ¼ 3.45 to 4.34). In the time period more than four to 10 years after diagnosis, hazard ra-
tios for all histotypes relative to high-grade serous, irrespective of disease stage, were less than 1.00. Cumulatively, both local-
ized/regional and distant-stage low-grade serous and endometrioid carcinomas had the most favorable outcomes.
Conclusions: Our large study, which is representative of the United States population and incorporates the most current
knowledge of ovarian cancer pathogenesis, highlights the need to recognize ovarian cancer as a set of distinct diseases and
not a single entity. Only then will we be able to effectively target the unique features of each histotype to reduce ovarian
cancer mortality.

Ovarian cancer is the most lethal cancer of the female reproduc-
tive system, with an estimated 14 070 deaths to occur in the
United States in 2018 (1). Although advances in treatment over
the past few decades have substantially improved median sur-
vival, cure rates remain relatively unchanged (2,3).
Approximately half of women diagnosed with ovarian cancer
survive five years after diagnosis (47%), and among women di-
agnosed with distant-stage disease, five-year survival is only
29% (1). Several factors are associated with survival, including

stage (1,3), size of residual tumor after cytoreductive surgery
(4,5), histotype (6–9), and race/ethnicity (10–13).

Epithelial ovarian cancer (EOC) is a heterogeneous disease,
comprising several histotypes with distinct epidemiologic, mo-
lecular, and clinical features (14). While serous carcinomas were
previously believed to progress along a disease continuum, re-
cent evidence suggests that high-grade and low-grade serous
carcinomas are separate disease processes that develop via in-
dependent pathways and have different behavior and prognosis
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(15). Additionally, many tumors historically designated as high-
grade endometrioid show immunohistochemical similarities to
high-grade serous and would be more accurately classified as
such (16). Pathologists are now able to reproducibly assign these
categories with judicious use of ancillary immunohistochemis-
try (17). The World Health Organization (WHO) classification
guidelines for female reproductive tumors (18) were modified in
2014 to incorporate these findings, and they delineate seven
EOC histotypes: high-grade serous, low-grade serous, endome-
trioid, mucinous, clear cell, carcinosarcoma (analogous to ma-
lignant mixed Mullerian/mesodermal tumors), and malignant
Brenner tumors. Given that these refined definitions more accu-
rately reflect EOC pathogenesis, in the present study, we applied
the 2014 WHO guidelines (18) to nationally representative,
population-based cancer registry data to evaluate survival pat-
terns by histotype. Due to the markedly different outcomes by
extent of disease (1), we present survival patterns separately by
disease stage.

Methods

Study Population

Ovarian cancer cases were identified through the National
Cancer Institute’s Surveillance, Epidemiology, and End Results
(SEER) program, which collects data on every cancer case
reported from 20 geographic areas of the United States (approxi-
mately 28% of the population) that represent the underlying
demographics for the entire US population (19). Women meet-
ing the following criteria were extracted from the SEER 18 regis-
tries in the November 2016 data submission (20):
microscopically confirmed invasive ovarian cancer (International
Classification of Diseases for Oncology, 3rd ed. [ICD-O-3] [21], pri-
mary site: C56.9 ovary), diagnosed between 2004 and 2014, age
20 to 84 years, and known race/ethnicity, surgical status, and
stage (Supplementary Figure 1, available online). Stage is de-
fined by the derived SEER Summary Stage 2000 variable (22),
which uses the Collaborative Staging algorithm to combine clin-
ical and pathologic information on the extent of disease to as-
sign stage for diagnoses in 2004 and later. The SEER staging
system corresponds to the commonly used International
Federation of Gynecology and Obstetrics (FIGO) staging system
in the following way: localized (FIGO I-A, I-B, I-not otherwise
specified [NOS]), regional (FIGO I-C, II-A, II-B, II-C, II-NOS),
distant (FIGO III-A, III-B, III-C, III-NOS, IV) (22). Cases identified
only through an autopsy or death certificate were excluded due
to the lack of follow-up time for survival analyses.

Histotype Classification

An expert gynecological pathologist (MK) reviewed the ICD-O-3
morphology codes for cases meeting the inclusion criteria and
grouped them into the 2014 WHO EOC histotypes: serous, endo-
metrioid, clear cell, mucinous, carcinosarcoma, and malignant
Brenner tumors (Table 1). Nonepithelial (eg, germ cell, sex cord-
stromal) and other miscellaneous epithelial tumors were ex-
cluded. As recommended by the 2014 WHO guidelines, we used
a combination of grade and histology to further classify serous
carcinomas into high-grade (grades 2–4) and low-grade (grade 1)
serous, and we reclassified high-grade endometrioid tumors
(grades 3–4, n ¼ 1239) as high-grade serous carcinomas (18,23).
All serous or endometrioid cases missing grade were excluded
(n ¼ 4854 and n ¼ 500, respectively).

Table 1. Histotype classification scheme based on the ICD-O-3
morphology/behavior codes, histology, and grade*

Histology ICD-O morphology/behavior codes No.

Serous
Grade 1 ¼ low-

grade serous
Grade 2, 3, or 4¼

high-grade serous

8020/3: Carcinoma, undifferentiated, NOS 149
8021/3: Carcinoma, anaplastic, NOS 33
8022/3: Pleomorphic carcinoma —
8050/3: Papillary carcinoma, NOS 69
8120/3: Transitional cell carcinoma, NOS 121
8130/3: Papillary transitional cell

carcinoma
—

8260/3: Papillary adenocarcinoma, NOS 164
8441/3: Serous cystadenocarcinoma, NOS 8160
8442/3: Proliferating serous carcinoma,

malignant
—

8450/3: Papillary cystadenocarcinoma,
NOS

49

8460/3: Papillary serous
cystadenocarcinoma

7304

8461/3: Serous surface papillary
carcinoma

1236

8462/3: Papillary serous
cystadenocarcinoma

—

8463/3: Serous surface papillary
carcinoma

—

9014/3: Serous adenocarcinofibroma 14
Endometrioid
Grade 1 or 2 ¼

endometrioid
Grade 3 or 4 ¼

high-grade
serous

8380/3: Endometrioid carcinoma 3924
8381/3: Endometrioid adenofibroma,

malignant
17

8382/3: Endometrioid adenocarcinoma,
secretory variant

9

8383/3: Endometrioid adenocarcinoma,
ciliated cell variant

10

8482/3: Mucinous adenocarcinoma, endo-
cervical type (24)

13

8570/3: Adenocarcinoma with squamous
metaplasia

48

Mucinous 8470/3: Mucinous cystadenocarcinoma,
NOS

737

8471/3: Papillary mucinous
cystadenocarcinoma

69

8472/3: Mucinous cystadenocarcinoma —
8480/3: Mucinous adenocarcinoma 1729
8481/3: Mucin-producing adenocarcinoma 92
9015/3: Mucinous adenocarcinofibroma 13

Clear cell 8290/3: Oxyphilic adenocarcinoma 5
8310/3: Clear cell adenocarcinoma, NOS 2667
8313/3: Clear cell adenocarcinofibroma 20
8443/3: Clear cell cystadenocarcinoma —
8444/3: Clear cell cystic tumor, malignant —

Carcinosarcoma 8575/3: Metaplastic carcinoma, NOS —
8950/3: Mullerian mixed tumor 634
8951/3: Mesodermal mixed tumor 107
8980/3: Carcinosarcoma, NOS 635
8981/3: Carcinosarcoma, embryonal —

Malignant Brenner 9000/3: Brenner tumor, malignant 74
Carcinoma, NOS 8010/3: Carcinoma, NOS 1481

8046/3: Non-small cell carcinoma 70
8140/3: Adenocarcinoma, NOS 4702
8230/3: Solid carcinoma, NOS 5
8440/3: Cystadenocarcinoma, NOS 113

Mixed 8255/3: Adenocarcinoma with mixed
subtypes

198

8323/3: Mixed adenocarcinoma 2008

*— ¼ number of cases not shown due to fewer than five cases during the time

period; NOS ¼ not otherwise specified.

A
R

T
IC

LE

L. C. Peres et al. | 61

Deleted Text: -
Deleted Text: .
Deleted Text: .S.
Deleted Text: U.S.
Deleted Text: Third 
Deleted Text: Edition 
Deleted Text: (
Deleted Text: ) 
Deleted Text: (21)
Deleted Text: d
Deleted Text: -
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djy071#supplementary-data
Deleted Text: -
Deleted Text: L
Deleted Text: (
Deleted Text: )), 
Deleted Text: R
Deleted Text: D
Deleted Text: .
Deleted Text: .
Deleted Text: .
Deleted Text: ,
Deleted Text: -
Deleted Text: .
Deleted Text: .
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: ) (
Deleted Text: ,
Deleted Text: ,


Carcinoma, NOS, and mixed histotypes were historically
used but are no longer represented in the 2014 WHO guidelines.
As many epidemiologic studies of EOC were conducted prior to
2010 (25) with data on these historic histotypes, we include
these histotypes for reference but not as a focus of the present
study.

Statistical Analysis

Survival was defined as time from diagnosis until death or until
time last followed. One-year, five-year, and 10-year age-
standardized overall survival estimates were calculated by his-
totype and stage (localized, regional, and distant) using the ac-
tuarial method in SEER*Stat (26), and 95% confidence intervals
(CIs) were calculated using the log(-log()) transformation. Age
standardization was completed using the International Cancer
Survival Standard weights for cancer sites with increasing inci-
dence by age (27). Where age-adjusted survival estimates could
not be calculated due to small numbers, crude survival esti-
mates are provided.

We also calculated cause-specific survival, which represents
the probability of surviving EOC in the absence of other causes
of death. A cancer registry–derived algorithm processes death
certificate data to assign a single cause of death, which is then
used to define cause-specific death as any cancer death due to
the primary site of origin, the general organ system of the pri-
mary site, other malignant tumors, or a death from AIDS with
cancer (28). While all cases were included to calculate overall
survival estimates, other causes of death were considered cen-
sored observations, and cases with a missing or unknown cause
of death (n ¼ 204) were excluded to calculate cause-specific sur-
vival estimates.

Using Stata, version 14.0 (Stata Corporation, College Station,
TX), we estimated unadjusted Kaplan-Meier survival curves by
histotype and stage and used Cox proportional hazards regres-
sion models to estimate hazard ratios (HRs) and 95% confidence
intervals for the association between histotype and survival
(with high-grade serous as the reference group), separately by
stage. For these analyses, localized and regional were combined
due to small numbers. Cox models were adjusted for age at di-
agnosis, region, race/ethnicity, and surgery. Localized/regional
models were additionally adjusted for stage (localized, regional).
Likelihood ratio tests were used to assess heterogeneity by his-
totype. We evaluated the proportional hazards assumption for
these models overall and for each covariate using Schoenfeld
residuals. Irrespective of stage, a violation of proportional
hazards was observed for histotype (P < .05), primarily due to
time-varying survival patterns for mucinous, clear cell, and car-
cinosarcoma. Therefore, we separated the Cox models into four
time periods: zero to one, more than one to two, more than two
to four, and more than four to 10 years after diagnosis.
However, a violation of proportional hazards was still present
for the zero to one– and more than one to two–year time periods
for distant disease. Surgical status also violated proportional
hazards for the zero to one–year time period and was included
as a strata variable in the Cox models to allow for different base-
line hazard functions by surgical status.

Results

The present analysis included 28 118 EOC cases (Table 2). The
most common histotype was high-grade serous (63.4%), fol-
lowed by endometrioid (9.9%), clear cell (9.6%), mucinous (9.4%),

carcinosarcoma (4.9%), low-grade serous (2.5%), and malignant
Brenner tumors, which are quite rare (0.3%). In comparison with
other histotypes, low-grade serous, endometrioid, clear cell,
and mucinous were diagnosed at younger ages, and a higher
percentage of Asian/Pacific Islanders were diagnosed with clear
cell. About half of low-grade serous were diagnosed at distant
stage, while the majority of high-grade serous and carcinosar-
coma were diagnosed at distant stage, and all other histotypes
were more commonly diagnosed at localized/regional stage. A
higher percentage of women diagnosed with carcinosarcoma
and mucinous did not have surgery compared with other histo-
types (10.9% and 7.8% vs 0.0%–3.0%, respectively). The majority
of women who did not have surgery were diagnosed with dis-
tant-stage disease (91.5%; data not shown).

Irrespective of stage, the best survival outcomes were ob-
served for endometrioid and low-grade serous (Figure 1).
Among women with localized/regional disease, carcinosarcoma
cases experienced the worst survival, especially within two
years after diagnosis. For distant disease, survival for clear cell,
mucinous, and carcinosarcoma was poor and fairly similar,
with a markedly high rate of mortality within the first two years
after diagnosis.

The one-year, five-year, and 10-year age-standardized over-
all survival estimates by histotype and stage are provided in
Table 3. For localized disease, one-year and five-year survival
estimates were greater than 80% for all histotypes, except carci-
nosarcoma, which had worse outcomes at five years after diag-
nosis (70.7%, 95% CI ¼ 56.3% to 81.1%). At 10 years, malignant
Brenner tumors had the worst survival (59.1%, 95% CI ¼ 31.9% to
78.5%), and survival for mucinous, carcinosarcoma, and high-
grade serous declined to less than 70%. For regional disease,
one-year survival estimates were approximately 80% or greater
for all histotypes. At five years after diagnosis, all histotypes ex-
cept low-grade serous and endometrioid had survival estimates
lower than 80%, with the worst outcomes for carcinosarcoma
(38.6%, 95% CI ¼ 32.0% to 45.1%). Carcinosarcoma still had the
worst survival at 10 years (29.0%, 95% CI ¼ 22.4% to 35.9%).
Across each time interval and irrespective of disease stage, low-
grade serous had the best outcomes. For distant disease,
survival estimates were less than 40% within the first year after
diagnosis for mucinous (37.9%, 95% CI ¼ 33.9% to 41.8%) and
about 60% for clear cell and carcinosarcoma (63.3%, 95% CI ¼
58.5% to 67.6%, and 60.0%, 95% CI ¼ 56.8% to 63.0%, respec-
tively). All other histotypes had survival estimates greater than
80% during this time period. By five years after diagnosis, most
histotypes had a survival of less than 35%, with clear cell, carci-
nosarcoma, and mucinous at or less than 22%. The 10-year sur-
vival estimates for clear cell, mucinous, and carcinosarcoma
(which are not age-adjusted due to small numbers) were gener-
ally similar to the five-year age-adjusted survival estimates. For
all other histotypes, survival continued to decline five to 10
years after diagnosis. Low-grade serous had the best survival of
all distant-stage histotypes, but still, only 37.3% (95% CI ¼ 29.0%
to 45.7%) survived 10 years after diagnosis.

Cause-specific survival estimates were similar to overall sur-
vival estimates, although slightly greater in magnitude
(Supplementary Table 1, available online). The difference be-
tween these two estimates was more pronounced for localized
and regional disease, as the duration of survival time increased.
The largest differences between the cause-specific and overall
survival estimates were observed for localized and regional mu-
cinous and endometrioid.

Similar survival patterns by histotype and stage persisted af-
ter adjustment for demographic and clinical characteristics
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(Table 4). For localized/regional disease, endometrioid and low-
grade serous had a lower risk of mortality compared with high-
grade serous across the entire survival period. In comparison
with high-grade serous, women with early-stage carcinosar-
coma had the highest risk of mortality in the first four years af-
ter diagnosis, with the most pronounced hazard ratio in the
more than one to two–year time period (HR ¼ 3.81, 95% CI ¼ 2.74
to 5.30). In the more than four to 10–year time interval, hazard
ratios for all histotypes relative to high-grade serous were less
than 1.00; however, the cumulative mortality for carcinosar-
coma remained notably lower than for high-grade serous during
these years (Figure 1A).

Among women with distant disease, a higher risk of mortal-
ity was observed within the first two years after diagnosis for
mucinous, clear cell, and carcinosarcoma compared with high-
grade serous, with the most striking hazard ratio observed in
the first year after diagnosis for mucinous (HR ¼ 3.87, 95% CI ¼
3.45 to 4.34) (Table 4). Within certain time intervals after diagno-
sis, hazard ratios for some histotypes indicated a reduced risk
of mortality relative to high-grade serous (eg, >4–10 years for
mucinous and clear cell); nevertheless, cumulative survival
remained lower among those histotypes than for high-grade

serous (Figure 1B). Throughout the entire survival period, low-
grade serous had better survival than high-grade serous.

Supplementary Figure 2 and Supplementary Tables 2 and 3
(available online) provide the Kaplan-Meier survival curves, sur-
vival estimates, and hazard ratios for carcinoma, NOS, and
mixed histotypes by stage, respectively. Survival patterns for
carcinoma and NOS were poor irrespective of stage and closely
resemble carcinosarcoma. For mixed histotypes, survival pat-
terns were similar to endometrioid for localized/regional stage
but high-grade serous for distant stage.

Sensitivity Analyses

Due to the likely common pathogenesis of ovarian, fallopian
tube, and primary peritoneal cancers (29) and the recent under-
standing that most high-grade serous likely originate in the fal-
lopian tube (30), we estimated overall and cause-specific
survival including these additional primary sites (ICD-O-3 pri-
mary site: C57.0 fallopian tube, C48.1 peritoneum)
(Supplementary Table 4, available online). Generally, survival
estimates were similar, with the greatest magnitude of change

Table 2. Characteristics of patients diagnosed with invasive epithelial ovarian cancer in 2004–2014 by histotype, SEER 18 registries

Patient characteristics

High-grade
serous

Low-grade
serous Endometrioid Clear cell Mucinous Carcinosarcoma

Malignant
Brenner

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Age at diagnosis, y
Mean 6 SD 61.2 6 11.6 54.7 6 14.5 54.2 6 12.3 55.7 6 10.9 53.5 6 14.9 64.7 6 11.5 61.3 6 11.7
20–39 535 (3.0) 106 (15.0) 299 (10.7) 167 (6.2) 468 (17.7) 28 (2.0) —
40–44 835 (4.7) 70 (9.9) 290 (10.4) 231 (8.6) 239 (9.1) 38 (2.8) —
45–49 1612 (9.0) 84 (11.9) 434 (15.6) 364 (13.5) 283 (10.7) 72 (5.2) 6 (8.1)
50–54 2332 (13.1) 85 (12.0) 476 (17.1) 489 (18.1) 393 (14.9) 133 (9.6) 13 (17.6)
55–59 2613 (14.7) 88 (12.4) 411 (14.8) 502 (18.6) 373 (14.1) 164 (11.9) 6 (8.1)
60–64 2802 (15.7) 82 (11.6) 279 (10.0) 409 (15.2) 274 (10.4) 205 (14.8) 11 (14.9)
65–69 2466 (13.8) 77 (10.9) 243 (8.7) 230 (8.5) 195 (7.4) 216 (15.6) 14 (18.9)
70–74 2066 (11.6) 45 (6.4) 161 (5.8) 145 (5.4) 158 (6.0) 206 (14.9) 8 (10.8)
75–79 1593 (8.9) 46 (6.5) 116 (4.2) 100 (3.7) 138 (5.2) 183 (13.3) 8 (10.8)
80–84 983 (5.5) 25 (3.5) 73 (2.6) 58 (2.2) 120 (4.5) 136 (9.8) —

Region of residence*
Northeast 4493 (25.2) 191 (27.0) 708 (25.4) 731 (27.1) 684 (25.9) 411 (29.8) 14 (18.9)
Northwest 1178 (6.6) 11 (1.6) 139 (5.0) 202 (7.5) 110 (4.2) 69 (5.0) —
Southeast 3455 (19.4) 181 (25.6) 505 (18.2) 356 (13.2) 558 (21.1) 252 (18.2) 15 (20.3)
Southwest 8711 (49.8) 325 (45.9) 1430 (51.4) 1406 (52.2) 1289 (48.8) 649 (47.0) 41 (55.4)

Race/ethnicity
Non-Hispanic white 13 286 (74.5) 535 (75.6) 1950 (70.1) 1795 (66.6) 1733 (65.6) 1013 (73.4) 48 (64.9)
Non-Hispanic black 1160 (6.5) 49 (6.9) 130 (4.7) 110 (4.1) 223 (8.4) 117 (8.5) 8 (10.8)
Non-Hispanic Asian/
Pacific Islander

1254 (7.0) 24 (3.4) 308 (11.1) 488 (18.1) 283 (10.7) 85 (6.2) 6 (8.1)

Non-Hispanic American
Indian/Alaskan Native

123 (0.7) 5 (0.7) 20 (0.7) 13 (0.5) 19 (0.7) 13 (0.9) 0 (0.0)

Hispanic—all races 2014 (11.3) 95 (13.4) 374 (13.4) 289 (10.7) 383 (14.5) 153 (11.1) 12 (16.2)
Disease stage

Localized 882 (5.0) 144 (20.3) 1275 (45.8) 929 (34.5) 1274 (48.2) 75 (5.4) 42 (56.8)
Regional 3057 (17.1) 186 (26.3) 1177 (42.3) 1021 (37.9) 661 (25.0) 267 (19.3) 19 (25.7)
Distant 13 898 (78.9) 378 (53.4) 330 (11.9) 745 (27.6) 706 (26.7) 1039 (75.2) 13 (17.6)

Surgery of primary site
No 535 (3.0) 16 (2.3) 7 (0.3) 71 (2.6) 205 (7.8) 150 (10.9) 0 (0.0)
Yes 17 302 (97.0) 692 (97.7) 2775 (99.7) 2624 (97.4) 2436 (92.2) 1231 (89.1) 74 (100.0)

Total 17 837 (63.4) 708 (2.5) 2782 (9.9) 2695 (9.6) 2641 (9.4) 1381 (4.9) 74 (0.3)

*Northeast includes Connecticut, Iowa, Michigan, New Jersey. Northwest includes Alaska and Washington. Southeast includes Georgia, Kentucky, and Louisiana.

Southwest includes California, Hawaii, New Mexico, and Utah. — ¼ statistic not shown due to fewer than five cases during the time period; NOS ¼ not otherwise speci-

fied; SEER ¼ Surveillance, Epidemiology, and End Results.
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for high-grade serous, where 2136 cases were added to the anal-
ysis, and survival estimates were slightly lower than those for
primary ovary only.

To evaluate whether excluding serous and endometrioid
carcinomas with unknown grade impacted our results, we re-
peated the analyses assuming serous cases missing grade (n ¼
4854) were high-grade serous, while endometrioid cases miss-
ing grade were high-grade serous if distant stage (n ¼ 123) or
endometrioid if localized/regional stage (n ¼ 377). The survival
patterns were practically identical to our main analyses, with
only a slightly poorer survival observed for high-grade serous
(Supplementary Figure 3, available online).

Discussion

The present analysis of SEER data comprehensively assessed
EOC histotype-specific survival using the current WHO

classification and provided data on the largest sample of carci-
nosarcoma and malignant Brenner tumors to date. We observed
the most favorable outcomes for low-grade serous and endome-
trioid irrespective of stage and strikingly high mortality rates for
carcinosarcoma and distant-stage mucinous and clear cell,
especially within two years after diagnosis. However, in multi-
variable analyses, both localized/regional and distant-stage
high-grade serous had higher mortality four or more years after
diagnosis in comparison with the other histotypes.

Previously published data on histotype-specific survival pat-
terns have been somewhat inconsistent and suffer from several
limitations. The majority of studies (6–9,12,31–36) were pub-
lished prior to the 2014 WHO guidelines and do not reflect the
current knowledge of EOC pathogenesis. Even a study published
in 2017 (13) examining racial and histologic differences in EOC
survival did not delineate between high- and low-grade serous.
Furthermore, histotype-specific survival estimates were not

Figure 1. Kaplan-Meier survival curves of invasive epithelial ovarian cancer survival by stage and histotype, 2004–2014, SEER 18 registries. A) Localized and regional-

stage disease. B) Distant-stage disease. Malignant Brenner tumors were excluded due to small sample size.
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always presented by disease stage, and as a result, it was
reported that women with serous carcinoma had worse out-
comes than mucinous and clear cell (6,7). Our study, along with
several others (9,31–34,36–38), observed markedly higher mor-
tality among distant-stage mucinous and clear cell; however,
the prior studies focused on specific subgroups of women with
EOC (eg, stage IV disease, clear cell only) and do not offer a com-
prehensive assessment of histotype by stage. Another limita-
tion of previous reports is the use of relative survival estimates
(7,8,13), which compare the observed survival of cancer patients
with the expected survival of a group of cancer-free individuals,
typically the general population. Utilizing the general popula-
tion is biased because the general population includes women
who have had an oophorectomy and are no longer at risk for
ovarian cancer.

Histotype-specific survival patterns are likely a result of dif-
ferences in tumor biology and treatment effectiveness by histo-
type. The recommended primary treatment for EOC is currently
cytoreductive surgery and a combination of platinum and
taxane-based chemotherapy (39). Late-stage mucinous and
clear cell often progress with platinum-based chemotherapy
(40–42). This is reflected in the survival curves for these histo-
types, where the mortality rate is particularly high in the two
years following diagnosis but eventually levels off and remains
constant. The dismal survival pattern for carcinosarcoma is
likely due to the aggressive clinical behavior of these neoplasms
and the lack of effective therapy (43). In comparison, an initial
responsiveness to firstline chemotherapy for high-grade serous

(41) and the more indolent nature of low-grade serous and
endometrioid is reflected in the gradual decline in survival a
few years after diagnosis.

Although the majority of women diagnosed with EOC die of
their disease, varying proportions survive more than 10 years
after diagnosis, depending on histotype and stage. Recent stud-
ies (44–47) have reported that several factors are suggestively
associated with long-term survival, including a younger age at
diagnosis, nonserous histotypes, early-stage disease, no gross
residual disease after cytoreductive surgery, absence of ascites,
and lower CA-125 levels. While our results show that women
with some of the nonserous histotypes are more likely to sur-
vive long-term than those with the high-grade serous subtype,
distant-stage mucinous, clear cell, and carcinosarcoma have
similar or worse 10-year survival estimates than distant-stage
high-grade serous. Thus, future investigations of characteristics
associated with long-term survival should be evaluated sepa-
rately by histotype and stage.

We observed a higher prevalence of early-stage low-grade
serous compared with other reports (15,48), which may be due
to a portion of these that would now be considered serous bor-
derline tumors. Furthermore, this histotype was only recently
introduced into the WHO guidelines, and we inferred it based
on reported grade. Thus, in our study, some low-grade serous
were likely missed as historically they may have been assigned
to grade 2. Nevertheless, the survival estimates are within the
expected range. Likewise, the proportion of mucinous carci-
noma is relatively high, and influx of misclassified metastatic

Table 3. One-year, five-year, and 10-year age-standardized overall survival estimates for invasive epithelial ovarian cancer by histotype and
stage, 2004–2014, SEER 18 registries

Overall survival (95% CI)

Stage Histotype No. 1-y 5-y 10-y

Localized High-grade serous 882 96.8 (94.7 to 98.0) 84.0 (80.4 to 87.0) 67.5 (61.4 to 72.8)
Low-grade serous 144 98.0 (92.0 to 99.5)* 93.2 (86.5 to 97.3) 90.4 (80.2 to 95.5)
Endometrioid 1275 96.9 (94.9 to 98.1) 87.1 (83.6 to 90.1) 72.5 (65.9 to 78.0)
Clear cell 929 96.6 (93.1 to 98.3) 81.7 (76.1 to 86.0) 71.3 (62.9 to 78.1)
Mucinous 1274 95.1 (92.5 to 96.8) 82.9 (78.6 to 86.3) 69.2 (61.6 to 75.6)
Carcinosarcoma 75 92.3 (82.4 to 96.7)† 70.7 (56.3 to 81.1)† 67.6 (52.5 to 78.9)†,‡
Malignant Brenner 42 95.9 (76.8 to 99.3)* 87.9 (70.3 to 95.4) 59.1 (31.9 to 78.5)‡

Regional High-grade serous 3057 93.7 (92.5 to 94.7) 67.7 (65.4 to 69.8) 48.8 (45.5 to 52.0)
Low-grade serous 186 98.6 (96.1 to 99.5) 82.7 (72.4 to 89.4) 71.2 (57.6 to 81.2)
Endometrioid 1177 97.5 (95.1 to 98.7) 83.9 (79.3 to 87.5) 68.4 (60.3 to 75.2)
Clear cell 1021 92.6 (89.4 to 94.9) 69.0 (63.1 to 74.1) 55.7 (46.9 to 63.7)
Mucinous 661 89.7 (85.7 to 92.7) 69.5 (63.5 to 74.7) 66.2 (60.3 to 71.5)
Carcinosarcoma 267 78.2 (72.2 to 83.0) 38.6 (32.0 to 45.1) 29.0 (22.4 to 35.9)
Malignant Brenner 19 100.0 (N/A) 55.8 (30.4 to 75.2) 49.3 (18.4 to 74.4)

Distant High-grade serous 13 898 84.3 (83.6 to 85.0) 32.1 (31.1 to 33.0) 15.0 (13.9 to 16.1)
Low-grade serous 378 90.3 (85.7 to 93.5) 54.2 (47.3 to 60.6) 37.3 (29.0 to 45.7)
Endometrioid 330 82.9 (76.8 to 87.5) 44.7 (37.3 to 51.9) 25.9 (18.1 to 34.4)
Clear cell 745 63.3 (58.5 to 67.6) 22.3 (18.2 to 26.8) 15.5 (12.0 to 19.4)‡
Mucinous 706 37.9 (33.9 to 41.8) 13.9 (11.2 to 16.8) 12.4 (9.5 to 15.6)‡
Carcinosarcoma 1039 60.0 (56.8 to 63.0) 15.9 (13.2 to 18.7) 8.7 (6.3 to 11.6)‡
Malignant Brenner 13 100.0 (N/A)‡ 28.9 (5.8 to 58.2)‡ §

*The width of the confidence interval is more than 25% larger than if the normal approximation was applied. Survival estimates were calculated using the actuarial

method, and 95% confidence intervals were calculated using the log(-log()) transformation. Age-standardized to the International Cancer Survival Standard 1—age

�15 years. CI ¼ confidence interval; SEER ¼ Surveillance, Epidemiology, and End Results.

†Even though the one-year and five-year age-standardized overall survival estimates for localized stage carcinosarcoma could be calculated, we present the crude one-

year and five-year overall survival estimates in the table for consistency with the 10-year overall crude survival estimates. The one-year age-standardized overall sur-

vival estimate is 92.3 (95% CI ¼ 81.3 to 97.0), and the five-year age-standardized overall survival estimate is 65.6 (95% CI ¼ 51.1 to 76.8).

‡Numbers were too small to calculate age-standardized rates, so crude overall survival estimates are presented.

§The statistic could not be calculated.
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gastrointestinal carcinomas is likely. However, Zaino, et al. (49)
showed no difference in survival between distant primary or
metastatic mucinous carcinoma.

We recognize that our study has some limitations. The pro-
portional hazards assumption was not met for distant disease
during the zero to one– and more than one to two–year time
periods, which may result in biased estimates. However, the ob-
served survival patterns were consistent across all analytic
approaches. Treatment data in SEER during the time period
studied are limited, with information only available for receipt
of surgery, and no data were available for chemotherapy or the
extent of residual disease after cytoreductive surgery. Moreover,
SEER does not have data on additional prognostic factors (eg,
smoking status, obesity), precluding our ability to evaluate con-
founding. We were unable to assess the impact of histotype on
progression-free survival, which is important for EOC consider-
ing that tumors will recur in approximately 70% of women with
advanced disease (50). The accuracy of cause of death on death
certificates may be questionable (51); however, a notably high
accuracy for EOC has been reported (52,53), suggesting that the
degree of bias in the present study is likely minimal. Also, histo-
type classification may not completely align with current
practice. Gilks et al. (54) identified that upon re-review, some
high-grade endometrioid were reclassified as high-grade se-
rous. We reduced the impact of this known problem by classify-
ing high-grade endometrioid as high-grade serous. We
acknowledge that a small group of true high-grade endome-
trioid do exist, but future studies with modern classification are
required to assess their behavior. The large numbers, particu-
larly for high-grade serous, also allow for robust results unlikely
to be confounded by misclassification. With the adoption of the
2014 WHO guidelines in clinical practice and improved diagnos-
tic reproducibility of histotype diagnosis among pathologists
(16,55), our data provide reference survival estimates to monitor
treatment success by histotype and stage.

In summary, our study was able to overcome considerable
limitations of previous work to provide survival patterns by his-
totype that reflect our current knowledge of EOC pathogenesis.
We observed substantial histotype-specific survival differences,
with a markedly high mortality rate among carcinosarcoma and
distant mucinous and clear cell a few years after diagnosis.
These findings underscore the need to develop therapeutics tar-
geting the unique molecular features of each histotype.
Recognizing that EOC represents several distinct disease pro-
cesses remains an important goal to reducing the mortality of
this deadly disease.
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