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Abstract
Acid ceramidase (ASAH1) is a key player in sphingolipid metabolism and signaling. It has prognostic value for several cancers, but
histotype-specific analyses of ovarian cancer are not yet available.We used three retrospective TMA cohorts encompassing a total of
1106 ovarian cancers with follow-up data for immunohistochemical analysis of acid ceramidase (ASAH1) expression. Patients with
sub-optimal debulking and persistent residual tumor after surgery introduced bias in the prognostic analysis and were excluded from
further studies. Overall, we detected an association of ASAH1 expression with better prognosis in ovarian cancer patients. ASAH1
expression differed between histological ovarian cancer histotypes with most frequent expression in endometrioid and clear cell
ovarian cancer, which are both associated with good prognosis. Stratified subgroup analyses within these histotypes did not reveal
significant survival differences, but the power of the analysis may be limited by smaller sample sizes. In contrast to breast cancer, we
found only a modest concordance between estrogen receptor status and ASAH1 expression within the endometrioid ovarian cancer
histotype. In an exploratory analysis of estrogen receptor negative endometrioid ovarian cancer, ASAH1 expression was associated
with significantly better overall survival (P = 0.007). Acid ceramidase is most frequently expressed in endometrioid and clear cell
histotypes and could add independent prognostic value to estrogen receptor in endometrioid ovarian cancer. Modulating
sphingolipid metabolism may lead to novel therapeutic intervention strategies for this disease.
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Introduction

Ovarian cancer (OC) is among the most frequent cancers of
women and accounts for an estimated 22,240 new cases
and 14,070 deaths in the USA (2018) [1]. There are five
main histotypes of epithelial ovarian carcinoma [2]. These
histotypes comprise high-grade serous, endometrioid, clear
cell, mucinous carcinoma, and low-grade serous, of which
high-grade serous carcinoma is the most common [3].
Findings support the assumption that besides the cells cov-
ering the ovaries [2, 3], the fallopian tubes could also be a
site of origin of serous ovarian cancer [4–6], whereas
endometrioid and clear cell tumors may originate from
endometriotic lesions [4, 7]. The differences between ovar-
ian tumor histotypes suggest that they describe biologically
distinct malignancies, which has also important implica-
tions for biomarker analyses. Studies have shown that
combining all histopathological subtypes in corresponding
analyses obscured the prognostic value of the biomarkers
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[8]. Thus, it is crucial to perform separate analyses by
histotype to decipher the prognostic value [9, 10].

Acid ceramidase (ASAH1) is a key player in
sphingolipid metabolism and signaling [11]. ASAH1
converts ceramide into sphingosine thereby altering the
“sphingolipid rheostat” which governs apoptosis and pro-
liferation of cancer cells [11]. ASAH1 expression has a
positive prognostic value in several cancer types includ-
ing ovarian cancer [12–15], but distinct subtypes within
these cancer types differ in their ASAH1 expression
which can confound analyses.

Therefore, in the current study we used a large cohort of
1106 ovarian cancer cases of different histotypes to validate
and study in more detail the potential prognostic value of
ASAH1 in ovarian cancer.

Materials and methods

All analyses in this study were performed according to
the “REporting recommendations for tumour MARKer
prognostic studies” (REMARK) (Supplementary Fig.
S1) [16]. Three large ovarian cancer cohorts (OOU n =
540, OOUE n = 250, VOA n = 316) were applied to val-
idate the prognostic effect of ASAH1 expression by im-
munohistochemistry. Details of these population-based
ovarian cancer cohorts from British Columbia with
long-term follow-up data have been described before
[8, 17–19]. OOU and OOUE cohorts were treated at
the British Columbia Cancer Agency (BCCA) with tu-
mor samples derived from > 20 hospitals. The VOA co-
hort consists of samples from the Vancouver General
Hospital Tissue Bank. In this study, the eligibility was
a diagnosis of chemotherapy naïve ovarian carcinoma
with either optimal surgical debulking (OOU and
VOA) or macroscopic residual tumor after primary sur-
gery (OOUE). Clinical follow-up data was collected
through the Cheryl Brown Ovarian Cancer Outcomes
Unit as an ovarian cancer database of the BCCA for
all three patient cohorts, and approval for the study
was obtained from the Research Ethics Board of the
University of British Columbia. All samples underwent
contemporary gynecopathological review including pre-
dictions of an IHC-based Calculator of Ovarian
Carcinoma Subtype (COSP) [19] and a tissue microarray
(TMA) was available through earlier studies. Paraffin
sections of TMAs were dewaxed in xylene and
rehydrated to water through a graduated ethanol series.
For antigen retrieval, sections were incubated for 20 min
in a microwave oven (800 W) using EDTA buffer
(10 mmol/L; pH 8.0). Sections were incubated with a
monoclonal anti-ASAH1 antibody (Biozol Diagnostica,
Germany; cat. no. H00000427-M01, Clone2C9) at a

1:100 dilution for 1 h at room temperature. For second-
ary antibody incubation, the Dako REAL Detection
System Alkaline Phosphatase (Dako, Denmark) was ap-
plied, following the instructions of the vendor. Sections
were counterstained with hematoxylin. Staining intensity
was assigned semiquantitatively as negative/weak or
moderate/strong dichotomizing the sample cohort into
low or high ASAH1 expression (Fig. 1). Estrogen recep-
tor (ER) expression was obtained from a previous study
[8]. All assessments were made blinded with respect to
clinical patient data. RNA expression of ASAH1 through
Affymetrix U133A microarray data were analyzed as
previously described [14, 20]. Progression-free survival
(PFS) and overall survival (OS) were used as outcome
variables (n = 1106). Follow-up data for patients in
whom the envisaged end point was not reached were
censored as of the last follow-up date or at 120 months.
Kaplan Meier analysis and log-rank test were performed
overall and separately in subcohorts, stratified by effi-
ciency of debulking, and histological subtypes. Chi-
square test was used for comparing cohort characteris-
tics. All P values are two-sided and P = 0.05 was con-
sidered as significant. All analyses were performed in
SPSS Statistics Version 25 (IBM Corp.).

Results

ASAH1 expression as prognostic factor among 1106
ovarian cancer samples

We used three large ovarian cancer cohorts with long-term
follow-up data that have been described before to validate
the prognostic effect of ASAH1 expression by immuno-
histochemistry (Table 1): The “Ovarian outcome unit”
(OOU) cohort consisting of 540 ovarian cancers with op-
timal debulking (“BC-NoRes”) [8, 17], the “Ovarian out-
come unit extreme risk “(OOUE) cohort of 250 cases all
with residual tumor after surgery (“BC-Res”) [17], and the
VOA cohort of 316 cases with both optimal and sub-
optimal debulking. The clinical parameters of these three
cohorts differed significantly. One important reason for
this fact is the selection of cases according to debulking
in the OOU and OOUE cohorts. A further effect of this
sampling strategy is the lower frequency of cases with
higher stages in the OOU cohort as compared to OOUE
and VOA. Also the relative frequency of non-HGSC
histotypes is increased in OOU as has been reported be-
fore [8]. Strong ASAH1 expression was seen overall in
55.5% of the samples with a higher frequency in the OOU
cohort (60.4%) compared to the VOA (56.6%) and OOUE
(41.2%) cohorts (Table 1). As shown in Fig. 2, overall
ASAH1 expression is associated with a better prognosis
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in ovarian cancer patients. This effect was detected both
in the OOU (Fig. 2a, b) and in the VOA cohort (Fig.
2c, d), but not in the OOUE cohort (Fig. 2e, f), which

consists solely of patients with sub-optimal debulking
and persistent residual tumor after surgery. In addition,
further study of the VOA cohort, which contains samples

Fig. 1 Acid ceramidase
(ASAH1) staining of ovarian
cancer tissue. Representative
examples ovarian cancer tissues
with high (a, c, e, g) and low (b, d,
f, h) ASAH1 expression are
shown. Counterstain: Mayer
hematoxylin (blue) A + B: serous
OC, C +D: endometrioid OC,
E + F: mucinous OC, G +H: clear
cell OC

Virchows Arch (2020) 476:855–862 857



with both optimal as well as sub-optimal debulking, dem-
onstrated a prognostic effect of ASAH1 only in those
patients with optimal debulking and no residual tumor
after surgery (PFS, P = 0.062, Supplementary Fig. S2).
Thus, a strong bias is introduced in the analysis if patients
with and without residual tumor after surgery are analyzed
together, and we decided to restrict all further analyses to
patients with optimal debulking. Moreover, we have pre-
viously shown a strong relationship between ASAH1 and
estrogen receptor (ER) status in breast cancer [12]. Only
for the samples from the OOU cohort the ER status was
available from a previous study [8]. Therefore, we fo-
cused on these 540 samples with optimal debulking in
all subsequent analyses (Supplementary Fig. S1).

Analysis of ASAH1 in tumors with optimal debulking
according to histotype

We next studied potential differences in ASAH1 expres-
sion between histotypes of ovarian cancer in the OOU
cohort (Table 2). We found that strong ASAH1 expression
was most frequent in endometrioid subtype (79.8%) and
clear cell ovarian cancer (83.1%), and less frequent in
mucinous subtype (62.9%), high grade serous ovarian
cancer (34.9%), and other (52.8%) histological subtypes
(P < 0.001). We verified these differences in ASAH1 ex-
pression between histotypes on the level of mRNA ex-
pression by using Affymetrix microarray data, where the
strongest expression of ASAH1 was in clear cell and
endometrioid histotypes (Supplementary Fig. S3).

The observed differences of ASAH1 expression between
the histological types could have a confounding effect, for
example histotypes with higher ASAH1 expression also tend
to be enriched for lower stage cancers and it is well recognized
that each histotype has distinct biology, risk factors, response
to therapy, and overall outcomes (Supplementary Fig. S4).
Accordingly, while we observed a better outcome across our
cohort associated with ASAH1 expression (Fig. 2), this was
confounded by the distribution of expression across
histotypes. We therefore analyzed ASAH1 expression and
prognosis in a histotype-specific analysis (Supplementary
Fig. S5).

Across histotypes we found that ASAH1 was associat-
ed with considerably better overall survival in the mucin-
ous histotype. However, we were unable to detect a sim-
ilar trend for progression-free survival with our limited
sample size. In contrast, we detected an opposite effect
in HGSC with reduced overall survival correlated to
ASAH1 expression resulting in reduced OS (P = 0.016,
Supplementary Fig. S5).

Relationship between ASAH1 and estrogen receptor

In breast cancer, ASAH1 expression is associated with ER
positivity and “luminal” subtypes [12–14]. In ovarian can-
cer, ER is most frequently expressed in the endometrioid
and HGSC subtypes (in ≈ 80% of cases), with a prognos-
tic value only in the endometrioid histotype [9, 21]. In our
moderately sized cohort, we observed similar, yet statisti-
cally non-significant effects among endometrioid tumors

Table 1 Clinical parameters of the analyzed cohorts

TMA cohort

Parameter OOU/BC-No Res (n = 540) OOUE/BC-Res (n = 250) VOA (n = 316) Total (n = 1106) P value

Debulking Optimal 540 (100%) 0 (0%) 119 (37.7%) 659 (59.6%)

Sub-optimal 0 (0%) 250 (100%) 197 (62.3%) 447 (40.4%) P < 0.001

Age < 50 years 157 29.1%) 41 (16.4%) 82 (25.9%) 280 (25.3%)

≥ 50 years 383 (70.9%) 209 (83.6%) 234 (74.1%) 826 (74.7%) P = 0.001

Stage I 221 (40.9%) 1 (0.4%) 65 (21.7%) 287 (26.4%)

II 232 (43.0%) 16 (6.5%) 21 (7.0%) 269 (24.7%)

III 87 (16.1%) 207 (83.5%) 184 (61.3%) 478 (43.9%)

IV 0 (0%) 24 (9.7%) 30 (10.0%) 54 (5.0%) P < 0.001

Histotype Endometrioid 192 (23.9%) n.a. 25 (8.5%) 154 (18.5%)

Mucinous 35 (6.5%) n.a. 8 (2.7%) 43 (5.2%)

Clear cell 130 (24.1%) n.a. 29 (9.8%) 159 (19.1%)

HGSC 209 (38.8%) n.a. 201 (68.1%) 410 (49.2%)

Other 36 (6.7%) n.a. 32 (10.8%) 86 (8.2%) P < 0.001

ASAH1 expression Low 214 (39.6%) 147 (58.8%) 137 (43.4%) 498 (45.0%)

High 326 (60.4%) 103 (41.2%) 179 (56.6%) 608 (55.5%) P < 0.001

n.a. not available

Virchows Arch (2020) 476:855–862858



(Supplementary Fig. S6). However, considerably larger
cohorts have clearly demonstrated that ER is highly prog-
nostic especially in the endometrioid subtype [9].

We compared ER and ASAH1 expression among 487
samples for which data for both markers and the histolog-
ical subtype were available (Table 3). Overall, we

a OOU b OOU
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O
S

c VOA d VOA

P
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O
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e OOUE f OOUE
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O
S

11

high ASAH1 (n=326)

low ASAH1 (n= )

8 27

high ASAH1 (n=179)

low ASAH1 (n=137)

98 178

high ASAH1 (n=103)

low ASAH1 (n= )

Fig. 2 Overall prognostic effect of ASAH1 expression in cohorts differing in tumor debulking. Kaplan-Meier analyses of progression-free survival (a, c,
e) and overall survival (b, d, f) according to ASAH1 expression among all patients in the three different cohorts OOU (a, b), VOA (c, d), andOOUE (e, f)
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detected a slight negative association (P < 0.001), which
was mainly driven by the subtype of HGSC (P = 0.081),
while some positive association was observed within the
endometrioid subtype (P = 0.100; Table 3).

We saw only a modest agreement between ER and
ASAH1 expression within the endometrioid subtype;
therefore, in an exploratory analysis, we tested whether
both factors added independent prognostic value.
Prognostic value of ASHA1 was assessed in endometrioid
ovarian cancers that were either ER positive or ER nega-
tive (Fig. 3). ASAH1 did not add prognostic value in ER-
positive endometrioid OC, and most samples expressed
both markers (Fig. 3a, b). In contrast, in endometrioid
OC that lacks ER expression (Fig. 3c, d), ASAH1 had a
highly significant prognostic value for overall survival
even within this small subgroup (P = 0.007; Fig. 3d). We
also performed a similar analysis vice versa: This demon-
strated that ER also has a prognostic value only in those
endometr io id OCs that do not express ASAH1
(Supplementary Fig. S7). These results suggest that both
biomarkers could add independent value for prognosis of
endometrioid OC.

Discussion

In the present work, we analyzed the expression of acid
ceramidase (ASAH1) in a cohort of 1106 ovarian cancer
patients. While our overall observation was that of better
prognosis, we found that this result was confounded by
both residual disease and multi-histotype analysis,
underscoring the importance of considering these factors
in molecular studies. Analysis of histotype-specific
ASAH1 expression demonstrated most frequent expres-
sion in endometrioid and clear cell ovarian cancer
(Table 2), which may in part contribute to our overall
results on prognosis. Histotype-stratified analyses of
ASAH1 did not reveal significant survival differences
(Supplementary Fig. S5). However, this may be due to
small sample sizes, in fact, despite previous analysis
showing prognostic value for ER in endometrioid carci-
nomas [9], our subset was insufficient to show this as a
significant difference.

Previous data from breast cancers have demonstrated an
association of ASAH1 and ER positivity [12–14]; however,
we found only a modest association between ER and ASAH1
expression within the endometrioid ovarian cancer subtype
(Table 3). In an exploratory analysis among ER-negative
endometrioid OC, we found that strong ASAH1 expression
was associated with significantly better overall survival (P =
0.007; Fig. 3d).

Strengths of our study includes the overall large cohort,
centralized histological review and quality control by
study pathologists with expertise in gynecological can-
cers, the centralized IHC in TMA format, and biomarker
scoring blinded to clinical data. Another strength of our
study is the absence of patients with either residual dis-
ease or neoadjuvant chemotherapy as this may affect

Table 2 ASAH1 expression among histological subtypes

Histotype Low ASAH1 High ASAH1 Total

Endometrioid OC 26 (20.2%) 103 (79.8%) 129

Mucinous OC 13 (37.1%) 22 (62.9%) 35

Clear cell OC 22 (16.9%) 108 (83.1%) 130

High-grade serous OC 136 (65.1%) 73 (34.9%) 209

Other 17 (47.2%) 19 (52.8%) 36

Total 214 (39.7%) 325 (60.3%) 539

Table 3 Correlation of ASAH1 and ER expression

Histotype ER status Low ASAH1 High ASAH1 Total P value

Endometrioid OC Negative 9 (33.3%) 18 (66.7%) 27

Positive 15 (16.7%) 75 (83.3%) 90 0.100

Mucinous OC Negative 12 (41.4%) 17 (58.6%) 29

Positive 1 (33.3%) 2 (66.7%) 3 1.00

Clear cell OC Negative 18 (15.8%) 96 (84.2%) 114

Positive 1 (10.0%) 9 (90.0%) 10 1.00

High-grade serous OC Negative 26 (54.2%) 22 (45.8%) 48

Positive 107 (69.0%) 48 (31.0%) 155 0.081

Other Negative 1 (33.3%) 2 (66.7%) 3

Positive 1 (12.5%) 7 (87.5%) 8 0.49

Total Negative 66 (29.9%) 155 (70.1%) 221

Positive 125 (47.0%) 141 (53.0%) 266 < 0.001
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morphology and prognosis [22–24]. Limitations include
the retrospective design: clinical information was retro-
spectively obtained from medical records. Because most
patients received some type of adjuvant therapy, we can-
not discriminate pure prognostic and potential predictive
value of these biomarkers. Further, despite the use of a
large overall cohort, our histotype-stratified analysis was
often too small to obtain robust results, especially in less-
frequent histotypes. Nonetheless, the associations we have
described, especially those related to ER-negative
endometrioid carcinoma, warrant additional study and
validation.

In conclusion, we demonstrate that strong ASAH1 ex-
pression in ovarian cancer is preferentially associated with
the clear cell and endometrioid subtypes. High ASAH1
expression was associated with a better prognosis in ER-
negative endometrioid ovarian cancer and could add inde-
pendent prognostic value, which may help to further indi-
vidualize prognostic classifiers for ovarian cancer. Our
results also suggest that modulating sphingolipid

metabolism could lead to novel therapeutic intervention
strategies for this disease [11].
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Supplementary Figure S1: Diagram of the analytical strategy and the flow of patients through the 


study according to REMARK criteria 


n=1106 ovarian cancer samples from 3 TMA cohorts (Table 1): 


 OOU (n=540)


 OOUE (n=250)


 VOA (n=316)


Prognostic value of ASAH1 depending on cohort. 


Effect of including samples with sub-optimal debulking. 


(Figure 1, Supplementary Figures S2) 


Restricted analysis of samples with optimal debulking 


Cohort OOU (n=540) 


Differences of ASAH1 expression between histological 


subtypes and effects on prognosis. 


(Table 2, Supplementary Figures S4, S5, S6) 


Relationship between ASAH1 and estrogen receptor. 


(Table 3, Figure 2, Supplementary Figure S7) 
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Supplementary Figure S2: Prognostic value of ASAH1 expression according to optimal debulking in the VOA cohort.
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Supplementary Figure S3: ASAH1 mRNA expression in different histological subtypes of ovarian cancer.
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Supplementary Figure S4: Prognostic value of  histotypes in ovarian cancer (OOU cohort).
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Supplementary Figure S5: Prognostic value of  ASAH1 within individual histotypes of ovarian cancer (OOU cohort).
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Supplementary Figure S6: Prognostic value of  estrogen receptor within individual histotypes of ovarian cancer (OOU cohort).
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Supplementary Figure S7:  Prognostic value of ER expression in endometrioid ovarian cancer stratified by ASAH1 status.











