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Abstract: Steroid cell tumors (SCTs) of the ovary are rare and
understudied, and as such, uncertainties remain about their
malignant potential, as well as clinicopathologic predictors of
patient outcome. Based on a multi-institutional cohort of cases,
we present findings from the largest study of SCT reported to
date. Clinicopathologic data were documented on 115 cases of
SCT that were assembled from 17 institutions. The median pa-
tient age was 55 years (range: 9 to 84). When measured, pre-
operative androgen levels were elevated in 84.2% (48/57) of
patients. A total of 111 (96.5%) cases were classified as stage I
(103 stage IA; 2 stage IB; 6 stage IC). The stage distribution for
the remaining 4 patients was as follows: stage II (n = 1), III (n =
3; 1 IIIA, 1 IIIB, 1 IIIC). The median tumor size was 3 cm

(range: 0.2 to 22). Cytologic atypia, microscopic tumor necrosis,
microscopic tumor hemorrhage, and a mitotic index of > 1 mi-
totic figure/10 high-power fields were present in 52% (60/115),
9.6% (11/115), 37% (43/115), and 19% (22/115) of cases, re-
spectively. Of 115 patients, 7 (6.1%) recurred postexcision, 4
(3.5%) ultimately died of disease, and 10 (8.7%) either recurred,
died of disease, or were advanced stage at presentation. The
median duration to recurrence postresection was 33 months
(range: 23 to 180). Four of the 7 recurrences were stage IA at
baseline. Tumor size > 4 cm, International Federation of Gy-
necology and Obstetrics (FIGO) stage ≥ IB, tumor necrosis, and
tumor hemorrhage were each significantly associated with re-
duced recurrence-free survival in log-rank tests and univariable
Cox models, with age older than 65 years being of marginal
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significance (hazard ratio [HR]: 5.4, 95% CI: 1.0-30.0, P = 0.05).
Multivariable analyses suggested that FIGO stage ≥ IB
(HR: 27.5, 95% CI: 2.6-290.5), and age older than > 65 years
(HR: 21.8, 95% CI: 1.6-303.9) were the only parameters that
were independently associated with recurrence. Cross-section
analyses showed that tumor necrosis, tumor hemorrhage, and
larger tumor size were significantly associated with a FIGO stage
≥ IB status, which bolstered the conclusion that they are not
independent predictors of recurrence. In summary, < 10% of
SCTs are clinically malignant, a substantially lower frequency
than has previously been reported in the literature. Clin-
icopathologic predictors of patient outcomes that are pro-
spectively applicable in practice could not be definitively
established. Recurrences may occur many years (up to 15 y in
this study) after primary resection, even in stage IA cases.

Key Words: steroid cell tumor, ovary, steroid cell tumor not
otherwise specified, patient outcomes, prognosis, predictors.

(Am J Surg Pathol 2024;48:570–580)

The term “steroid cell tumor” (SCT) was first proposed
by Dr Robert E. Scully in 19791 to describe a group of

variably functional ovarian tumors whose relatedness and
histogenesis had been the subject of debate, and which
accordingly, had been described by a striking variety of
appellations, including ovoblastoma, masculinovo-
blastoma, sympatheticotropic tumor, hilus cell tumor,
androblastoma diffusum, arrhenoblastoma, Leydig cell
tumor (LCT), adrenal or adrenocortical tumor, adrenal
rest tumor, adrenal-like tumor, stromal luteoma, lipoid or
lipid cell tumor, virilizing or masculinizing lipoid/lipid cell
tumor, and hypernephroma/hypernephroid tumor.2–6 The
first edition of the World Health Organization (WHO)
classification of ovarian tumors, which was published in
1973, recognized “LCT” and “Lipid (lipoid) cell tumor”
as distinct entities, defining the former simply as “a tumor
composed entirely of Leydig cells” and the latter as “tu-
mors composed of cells that resemble Leydig, lutein and
adrenocortical cells, but cannot be identified specifically as
any one of the 3 types.”6 The nosologic framework that
was proposed by Scully1 in 1979 reflected the viewpoint
that this group of tumors is comprised of 3 clinicopatho-
logically distinguishable entities: (1) stromal luteoma, (2)
LCT, and (3) SCT not otherwise specified (NOS)78 with
the latter entity essentially being a diagnosis of exclusion
once a given tumor is identified as being of a “steroid cell”
type. Subsequent editions of the WHO classification have
adopted this framework and nomenclature in full or slight
variation.9–12 However, starting with the fourth edition,
stromal luteoma ceased to be recognized as a distinct en-
tity, and “SCT” became the preferred diagnostic term for
tumors that had previously been designated “SCT NOS,”
as well as stromal luteoma.11,12

SCTs of the ovary are notably rare: the seminal
series of 63 cases by Hayes and Scully,13 which was pub-
lished in 1987, remains the largest study to date. A more
recent review of the English literature, which excluded the

Hayes and Scully13 cases, found only 95 reported
examples.14 The rarity of SCTs has been an impediment to
contemporary studies of their clinicopathologic features,
and as such, uncertainties still remain about their malig-
nant potential several decades after their initial recog-
nition. The purpose of the current study is to review, based
on a multi-institutional cohort of cases, the clinicopatho-
logic features of SCT, with an emphasis on their frequency
of adverse patient outcomes and possible clinicopatho-
logic predictors of those outcomes.

MATERIALS AND METHODS

Study Cohort: Case Selection
The study cases were assembled from the files of 17

institutions and were selected by practitioners with sub-
specialty interest, training, and/or experience in gyneco-
logic pathology. Contributors were asked to review
consecutive cases in their files with an archived diagnosis
of SCT NOS and to contribute data on cases that met the
contemporary definition of SCT, that is, “an ovarian pa-
renchymal tumor composed of steroid cells”12 and whose
features do not meet the diagnostic criteria for LCT or
other entities.6,9–12 All available tumor-related slides were
reviewed for each patient by the contributing pathologist
at each site, as were the relevant electronic medical re-
cords. The information collected for each patient, as well
as the format in which they were collected, are outlined in
Table 1. For a subset of patients, information on some
clinicopathologic variables was unavailable for a variety
of reasons, including inadequately detailed gross
descriptions or patient loss to follow-up, among others.
Only patients with follow-up information were studied.
No ancillary diagnostic or confirmatory studies were
performed in the context of the study.

Statistical Analyses
Cross-sectional analyses at baseline were performed

among pathologic variables using χ2 or Fisher exact tests.
Kaplan-Meier failure functions were estimated by patho-
logic and clinical characteristics, and tested by log-rank
tests. For each patient characteristic, a Cox proportional
hazards model was fitted, with follow-up months in the
study as the timescale. Measures of associations were re-
ported as hazard ratios (HRs) with 95% CIs. Individual
associations of all patient characteristics were first assessed
in univariable Cox proportional hazard models. Factors
yielding statistically significant univariable associations
with outcomes of interest and variables postulated in the
literature to be related to the prognosis of patients were
included in multivariable models to yield adjusted esti-
mates of HRs. Violations of the proportional hazards
assumption were explored by testing for a zero slope in the
scaled Schoenfeld residuals and also by testing time-in-
teraction covariates for the statistical significance of the
models. Two-sided P values < 0.05 were considered sta-
tistically significant for all analyses. All statistical analyses
were performed using Stata/SE version 17 (StataCorp).
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RESULTS

Clinicopathologic Features of the Cohort
(n = 115)
General Features

Overall, tumors from 115 patients were assessed,
which represented the subset, 80.4%, of an initial cohort of
143 cases with available clinical follow-up information
and/or death from disease and/or a baseline advanced-
stage status. The 115 cases comprised 103 (89.6%) routine
and 14 (10.4%) consultation/referral cases. Clinicopatho-
logic features for the cohort are detailed below:

Clinical Features
The median patient age was 55 years (mean: 49.9;

range: 9 to 84). Respectively, 26, 52, and 37 patients were
< 35, 35 to 65, and > 65 years old at initial diagnosis. For
most patients (58/115, 50.4%), preoperative androgen
levels were not measured or the information was not

available. Of the 57 patients with available information on
any androgen (testosterone, free testosterone, dehy-
droepiandrosterone sulfate, delta 4 androstenedione, etc),
48 (84.2%) had elevated levels. Of the 39 patients with
available information specifically on testosterone, 32
(82%) had elevated levels, with 7, 10, and 22 patients
displaying normal (15 to 70 ng/dL), elevated (71 to 335
ng/dL), significantly elevated (> 335 ng/dL) preoperative
testosterone levels respectively. Clinical presentations were
widely variable. The primary surgical management for
most patients (106/115, 92%) included unilateral or bi-
lateral oophorectomies, with only 7 (6%) that were man-
aged by a cystectomy or tumor excision only. Pelvic/
peritoneum, omentum, and lymph node sampling were
performed in only 13 (11%), 22 (25%), and 13 (11%) pa-
tients, respectively. A total of 49 (42%) patients had con-
current hysterectomies, and from this group, an
endometrial carcinoma was identified in 5 (10.2%). Of the
115 cases, 111 (96.5%) were classified as stage I (103 stage
IA; 2 stage IB; 6 stage IC). The stage distribution for the

TABLE 1. Clinicopathologic Parameters That Were Studied
Parameter Description, categories

Case type Consultation (pathologist-to-pathologist), referral (institution-to-institution), or routine
Slides Number of tumor-related slides per case that were reviewed
Patient age Patient age at primary diagnosis (y)
Hormone level Serum or urine levels of any androgens, estrogens, or other hormone; normalized
Procedures performed Specific procedures that were performed as a part of primary tumoral management
Tumor size Greatest dimension of tumor; largest tumor size for multifocal tumors
Stage Stage at baseline, using the 2014 FIGO criteria for ovarian cancer staging15

Extraovarian sites Specific anatomic sites involved (for advanced-stage cases at primary diagnosis)
Adjuvant treatments Any therapies that were administered after primary surgical management, classified as one of the following: (1) no

adjuvant therapies, (2) chemotherapy, (3) radiotherapy, (4) chemotherapy and radiotherapy, and (5) unknown
Recurrences Any recurrences after primary management, number of recurrences, duration between completion of primary

management and any recurrences in months, and specific sites of recurrences
Final outcome Last known patient status, classified as one of the following: (1) no evidence of disease, (2) alive with disease, (3)

dead of disease, and (4) unknown/lost to follow-up/recent. Duration to the final outcome in months is also
documented

Macroscopic features Well-circumscribed or poorly defined, gross necrosis present or absent, gross hemorrhage present or absent, gross
consistency is solid versus cystic versus solid and cystic

Cytologic atypia Atypia was defined as zones or clusters of cells that show nuclear derangements that are clearly demarcated from
(ie, higher than) the background (Fig. 2D, E). An isolated “atypical” cell in an otherwise cytologically bland
background is ignored (Fig. 2F). The aforementioned “derangements” include moderate to severe pleomorphism
(defined as a 2 to 3-fold or greater variation in nuclear size and shape), typically accompanied by
hyperchromasia, and irregular nuclear membranes. Nucleolomegaly in and of itself is insufficient to define
atypia. (

1) G1: mostly monomorphic nuclei throughout a rare and isolated cell with enlarged or “bizarre type” nuclei in an
otherwise G1 tumor is ignored. (

2) G2: atypia in confluent zones that constitute < 10% of tumors. (
3) G3: atypia is present in 10% to 50% of tumors. (
4) G4: atypia is present in > 50% of tumors

Tumor necrosis (microscopic) Zones of confluent cellular devitalization (Fig. 1C), classified as one of the following: (1) absent, (2) focally present
(involves < 10% of tumor), and (3) extensive (involves ≥ 10% of tumor)

Tumor hemorrhage (microscopic) Intratumoral interstitial blood with at least focal organization and which is not clearly procedure-related (Fig. 1D),
classified as one of the following: (1) absent, (2) focally present (involves < 10% of tumor), (3) extensive (involves
≥ 10% of tumor)

Mitotic index Number of unequivocal mitotic figures per 10 high-power microscopic fields (HPF) of the tumor
Hypercellularity Hypercellularity, defined as zones of markedly increased cellularity relative to background or a “typical” tumor

(Fig. 1B), classified as one of the following: (1) absent, (2) focally present (involves < 10% of tumor), and (3)
extensive (involves ≥ 10% of tumor)

Cellular composition Description of tumoral cellular cytoplasmic appearances, classified as a tumor composed predominantly of (1) cells
with eosinophilic cytoplasm (Fig. 2B, C), (2) cells with clear and/or vacuolated cytoplasm (Fig. 2C), and (3)
approximately equal admixtures of both of the above cell types

FIGO indicates International Federation of Gynecology and Obstetrics; HPF, high power fields.
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remaining 4 patients was as follows: stage II (n = 1), III
(n = 3; 1 IIIA, 1 IIIB, 1 IIIC). For the 6 stage IC patients,
4 were classified as IC2 (ovarian surface involvement and/
or pre-surgical capsular rupture) and 2 as IC3 (peritoneal
cytology positive for tumor cells). Only 2 (2%) of the 115
patients had bilateral tumors, and in both, the tumors
were similarly sized. One hundred (88%) patients received
no adjuvant therapy after primary surgical excision,
whereas 4 patients received either chemotherapy, radia-
tion therapy, or hormonal therapy. The adjuvant therapy
status for the remaining 11 patients was unknown.

Gross Features
In 88 (90.7%) of the 97 cases wherein information on

tumoral circumscription was available, the tumors were
described as well-circumscribed. Tumoral cut surfaces
were described as solid, cystic, and solid to cystic in 84
(73%), 6 (5%), and 12 (10%) cases, respectively. Figure 1A
shows a typical tumor with well-defined borders and a
mostly solid, lobulated, tan to yellow cut surface. The
median tumor size was 3 cm (range: 0.2 to 22;
interquartile range: 4.9 cm), with 60 (62%) of tumors
being ≤ 3 cm in greatest dimension, and 55 (48%) being

> 3 cm. Five tumors were < 1 cm and all of the latter
were International Federation of Gynecology and
Obstetrics (FIGO) stage IA at baseline. Tumor necrosis
and tumor hemorrhage were reportedly grossly present in
4 (3%) and 24 (21%) cases, respectively.

Microscopic Features
A median of 3 slides per patient was reviewed at the

various contributing sites (range: 1 to 28). Selected mor-
phologic features are pictured in Figures 1 and 2.
Morphologic features of the cohort were reportedly
consistent with the known profile of the tumor,13

without any cases being mixed with another non-SCT
histotype, displaying overtly sarcomatoid features or any
evidence of morphologically discernible dedifferentiation.
The tumors characteristically displayed sheets and/or nests
of polygonal cells with mostly voluminous cytoplasm.
Twenty-two (19%) tumors showed admixtures of cells with
clear and eosinophilic cytoplasm, whereas 69 (60%) and 23
(20%) tumors were comprised predominantly of cells with
eosinophilic and vacuolated/clear cytoplasm respectively
(Fig. 2B). Most tumors showed a low mitotic index
(median mitotic index: < 1/10 high power fields [HPF];

FIGURE 1. Selected pathologic features of SCTs of the ovary. A, Macroscopic appearance of a typical tumor with well-defined
borders and a mostly solid, lobulated, tan to yellow cut surface. B, Zone of hypercellularity (lower right) and normocellularity
(upper left). C, Tumoral necrosis. D, Tumoral hemorrhage. SCT indicates steroid cell tumor.
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FIGURE 2. Selected pathologic features of SCTs of the ovary. A, Tumoral borders are encapsulated but predominantly well-defined.
B, Tumor cells comprised of cells with eosinophilic (lower left) to clear/vacuolated (upper right) cytoplasm. C, Cytologically bland
nuclei, as compared with tumors with cytologic atypia (D and E). An otherwise cytologically bland tumor that showed rare isolated
cells with nuclear enlargement was classified as G1 (F). Per study criteria, nucleolomegaly in and of itself was an insufficient basis to
classify a tumor as displaying atypia (F). SCT indicates steroid cell tumor.
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TABLE 2. Clinicopathologic Features for Patients That Recurred During Their Follow-up Period
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Age (y) 77 76 61 72 68 30 29
Presurgical androgen level Unknown Unknown Unknown Unknown Unknown Elevated Elevated
Procedures performed THBSO BSO USO, lymph node excision,

omentectomy
THBSO THBSO USO, lymph node excision TH; tumor resection

FIGO stage IIIA IC IC IA IA IA IA
Adjuvant therapy No No No No No No Yes (chemotherapy)
Tumor size (cm) 22 5.2 9 3.5 10.5 Unknown 6.6
Tumor necrosis
(microscopic)

Absent Focal Absent Absent Extensive Absent Absent

Tumor hemorrhage
(microscopic)

Focal Focal Focal Focal Extensive Extensive Absent

Mitoses/10 HPF < 1 0 3 5 < 1 1 1
Hypercellularity Absent Extensive Absent Focal Absent Extensive Extensive
Cytoplasm Eosinophilic Eosinophilic Mixed Eosinophilic Mixed Mixed Mixed
Atypia G2 G4 G2 G2 G1 G3 G1
Lymphovascular invasion Absent Absent Absent Absent Absent Absent Absent
Tumor border Circumscribed Circumscribed Circumscribed Poorly defined Circumscribed Poorly defined Circumscribed
Tumor necrosis
(macroscopic)

No No Yes No No No No

Tumoral cut surface Solid Solid to cystic Solid Solid Solid Solid to cystic Solid
Months to recurrence 33 27 81.6 112 23 180 24
Sites of recurrence Liver, abdomen

NOS
Liver, rib Liver Pelvis, abdomen,

omentum
Pelvis, omentum Retroperitoneum, lymph

nodes
Retroperitoneum, pelvis

Death during follow-up Yes No No Yes Yes No No
Duration to final outcome
(mo)

45 84 166 114 205 210 324

BSO indicates bilateral salpingo-oophorectomy; FIGO, International Federation of Gynecology and Obstetrics; HPF, high power fields; NOS, not otherwise specified; TH, total hysterectomy; THBSO, total
hysterectomy bilateral salpingo-oophorectomy; USO, unilateral salpingo-oophorectomy.
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range: 0 to 19), with 93 (81%) cases showing ≤ 1 mitotic
figure (MF)/10 HPF. Of tumors, 48% (55/115) displayed
minimal cytologic atypia (G1) as defined in Table 1 (ie,
mostly monomorphic nuclei throughout, with a rare and
isolated cell with enlarged or “bizarre type” nuclei in an
otherwise G1 tumor being ignored). Twenty-eight (24%),
24 (21%), and 8 (7%) tumors were classified as G2, G3 and
G4, respectively. Hypercellularity, defined as zones of
markedly increased cellularity relative to the background
of the same tumor or a “typical” tumor (Fig. 1B) was
reportedly absent, focally present, and extensively present
in 48 (42%), 32 (28%), and 35 (30%) cases, respectively.
Microscopically, tumor necrosis (Fig. 1C) was absent,
focally present, and extensively present in 104 (90.4%), 6
(5.2%), and 5 (4.4%) cases, respectively. Tumor
hemorrhage (Fig. 1D) was absent, focally present, and
extensively present in 72 (63%), 31 (27%), and 12 (10%),
respectively.

Follow-up After Surgical Resection and Final Patient
Outcomes

The median follow-up duration was 37 months
(range: 3 to 324), with 70 (61%) patients having a follow-up
duration of 3 years or greater. Seven patients experienced at
least one recurrence during the follow-up period. The me-
dian duration to recurrence was 33 months (range: 23 to
180). Sites of recurrence included the liver, rib, lymph no-
des, retroperitoneum, omentum, pelvis, and abdomen
NOS. Clinicopathologic information for the patients that

recurred is outlined in Table 2. Four patients died of disease
at follow-up (after follow-up durations of 2.7, 45, 205, and
210 mo); of these, 3 recurred at least once before death.

Analysis of Possible Clinicopathologic Predictors of
Recurrence

First, we assessed whether, in the whole cohort,
cross-section analyses found any associations between
clinicopathologic variables and a particular FIGO stage.
Among the evaluable study variables that are listed in
Table 1, the following were significantly associated with a
FIGO stage ≥ IB status at primary diagnosis: (1) larger
tumor size (at any size cutoff between 3 cm and 8 cm, P
= 0.001), (2) presence of microscopic tumor necrosis (P <
0.001), (3) presence of microscopic tumor hemorrhage (P
= 0.001), (4) mitotic index (> 1 MF/10 HPF vs ≤ 1; P =
0.004), and (5) various combinations of these variables
(Supplemental Table 1, Supplemental Digital Content 1,
http://links.lww.com/PAS/B771). All other variables did
not display any similar associations. Kaplan-Meier failure
functions were estimated by pathologic and clinical char-
acteristics, and tested by log-rank tests (Fig. 3). In these
analyses, patient age older than 65 years (vs ≤ 65, P =
0.03), FIGO stage ≥ IB (vs FIGO stage IA, P = 0.001),
tumor size > 4 cm (vs ≤ 4 cm, P = 0.002), presence of
gross and/or microscopic tumor necrosis (P = 0.005), and
presence of gross and/or microscopic tumor hemorrhage
(P = 0.01) were the only variables that were significantly
associated with decreased recurrence-free survival (Fig. 3).

FIGURE 3. Kaplan-Meier survival curves for recurrence-free survival. Variables that were associated with reduced recurrence-free
survival on Log-rank tests. FIGO indicates International Federation of Gynecology and Obstetrics.
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Table 3 lists clinicopathologic variables whose association
with recurrences were assessed using Cox proportional
hazard models. Unadjusted (univariable) analyses showed
that tumor size > 4 cm (vs ≤ 4 cm), FIGO stage ≥ IB (vs
FIGO stage IA), the presence of microscopic tumor
necrosis, gross necrosis, and microscopic tumor
hemorrhage were significantly associated with
comparatively increased recurrence rates. Age older than
65 years was of marginal significance in its association
with recurrence on univariate analyses (HR: 5.4, 95% CI:
1.0 to 30.0, P = 0.05). None of the other parameters that
were evaluated were associated with recurrence on
univariate analyses. Adjusted (multivariable) analyses
suggested that FIGO stage ≥ IB (HR: 27.5, 95% CI: 2.6-
290.5, P = 0.001), and age older than 65 years (HR: 21.8,
95% CI: 1.6-303.9, P = 0.02) were the only parameters
that were independently associated with recurrence. Thus,

since the variables that seemed to be associated with
recurrence on unadjusted analyses (tumor size,
microscopic necrosis, microscopic hemorrhage) were also
associated with FIGO stage ≥ IB status, their significance
as independent predictors of recurrence is limited or at
minimum, unclear, especially in stage IA cases.
Supplemental Table 2 (Supplemental Digital Content 2,
http://links.lww.com/PAS/B772) lists the frequencies with
which various combinations of features were identified.
We further assessed whether any combinations were as-
sociated with recurrence-free survival, an analysis that was
limited by the small cohort sizes and which precluded
ascertaining the significance of a negative result. None-
theless, tumor necrosis + poorly defined tumor borders
were associated with recurrence on univariable (HR: 7.3,
95% CI: 1.6-32.9, P = 0.01), as well as multivariable
(HR: 9.8, 95% CI: 2.0-49.2, P = 0.005) analyses and

TABLE 3. Analysis of the Significance of Any Univariable Relationships Between Selected Clinicopathologic Variables and
Recurrence-free Survival, Using Cox Proportional Hazard Models
Select characteristics Subcategories n (%)* Unadjusted HR (95% CI) P

Age at diagnosis (y) ≤ 65 78 (67) Reference 0.05
> 65 37 (33) 5.4 (1.0-30.0) —

Tumor stage (FIGO) IA 103 (90) Reference 0.007
IB or above 12 (10) 9.2 (1.8-46.0) —

Tumor stage (FIGO) I 111 (96) Reference 0.14
II or above 4 (4) 5.2 (0.6-46.0) —

—
Pelvic lymph node assessed No 100 (87) Reference 0.3

Yes 13 (11) 2.4 (0.4-13.5) —
Omentum assessed No 88 (76) Reference 0.9

Yes 25 (22) 0.8 (0.1-7.0) —
Pelvic/peritoneal sampling No 100 (87) Reference 0.4

Yes 13 (11) 2.1 (0.4-11.8) —
Tumor size (cm)† ≤ 4† 71 (62) Reference 0.01

> 4† 44 (38) 14.9 (1.7-129.4) —
Tumor necrosis, gross Absent 104 (90) Reference 0.03

Present 4 (3) 12.2 (1.3-115.4) —
Tumor necrosis, microscopic Absent 104 (90.4) Reference 0.02

Present 11 (9.6) 7.9 (1.4-43.2) —
Tumor hemorrhage, gross Absent 84 (73) Reference 0.2

Present 24 (21) 2.7 (0.6-12.1) —
Tumor hemorrhage, microscopic Absent 72 (63) Reference 0.04

Present 43 (38) 9.1 (1.1-76.2) —
Tumor gross consistency Solid 84 (73) Reference NA

Cystic 6 (5) NA —
Solid to cystic 12 (10) 3.6 (0.7-19.2) —

Mitoses in tumor (per 10 HPF)‡ ≤ 1 93 (81) Reference 0.4
> 1 22 (19) 2.0 (0.4-11.0)

Presence of cellular atypia in tumor‡ No 55 (48) Reference 0.8
Yes 50 (52) 1.2 (0.2-6.3) —

Hypercellularity in tumor No 48 (42) Reference —
Focal (< 10% of tumor) 32 (28) 0.8 (0.1-8.0) 0.8
Extensive (≥ 10% of tumor) 35 (30) 1.6 (0.3-7.9) 0.6

Predominant tumoral cytoplasmic features Eosinophilic 69 (60) NCM NCM
Vacuolated/clear cytoplasm 23 (20) — —
Admixtures of both 22 (19) — —

Tumor border Well-circumscribed 88 (76) Reference 0.4
Poorly defined 9 (8) 2.0 (0.4-10.6) —

Bold P values are statistically significant.
*Column percentage may not add up to 100% due to cases with missing data (Table 1).
†While tumor size > 2 cm is shown to be associated with worse survival through log-rank statistics, Cox models do not converge with tumor size categorization with

cutoffs < 4 cm.
‡Different cutoffs of tumor mitotic activity or cellular atypia do not yield significant differences in associations with survival outcomes.
FIGO indicates International Federation of Gynecology and Obstetrics; HPF, high power fields; HR, hazard ratio; NA, not applicable; NCM, non-coverging model.
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tumor necrosis (> 1 MF/10 HPF) were associated with
recurrence only on univariate analysis (HR: 7.3, 95% CI:
1.6-32.9, P = 0.018). Both combinations likely reflect the
dominant effect of necrosis, but ultimately, the limited
sample sizes precluded robust and sufficiently powered
statistical analysis to ascertain that the predictive value of
the association is valid.

Disease-specific Overall Survival Analyses
As there were only 4 deaths in the cohort, an analysis

of disease-specific survival and clinicopathologic pre-
dictors of death from disease could not be optimally per-
formed. Three of the 4 deaths were preceded by at least
one recurrence.

Morphologic Features of the Centrally Reviewed
Cohort (n = 91)

Ninety-one (79%) of the tumors were available for
central review by 2 authors. The 91 cases originated from
12 of the 17 contributing institutions and included 74
(81%) cases wherein glass slides were reviewed and 17
(19%) cases wherein only scanned whole slide images
were reviewed. A median of 1 tumor-associated slide per
patient was reviewed (range: 1 to 6 slides). Morphologic
features of the centrally reviewed cohort (n = 91) were
generally consistent with the known profile of the tumor
and the frequencies of the various features for the larger
115 case data set. We specifically assessed for features
that have been associated with LCTs (zones of nuclear
clearing, Reinke crystals, fibrinoid necrosis of vessels,
degenerative pseudovascular spaces, zones of nuclear
clustering, and background hilus cell hyperplasia), and
these were not identified, with the exception of a single
case that displayed focal fibrinoid necrosis. None of the
tumors showed sarcomatoid features or an admixture
with another tumor type. The raw concordance rates
between central and contributing interpretations were as
follows for selected morphologic features: tumor ne-
crosis, present versus absent (100%), tumor hemorrhage,
present versus absent (92%: 84/91), cytologic atypia, at
G1 versus G2, G3 or G4 (89%: 81/91), hypercellularity,
present versus absent (88%: 80/91), and mitotic index
(74%: 67/91).

DISCUSSION
Uncertainties about the malignant potential of SCT

may result in tremendous challenges in the management of
individual patients. It has historically been unclear what
the precise magnitude of that malignant potential is,
whether pathologic parameters are predictive of adverse
outcomes, and whether adjuvant therapeutic measures
should be proactively administered to mitigate the possi-
bility of recurrences or death from disease, even in appa-
rently early-stage disease. In this study, findings from an
analysis of the largest series of SCTs reported to date are
presented, with an emphasis on their malignant potential.
Three key findings are highlighted.

First, the frequency with which SCT demonstrates
any evidence of malignant potential (tumor recurrences,

tumor-associated deaths, and extrapelvic extension
a priori) was found to be significantly lower than has
previously been reported in the literature.13,14 In our co-
hort, 6.1% (7/115) of patients with follow-up information
recurred, 3.5% (4/115) ultimately died of disease, and 8.7%
(10/115) either recurred, died of disease, or were advanced
stage at presentation. These findings indicate that < 10%
of SCTs are clinically malignant. The most frequently
quoted prior study on the malignant potential of SCT is
the series of Hayes and Scully.13 In that series, 50 of 63
studied patients had adequate follow-up. The majority of
tumors were classified as “probably benign” or “possibly
benign” based on the absence of demonstrable tumor
spread beyond the ovary ≥ 3 years postoperatively for the
“probably benign” group and 1 to < 3 years post-
operatively for the “possibly benign” group.13 For the
remaining 18 patients, which represented 36% of those
with follow-up, their tumors were thought to be clinically
malignant, including 14 patients that ultimately died of
their disease.13 The latter group appears to be the basis for
the conventional wisdom—one that is reiterated in all re-
cent editions of the WHO classification of ovarian
tumors9–12—that approximately one-third of SCTs of the
ovary are clinically malignant. This figure has also prob-
ably appeared in numerous pathology reports worldwide
over the past several decades, as pathologists sought to
provide some insight into the malignant potential of in-
dividual tumors that they diagnosed. However, the
aforementioned study is not optimal for assessing the
percentage of SCTs that are clinically malignant in routine
practice, as most (94%) of the 63 cases in the studied co-
hort were consultation cases, and as such, likely over-
represented tumors with problematic clinicopathologic
profiles and/or adverse patient outcomes.13 A 2022 sys-
tematic review of the literature (56 patients, reported as
isolated case reports or small series) found disease re-
currence or progression in no more than 18% of cases,14

even with all the biases and limitations that are inherent to
such analyses.16 Our cohort, only 10.4% of which were
consultations or referrals, provides additional, and argu-
ably more accurate information on the frequency of clin-
ical malignancy for cases that are diagnosed in the
“routine” setting. Parenthetically, among the 10 patients
in our cohort whose tumors were advanced stage at
baseline and/or that experienced recurrences or death at
follow-up, 3 (30%) were consults/referrals and the re-
maining 7 (70%) were routine. Our findings are generally
consistent with those that were recently reported by
Mendoza et al,17 who found recurrences in 3 (14%) of
21 SCTs.

Second, the prediction of patient outcomes from
tumoral and other clinicopathologic factors proved to be
difficult. Univariable analyses, using either log-rank tests
or unadjusted Cox proportional models, showed several
parameters to be significantly associated with increased
recurrences, including tumor size, FIGO stage ≥ IB (vs
FIGO stage IA), age older than 65 years, the presence of
tumor necrosis, and the presence of tumor hemorrhage.
However, age older than 65 years and FIGO stage (spe-
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cifically FIGO stage IB and above) were the only pa-
rameters that were also demonstrably associated with re-
currences on multivariable analyses in Cox proportional
hazard models. Cross-section analyses showed that tumor
necrosis, tumor hemorrhage, and tumor size were sig-
nificantly associated with a FIGO stage ≥ IB status, which
bolstered the conclusion that they are not independent
predictors of recurrence and that their significance in stage
IA tumors, which represent almost 90% of cases, is un-
clear. Notably, if the 4 adverse features that were sig-
nificantly associated with recurrences or disease-specific
death in any of the aforementioned analyses (ie, age > 65
y, tumor size > 4 cm, microscopic tumor hemorrhage,
and microscopic tumor necrosis) are considered as a
group, none of the 8 patients that ultimately recurred and/
or died lacked all features. The 8 patients had a median of
2.5 of these adverse features (range: 1 to 4). However, 41
(38%) of the remaining 107 patients also had at least one
adverse feature (median: 1.3, range: 1 to 3). Similarly,
although statistical analyses for significance were not re-
ported, Hayes and Scully13 found some tumoral features
(hereafter “atypical features”) to be more frequent in their
“probably malignant” group, resulting in the authors’
conclusion that these displayed the “best pathologic cor-
relates of malignant behavior”. The aforementioned
“correlates” included 2 or more MFs per 10 HPF, ne-
crosis, a tumoral diameter of ≥ 7 cm, hemorrhage, and
grade 2 or 3 nuclear atypia.13 However, in an analysis of
25 tumors (21 SCTs and 4 LCTs), Mendoza et al17 found
that at least 1 atypical feature was present in 63% of SCT/
LCTs, although only malignant SCT/LCTs demonstrated
4 or 5 atypical features. If the Hayes and Scully13 criteria
were directly applied to our data set, the frequencies of
atypical features in the 8 patients that either recurred or
died of disease were as follows: 2 or more MFs per 10
HPF (3/8, 37.5%), gross and/or microscopic necrosis (4/8,
50%), a tumor diameter of ≥ 7 cm (3/8, 37.5%), gross and/
or microscopic hemorrhage (7/8, 87.5%), and presence of
atypia (≥G2; 5/8, 62.5%). The median number of atypical
features was 3, with 1, 1, 5, and 1 case(s) showing 0, 5, 3,
and 2 atypical features, respectively. Among the remain-
ing 107 patients without recurrences or death from disease,
comparable frequencies were as follows: 2 or more MFs
per 10 HPF (11/107, 10.2%), gross and/or microscopic
tumor necrosis (7/107, 6.5%), a tumor diameter of ≥ 7 cm
(28/107, 26.2%), gross and/or microscopic tumor hemor-
rhage (82/107, 77%), and presence of atypia (≥G2) (55/
107, 51.4%). In this group, 77% of cases displayed at least
one atypical feature (median of 1 feature), with only 4/107
cases showing ≥ 3 features, and no case showing 5 fea-
tures. Overall, the findings suggest that with a large
enough data set, pathologic predictors of outcome may
ultimately be definable, with some cases being classifiable
as probably benign, probably malignant, or of uncertain
malignant potential based on their clinicopathologic fea-
tures. However, at present time, the negative and positive
predictive values of individual adverse features, or com-
binations thereof, are inadequate for prospective applica-
tion to individual cases to predict their outcomes,

especially in FIGO stage IA cases, which represent the
majority of all cases.

Third, we affirm the previously reported finding that
recurrences may occur many years after resection, even in
apparently localized tumors. Three (43%) of the 7 patients
that recurred did so > 6 (and up to 15) years after primary
tumor resection, and 2 of these 3 were initially FIGO
staged as IA. Hayes and Scully13 made a similar ob-
servation in their study, wherein the authors found that
recurrences may occur up to 19 years after primary re-
section. These findings further highlight the somewhat
unpredictable nature of SCT, the necessity for long-term
follow-up, and the difficulties that exist in conclusively
declaring any tumor to be benign at baseline.

There are some limitations to the current analysis,
which in their totality, restrict the breadth of the con-
clusions that can be drawn. First, as an exemplar of the
abstruse group of uncommon tumors that are also un-
commonly malignant, our cohort of SCTs had a few cases
with outcomes on which a robust predictive analysis could
be based. Second and relatedly, our cohort was assembled
from the files of 17 institutions in 2 continents, and as such,
likely harbor some intrinsic heterogeneity that in turn, ne-
cessitates caution in evaluating the significance of any one
parameter, including those related to malignant potential,
across the entire cohort. Indeed, in our 17 institutional
subcohorts, the frequency of having any of 3 key outcomes
—recurrence, death, or extrapelvic extension, ranged from
0% to 10%. Third, it remains unclear whether all possible
clinicopathologic variables that are associated with out-
comes have been studied or have been optimally studied.
The variables that were studied herein were those that have
been the subject of previous analyses, as well as those that
we considered to be plausibly predictive of outcomes.
Quantitative cutoffs for the subcategorization of selected
variables were established to facilitate easy applicability of
any criteria that may have resulted from the study, but
ultimately, those cutoffs were arbitrary. Furthermore, the
absence of central review in appproximately 21% of the
cohort likely introduced some heterogeneity in the assign-
ment of pathologic features for a subset of cases. Another
potentially significant consideration is that changes over
time in the definitions of the various diagnostic categories in
the SCT family may influence the overall malignancy rate
of the entity that is currently classified as SCTs. Specifically,
if cases that were previously categorized as stromal luteoma
(generally thought to be benign entity) are now categorized
as SCT, then the overall malignancy rate of the latter will be
expected to decrease. In our cohort, this was unlikely to be a
significant factor, given that only 5 tumors were < 1 cm,
only one of the centrally reviewed cohorts was entirely
surrounded by ovarian cortex, and degenerative pseudo-
vascular spaces, as is typical in a subset of “stromal luteo-
ma,” were not seen in any of our cases. Finally, our
endpoints for defining clinical malignancy necessarily only
included cases with manifest malignancy, and do not ad-
dress biologically malignant tumors that happen to be
FIGO stage IA at baseline, and which were not associated
with recurrence and death of disease during the follow-up
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duration. Some of the aforementioned limitations are
somewhat mitigated by the large size of the cohort; none-
theless, our findings should be viewed within the context of
these limitations.

In summary, in this multicenter clinicopathologic
analysis of 115 SCTs of the ovary, we found the frequency
of adverse outcomes to be significantly lower than has
previously been reported in the literature. Clinicopatho-
logic predictors of patient outcomes that are prospectively
applicable in practice could not be definitively established,
which is likely attributable, at least in part, to the afore-
mentioned infrequency of adverse outcomes. The data
suggests that age older than 65 years and FIGO stage ≥ IB
status were each independently associated with reduced
recurrence-free survival on multivariate analysis. Some
pathologic features were associated with recurrence on
univariate analyses, but most were significantly associated
with a FIGO stage ≥ IB status, and the significance of
these features if present in a FIGO stage IA case is un-
clear. Finally, we found that recurrences may occur many
years after primary surgical resection, including in patients
whose disease were thought to be localized a priori.

REFERENCES
1. Scully RE. Tumors of the ovary and maldeveloped gonads. Atlas of

tumor pathology 2nd edn. Washington DC: Armed Forces Institute
of Pathology; 1979: 215–220.

2. Brass P, King WB, Krepp MW Jr. Lipoid-cell tumor of the ovary.
Rep Case Obstet Gynecol. 1963;21:201–205.

3. Taylor HB, Norris HJ. Lipid cell tumors of the ovary. Cancer. 1967;
20:1953–1962.

4. Barzilai G. Atlas of Ovarian Tumors. 1st edn. New York: Crune &
Stratton; 1943.

5. Pedowitz P, Pomerance W. Adrenal-like tumors of the ovary. Review
of the literature and report of two new cases. Obstet Gynecol. 1962;
19:183–194.

6. Serov SF, Scully RE in collaboration with L. H. Sobin and
pathologists in ten countries. World Health Organization. Histo-
logical typing of ovarian tumours. 1973. Accessed July 27, 2023:
https://apps.who.int/iris/handle/10665/41529.

7. Berger L. Tumeur des cellules sympathicotropes de l’ovaire avec
virilisation. Un nouveau syndrome anatomo-clinique, Rev Canad.
Biol. 1942;1:539–566.

8. Scully RE. Stromal luteoma of the ovary. A distinctive type of lipoid-
cell tumor. Cancer. 1964;17:769.

9. Scully RE. Histological typing of ovarian tumours. World Health
Organization International Histological Classification of Tumours,
2nd edn. Springer; 1999.

10. Tavassoli FA, Devilee P.World Health Organization Classification of
Tumours: Pathology and Genetics of Tumours of the Breast and
Female Genital Organs. 3rd edn. IARC, Lyon. 2003.

11. Kurman RJ, Carcangiu ML, Herrington CS, et al. WHO Classi-
fication of Tumours of the Female Reproductive Organs. 4th edn
IARC Press, Lyon. 2014.

12. WHO Classification of Tumours Editorial Board. Female genital
tumors. Lyon (France): IARC: 2020 (WHO Classification of
tumours series, 5th edn; vol 4).

13. Hayes MC, Scully RE. Ovarian steroid cell tumors (not otherwise
specified). A clinicopathological analysis of 63 cases. Am J Surg
Pathol. 1987;11:835–845.

14. Lin M, Bao K, Lu L, et al. Ovarian steroid cell tumors, not otherwise
specified: analysis of nine cases with a literature review. BMC Endocr
Disord. 2022;22:265.

15. Prat J. FIGO Committee on Gynecologic Oncology. Staging
classification for cancer of the ovary, fallopian tube, and peritoneum.
Int J Gynaecol Obstet. 2014;124:1–5.

16. Nissen T, Wynn R. The clinical case report: a review of its merits and
limitations. BMC Res Notes. 2014;7:264.

17. Mendoza RP, Wang P, Smith HL, et al. Clinicopathologic analysis
and molecular profiling of ovarian steroid cell tumors. Am J Surg
Pathol. 2023;47:1398–1408.

Fadare et al Am J Surg Pathol � Volume 48, Number 5, May 2024

580 | www.ajsp.com Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2024 Wolters Kluwer Health, Inc. All rights reserved.


