
Abstract. Background/Aim: Ovarian cancer (OVCA) is
characterized by genomic/molecular intra-patient heterogeneity
(IPH). Tissue histology and morphological features are
surrogates of the underlying genomic/molecular contexture. We
assessed the morphological IPH of OVCA tumor compartments
and of lymphocytic infiltrates in multiple matched samples per
patient. Materials and Methods: We examined 294 hematoxylin
& eosin (H&E) OVCA tumor whole sections from 70 treatment-
naïve patients who had undergone cytoreductive surgery. We
assessed morphological subtypes as immunoreactive (IR), solid
– proliferative (SD), papilloglandular (PG), and mesenchymal
transition (MT); subtype load per patient; stromal tumor-
infiltrating lymphocyte (sTIL) density as average per sample;
and, as maximal sTIL values (max-TILs) among all samples per
patient, ovaries and implants. Results: Among all 294 tumor
sections, the most frequent primary morphological subtype was
PG (n=150, 51.0%), followed by MT (71, 24.1%), SD (48,

16.3%) and IR (15, 5.1%). Subtype combinations were observed
in 67/294 sections (22.8%) and IPH in 48/70 patients (68.6%).
PG prevailed in ovaries (p<0.001), SD and MT in implants
(p=0.023 and p<0.001, respectively). sTILs were higher in SD
compared to non-SD (p=0.019) and lower in PG, respectively
(p<0.001). sTIL density was higher in implants than in ovaries
(p<0.001). Higher max-TILs were associated with stage IV
disease (p=0.043), upper abdominal dissemination (p=0.024),
endometrioid histology (p=0.013), and grade 3 tumors
(p=0.021). Favorable prognosticators were higher max-TILs
per patient (PFS, OS) and higher SD-load (PFS). Conclusion:
Clinically relevant morphological and host immune-response
IPH appear to be the norm in OVCA. This may complicate
efforts to decipher sensitivity of the tumor to certain treatment
modalities from a single pre-operative biopsy.

Pathologic diagnosis of epithelial ovarian cancer (OVCA) takes
into account the different origin, pathogenesis and prognosis of
major histologic types with minimal or no consideration of the
biological characteristics of the tumors (1, 2). OVCA histological
types are considered for patient management, while genetic
counselling and tumor genotyping with particular emphasis on
BRCA1/2, homologous recombination and mismatch repair
deficiency were only recently recommended for maintenance
treatment options (3, 4). OVCA is not among the first 10 causes
of cancer-related morbidity but it ranks fifth with respect to
cancer-related mortality (5, 6), necessitating improvement at all
steps of patient management and a deeper understanding of
tumor biology.
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Molecular/genomic tumor and host related characteristics
have dominated OVCA research for years. OVCA are classified
into four molecular subtypes; namely as immunoreactive,
differentiated, proliferative and mesenchymal (7), which partially
overlap (8, 9) with the earlier described molecular classification
of OVCA (10). Although most studies agree that the
mesenchymal subtype confers worse prognosis, reproducibility
of this classification (11, 12) and of its clinical relevance (12,
13) seems to depend on sample purity and on the employed
classifiers/ gene sets; as well as on the intrinsic molecular
heterogeneity of OVCA (7, 14). 

The high mortality of OVCA is partly due to late diagnosis
(6). At this advanced stage, clonal evolution and expansion
have occurred (15, 16), which explains the widely reported
intra-tumoral/intra-patient heterogeneity at the genomic (16-
20) and transcriptomic level (7, 9) with only an estimated 25%
of potentially “pure” molecular subtypes at diagnosis (12).
Intra-patient OVCA heterogeneity has been demonstrated at
different levels, including tumor microenvironment and
immune cell infiltrates within the same site and among disease
dissemination sites (9, 21, 22). The challenge remains to use
the above knowledge on the biological subtypes and
heterogeneity in a clinically meaningful way (12). 

To this aim, morphological surrogates for the molecular
subtypes have been introduced, taking into account tissue
architectural patterns, stromal contexture and amount of
immune infiltrates (23). In this classification, patients with the
morphological mesenchymal subtype had the worse prognosis. 

In the present study, we interrogated histological patterns in
multiple matched primary and metastatic tumor sites in a series
of patients with OVCA who underwent primary cytoreductive
surgery and were subsequently treated with platinum-based
chemotherapy. We used routine hematoxylin and eosin (H&E)
sections and analyzed histological patterns along with available
biological parameters, including previously published
genotypes for the cohort (20). Given the extensive molecular
heterogeneity of OVCA, we hypothesized that the entire
surgical specimen may contain diverse histological patterns of
the tumor and its microenvironment and that this may affect
the clinical outcome. 

Materials and Methods

Patients and tissues. We retrospectively analyzed biological material
from 70 OVCA patients who were diagnosed over a period of 10 years
(2004-2013), underwent cytoreductive surgery, and received standard
paclitaxel-carboplatin chemotherapy at the Department of Medical
Oncology, Papageorgiou Hospital, Faculty of Medicine, Aristotle
University of Thessaloniki (AUTH), Thessaloniki, Greece. Following
signed informed consent and study approval by the AUTH Bioethics
Committee (Approval #79/10.6.2014) and by the Papageorgiou
Hospital Institutional Review Board (193rd Meeting decision,
15.1.2014), formalin-fixed paraffin-embedded (FFPE) tissue blocks
from the resected tumors were obtained from the Pathology

Department. Detailed patient demographic, clinicopathological,
treatment and outcome data were retrieved from the Hellenic
Cooperative Oncology Group (HeCOG) data office. Germline status
and tumor genotyping results for the same patient cohort were
previously reported (20). We assessed 294 unique H&E whole sections
from an equivalent number of FFPE blocks containing tumor tissue
for pathological and biological characteristics at the Laboratory of
Molecular Oncology (MOL; Hellenic Foundation for Cancer
Research/HeCOG/AUTH).

Histological tumor tissue assessment. One representative H&E slide
from each block was reviewed by S.L., blinded to patient
characteristics. Tumors were classified into four morphological
subtypes, immunoreactive (IR), solid – proliferative (SD),
papilloglandular (PG), and mesenchymal transition (MT), using a
modified version of the previously described algorithm (23). IR
tumors displayed smooth borders and extensive lymphocytic
infiltration covering >60% of the intra- and peri-tumoral stroma. SD
tumors were characterized by marked nuclear anaplasia and
extensive (solid) epithelial outgrowth with little amount of stroma.
PG consisted of well-defined papillary or glandular architecture.
Finally, MT were characterized by destructive invasion consisting
of compressed or angulated papillary/glandular or trabecular
epithelial nests embedded in prominent desmoplastic stroma, with
occasional foci of single cell invasion or spindle-cell forms. All
observed subtypes were recorded per whole tumor section, provided
that each subtype occupied ≥10% of the tumor area. 

Stromal tumor-infiltrating lymphocytes (sTIL density or sTILs)
were assessed based on Salgado et al. (24) as the percentage of the
intra- and peri-tumoral stroma area occupied by small, round
mononuclear cells including plasma cells. The slides were initially
screened at low magnification to select representative areas both at
the tumor core and at the invasive margin, which were subsequently
evaluated in more detail at 200×/400× magnification. An average
TIL estimate across the entire tumor area was reached by assessing
2-10 high power fields.   

Description of the examined histological characteristics is
provided in representative examples of morphological subtypes and
sTIL density in Figure 1A-E. Areas with remarkable stromal
lymphocytic infiltration but with an irregular tumor-host interface
were assigned into MT, PG or SD, depending on the
stroma/epithelial ratio and the configuration of the epithelial nests.

Biological parameters. Immunohistochemistry for Ki67 was applied
with the MIB1 antibody on tissue microarray sections, containing
2×1.5 mm cores from each tumor tissue block. Ki67 was evaluated
in tumor cells (average percentage of positive nuclei in the two
cores per sample) and in stromal cells (maximal percentage between
the two cores). Data for genes with pathogenic mutations per
sample, as well as available germline data were retrieved from the
previously published dataset (20).
Statistical analysis. The basic morpho – biological parameters
evaluated in this study and their distribution with respect to tumor
sample origin (ovaries/intra-abdominal implants) are shown in
Figure 1F. Among the examined 294 tumor sections, 37.1% derived
from ovaries and 62.9% were implants. One to eight samples were
available for the examined patients, 4.2 on average. Study variables
were (a) analyzed for individual samples and for matched samples
per patient; (b) evaluated per patient for all matched samples (case)
and separately in the ovaries and implants.
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The presence of the morphological subtypes was assessed on each
section separately as a categorical variable (yes/no); percentage
(load) of the occupied area within the same section (continuous
variable); average load among matched samples from the same case
(subtype load, continuous); and high/low load dichotomized at the
median value (categorical). Intra-tissue heterogeneity was considered
if one subtype was represented in ≥10% of the total tumor area on
the whole section. Intra-patient heterogeneity reflected the presence
of multiple subtypes among samples of the same patient. 

sTILs were assessed per section and per morphological subtype in
sections with co-existing subtypes. Both maximal and average values
were calculated in heterogeneous cases separately for ovaries and
implants and at the patient level. The Euclidean distance of sample sTIL
values was also calculated per case in order to approach heterogeneity
of sTILs among tumor tissues from matched multiple sites.  

All numerical variables were analyzed as continuous but were
also dichotomized at the median value (high/low) for the
presentation of outcome estimates. Biological significance was
considered for Spearman’s correlation coefficients (rho values) >0.5.
Statistical significance was set at 5%. For this study, follow-up was
updated in December 2019. Progression-free (PFS) and overall (OS)
survival were considered from the date of treatment initiation until

event (progression or death) or last contact. Probability of survival
was assessed with the Kaplan-Meier method and the log-rank test
was used for comparisons between groups. Hazard ratios for OS and
PFS were obtained by univariate Cox regression models. We also
classified response to platinum chemotherapy based on the interval
between the dates of last platinum-based chemotherapy and disease
progression as previously described (25). Response categories were:
refractory – platinum-resistant (progression within 6 months);
intermediate sensitivity (6-<12 months); platinum-sensitive (≥12
months); super responders were considered if high-grade (grade 2
and 3) and event free for >60 months. All tests were two-sided. SAS
v.9.3 and JMP v.11 (SAS Institute Inc., Cary, NC, USA) were used
for statistical analysis.

Results

Patient demographic and clinicopathological characteristics are
shown in Table I. 54 (77.1%) patients had stage III disease; 43
out of 52 (82.7%) patients had serous while 8 out of 14 had
endometrioid carcinomas and 1 out of 4 with mucinous
carcinomas had bilateral ovarian manifestation. Out of 11
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Figure 1. Morpho - biological parameters assessed in this study. Α-E. Examples of morphological subtype patterns on whole sections. A:
Immunoreactive subtype in the omentum, with 80% stromal tumor-infiltrating lymphocytes (sTILs) and a smooth border (green asterisks); these
tumors were reminiscent of the medullary histological subtype of breast cancer B: Solid subtype) in a peritoneal implant, with marked nuclear
anaplasia and 20% sTILs C: Papilloglandular subtype in a peritoneal implant, with comedo-like necrosis and <1% TIL area in the surrounding
stroma. D: Mesenchymal transition subtype in the, ovary, with 20% sTILs, E: ovarian tumor with the immunoreactive subtype (left) and mesenchymal
transition subtype (right). All scale bars (green) at 100μm. F. Outline of studied parameters. The distribution of examined tumors per patient is
shown in the bar chart on the top; the distribution of examined tumor samples with respect to ovarian or implant origin for each parameter is
shown in the columns on the right.



germline mutation carriers, 8 had inherited a pathogenic variant
of BRCA1 and one each of BRCA2, CHEK2 and BLM. 

Morphological and biological characteristics in individual
OVCA samples. Among all 294 whole tumor sections, the
most common primary morphological subtype was PG
(n=150, 51.0%), followed by MT (71, 24.1%), SD (48,
16.3%) and IR (15, 5.1%). Heterogeneous tumors with
secondary subtypes in the same section were identified in
67/294 sections (22.8%). The distribution of single and co-
existing morphological subtypes is shown in Figure 2A.
Intra-tissue heterogeneity significantly concerned SD and
MT subtypes (Fisher’s exact p-Values <0.0001). Out of 113
samples with MT, 63 (55.8%) displayed a second subtype

pattern; in 62 of these, MT coexisted with SD or PG. The IR
subtype coexisted with a second subtype in 4/18 tumors
(22.2%). SD and PG subtypes were never observed on the
same tumor section. Subtypes showed site-of-origin
specificity; PG prevailed in the ovaries, while SD and MT
in implants (Figure 2B). However, these patterns concerned
homogeneous tissues only; heterogeneous tissues were
equally present in ovaries and implants. 

sTIL density was assessed in 269 samples (median=10%;
IQR=5-20%; min-max=0-90%), was higher in implants than in
ovaries (median=10% vs. 5%, Wilcoxon rank-sum p=0.002),
and was subtype-specific; it was positively associated with SD
and inversely with PG (Figure 2C). In subtype-heterogeneous
sections, sTIL density was biased towards the subtype
occupying the larger area. Samples with the IR subtype were
excluded from these comparisons. With respect to the site-of-
origin, PG showed lower sTILs in ovaries (Wilcoxon rank-sum
p<0.001) and implants (p=0.004) compared to non-PG; the MT
subtype was associated with lower sTILs (p=0.003) in implants. 

As expected, OVCA malignant cells had a high Ki67
index (268 assessable samples, median=50%; IQR=25-75%;
min-max=10-100%) that did not differ with respect to
sample origin. Ki67 was low in tumors with PG, and high in
tumors with SD, compared to tumors without these subtypes
(Figure 2D), although the latter did not reach statistical
significance. The pattern of lower Ki67 in PG was only
observed in the ovaries (p=0.005) but not in implants;
similarly, MT was associated with higher Ki67 (p=0.016) in
the ovaries only. Stromal Ki67 was assessed in 235 samples
and was found uniformly low among tumors (median=5%,
IQR=5-10%, min-max=0-72%). Higher stromal Ki67 was
observed in the lymphocyte-rich IR and in SD samples
(Figure 2E); this feature was retained for SD in both ovaries
(p=0.014) and implants (p=0.034).

We also compared previously published sample genotypes
(20) with morphological subtypes, sTILs and Ki67 in 251
samples, 214 of which (85.4%) carried at least one pathogenic
mutation. Samples with SD frequently had pathogenic
mutations in any homologous recombination repair (HRR)
gene, while TP53 mutations prevailed among samples with MT;
intra-tissue heterogeneity was strongly associated with TP53
mutations and inversely with mutations in genes of the PI3K
pathway (Figure 2F). TP53 mutations were also associated with
higher Ki67 labeling (Wilcoxon rank-sum p=0.024).

Intra-patient heterogeneity (IPH) of morphological subtypes
and sTIL density. The distribution of morphological subtypes
and sTIL values in matched samples per patient are shown
in Figure 3A. The 67 samples with intra-tissue heterogeneity
were distributed in 35 patients (50% of the cohort). Apart
from varying within one tissue section, tumor morphological
subtypes varied extensively among samples obtained from
different sites of the same patient. IPH was informative in
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Table I. Description of selected clinicopathological parameters.

                                                        Overall N         Median (min, max)
 

Age                                                         70                 59.5 (31.0, 80.0)
                                                              

                                                                                             N (%)

Age (median cut-off)                             70                               
  >60                                                                                 32 (45.7)
  ≤60                                                                                 38 (54.3)
Previous other cancer                            70                               
 No                                                                                  67 (95.7)
 Yes                                                                                   3 (4.3)

Family history of cancer                       67                               
 No                                                                                  34 (50.7)
 Yes                                                                                 33 (49.3)

Menopausal status                                 70                               
 Postmenopausal                                                            54 (77.1)
 Premenopausal                                                              16 (22.9)

Stage                                                       70                               
 IV                                                                                   16 (22.9)
 Non-IV                                                                          54 (77.1)

Laterality                                                70                               
 Bilateral                                                                         52 (74.3)
 Unilateral                                                                       18 (25.7)

Metastatic lymph nodes                        69                               
 No                                                                                  51 (73.9)
 Yes                                                                                 18 (26.1)

Disease dissemination                           70                               
 Lower abdominal disease                                             49 (70.0)
 Pelvic disease*                                                                4 (5.7)
 Upper abdominal disease                                             17 (24.3)

Histological type                                   70                               
 Endometrioid                                                                14 (20.0)
 Mucinous                                                                         4 (5.7)
 Serous                                                                            52 (74.3)

Grade                                                      70                               
 1                                                                                       2 (2.9)
 2                                                                                     22 (31.4)
 3                                                                                     46 (65.7)

  
*Ovaries and fallopian tubes.
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Figure 2. Morpho - biological characteristics of OVCA tissues. A. Morphological subtypes among 294 OVCA tumor samples from 70 patients. IR:
immunoreactive; SD: solid; PG: papilloglandular; MT: mesenchymal transition; overall load: representation of each subtype among all samples;
IQR: inter-quartile range. Diagram at approximate scale. Any IR, SD, PG, MT: the number and rate of samples with the particular subtype among
all samples are addressed (samples with two subtypes are counted twice). Among the 67 tumor sections with intra-tissue heterogeneity, the median
subtype load was 70% for papilloglandular (range=10-95%), 50% for solid (10-90%), 40% for immunoreactive (10-80%), and 30% for mesenchymal
transition (5-90%). B. Associations between subtypes and site of origin, ovaries or implants. p-Values from Fisher’s exact test. C & D. Associations
of solid and papilloglandular with stromal tumor-infiltrating lymphocyte (sTIL) density (in C) and with Ki67 labeling in malignant cells (in D). E.
Stromal Ki67 labeling in lymphocyte-rich subtypes. C – E: p-Values from Wilcoxon rank-sum test. F. Significant associations between tissue histology
and genomic characteristics per sample. ITH: intra-tissue heterogeneity. p-Values from Fisher’s exact test. 



68 patients; two cases with only one homogeneous sample
informative for morphological subtyping were excluded. IPH
was observed in 48/68 patients (70.6%), including all
patients with intra-tissue heterogeneity and 13 additional
ones. The secondary subtype in sections from 33/35 patients
with intra-tissue heterogeneity was present as the only
subtype in sections from different sites in the same patient.
Among the 20 patients without IPH, homogeneous PG was
observed in 15, MT in 4 and SD in 1 patient. There was no
case with homogeneous IR. Patients with IPH had various
combinations of 2 or 3 morphological subtypes at various
sites, but all 4 subtypes were never observed in the same
patient. Intra-tissue heterogeneity and IPH were not related
to the number of total samples or implants examined per
patient or to disease laterality.

In line with morphological subtype IPH, sTIL density
varied extensively among samples from the same patient
(Figure 3A); a very high sTIL value in one implant, e.g. 70%,
did not preclude a very low sTIL value of 5% or even 0 in
another. Max-TILs and average-TILs in the same patient were
strongly correlated (Spearman’s rho=0.9034). Unlike max-
TILs or average-TILs, Euclidean distance (by definition)
depended on the number of samples examined per patient
(Wilcoxon rank-sum p=0.014). Max-TILs and average-TILs
per patient depended on sTIL status in implants (Spearman’s
rho=0.9743 and 0.9624, respectively) and less so in ovaries,
while rho values between sTILs in ovaries and implants were
even lower (Supplementary Table S1:

https://www.hecog.gr/images/stories/pdf/PAPERS_ONLINE/
Supplementary_Table_S1.pdf). Max-TILs and average-TILs
positively correlated with IR-load in matched samples
(Spearman’s rho >0.5), while max-TILs in implants were
inversely correlated with PG-load. A higher number of
samples was associated with high SD-load (p=0.016) but not
with IR-, PG-, or MT-load.

Associations of morphological subtype and sTILs IPH with
patient characteristics. IPH was more frequent in grade 3 than
in grade 2 tumors (Fisher’s p=0.020), was more frequent in
stage IV vs. non-stage IV disease (87.5% vs. 65.4%) although
not of statistical significance (Fisher’s exact test p=0.121), and
was not associated with histology. The two patients with grade
1 tumors (one serous, one endometrioid) did not exhibit any
intra-tissue or intra-patient heterogeneity, were of the PG
subtype and had low sTILs (0% and 5%).

Significant associations across standard clinicopathological
parameters, morphological subtype load and the described sTIL
parameters are shown in Table II. IR-load and MT-load were not
associated with patient age, menopausal status at diagnosis,
family history, disease laterality, stage and nodal status,
histological type and grade, and germline status. SD-load was
positively, and PG-load was inversely associated with nodal

metastasis and higher grade. Because sTIL parameters were
strongly intercorrelated, descriptive associations are presented
for max-TILs. Higher max-TIL density was observed in patients
with stage IV disease, upper abdominal dissemination,
endometrioid histology, and grade 3 tumors. Similar results were
obtained for max-TILs in implants, average-TILs in case and in
implants, and for the Euclidean distance, when these parameters
were examined either as continuous or as binary variables. Of
note, max-TILs and average-TILs in ovaries did not yield any
significant associations with clinicopathological parameters. 

Morphological subtypes and sTILs on patient outcome. OS
and PFS analyses were performed in 68 patients with high-
grade tumors; all had received platinum-based chemotherapy.
Among 67 patients with relevant available data, 22 (32.8%)
were non-responders (refractory), 14 (20.9%) intermediate,
21 (31.3%) platinum-sensitive, and 10 (14.9%) were super-
responders. Among all 4 patient classes, super responders
had significantly higher max-TILs (Figure 3B) and average-
TILs (Kruskal-Wallis p=0.028); the same parameters taken
only from implants or ovaries were not related to treatment
response. Euclidean distance was without effect.

Patients were followed for a median of 10.2 years (95%
CI=9.4-14.1). In this period, 57 (83.8%) patients experienced
disease progression and 54 (79.4%) died; median PFS was 1.3
years (95% CI=0.9-1.9) and median OS 3.8 years (95%
CI=2.2-5.3). Univariate analysis results regarding the impact
of clinicopathological and study parameters are shown in Table
III. Out of all clinicopathological parameters, only patient age
was statistically significant for OS. Higher Euclidean distance
and max-sTILs (also shown in Figure 3C) were consistently
associated with favorable PFS and OS, either as continuous or
binary variables. Higher SD-load was associated with favorable
PFS (Figure 3D) and reduced the risk for progression by 51%
(Table III). IR- and PG-load were not associated with patient
outcome, for IR most likely due to the small number of cases
with this subtype. Although the hazard ratio for MT-load was
in the expected direction (unfavorable), this finding did not
reach statistical significance. 

Germline data were available in only 60% of the patients
including 11 carriers of pathogenic germline variants in HRR
genes (truncating frameshifts and stopgains) (20). These
numbers are too small for meaningful statistics but the data
may be interesting for a case-per-case study. Among 5 BRCA1
carriers with tissue sequencing data available from multiple
locations, the super responder to platinum-based chemotherapy
and the long (>10 years) survivor had high max-TILs, high
average-TILs and no IPH; in these patients, the germline
variant was found at >60% frequencies in tissues indicative of
LOH and disrupted BRCA1 function. The remaining 4 patients
were intermediate responders who died of disease; all of them
had heterogeneous morphological subtypes and universally or
partially monoallelic defects in tissues. 

CANCER GENOMICS & PROTEOMICS 17: 529-541 (2020)

534

https://www.hecog.gr/images/stories/pdf/PAPERS_ONLINE/Supplementary_Table_S1.pdf
https://www.hecog.gr/images/stories/pdf/PAPERS_ONLINE/Supplementary_Table_S1.pdf


Lakis et al: Histological Heterogeneity in OVCA

535

Figure 3. Morphological subtypes and stromal tumor-infiltrating lymphocyte (sTIL) density in 68 patients with high-grade OVCA. A. Map highlighting
the observed histological heterogeneity (patient data in rows). Note the diversity of morphological subtypes and sTIL density among samples from the
same patient. B. The group of patients with very favorable response to platinum (super responders) had significantly higher max-TIL values compared
to all other categories. C and D. Association of max-TILs per case and of the load of the solid subtype per case with PFS, respectively. 



Discussion

Routine pathology of OVCA captures significant lineage-
specific biology and can predict tumor aggressive behavior,
but does not account for anatomopathological heterogeneity
or for tumor-host interactions (1). By examining tumor
morphology and sTIL density in multiple matched primary
and metastatic tumor sections this study uncovers extensive
tumor and host immune response heterogeneity and
demonstrates their biological and clinical impact. Importantly,
information derived from ovarian samples alone did not reflect
tumor histological composition in the implants and was not
consistent in predicting patient outcomes. 

Besides high-grade serous OVCA (HGSOC), the present
cohort included a limited number of endometrioid and
mucinous cancers. Thus, even though the herein described
subtypes or IPH were not associated with WHO histological
types, their incidence is cohort specific and not directly
comparable to previous reports on larger series of exclusively
HGSOC. Our findings on heterogeneous tumor growth
patterns in OVCA contradict previous histological studies in
which tissue samples were assigned with one morphological
type at a time (18, 23). However, it is not unusual to encounter
more than one morphological pattern on routine sections
covering a surface of >1cm^2. Here, we did not classify
tumors as MT using the previously suggested 10% cut-off per
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Table II. Significant clinicopathological associations of morphological subtypes and sTIL density.

                                                               N                    Mean                  Std                     Median                    Min                     Max                   p-Value

                                                                                                                              SD load (range: 0 to 1)           

Metastatic lymph nodes                                                                                                                                                                                  0.005
  No                                                       51                    0.09                   0.18                       0.00                       0.00                     0.67                        
  Yes                                                       18                    0.26                   0.29                       0.24                       0.00                     1.00                        
Grade                                                                                                                                                                                                               0.010
  1                                                             2                    0.00                   0.00                       0.00                       0.00                     0.00                        
  2                                                           22                    0.05                   0.16                       0.00                       0.00                     0.67                        
  3                                                           46                    0.18                   0.24                       0.00                       0.00                     1.00                        
  
                                                                                                                              PG load (range: 0 to 1)           

Metastatic lymph nodes                                                                                                                                                                                  0.005
  No                                                       51                    0.62                   0.35                       0.64                       0.00                     1.00                        
  Yes                                                       18                    0.32                   0.34                       0.25                       0.00                     1.00                        
Grade                                                                                                                                                                                                               0.026
  1                                                             2                    1.00                   0.00                       1.00                       1.00                     1.00                        
  2                                                           22                    0.65                   0.35                       0.69                       0.00                     1.00                        
  3                                                           46                    0.47                   0.36                       0.49                       0.00                     1.00                        
  
                                                                                                                               Max-TILs in case (%)
  
Stage                                                                                                                                                                                                                0.043
  IV                                                        16                  44.38                 24.21                     50.00                     10                        80                             
  Non-IV                                                54                  30.19                 25.29                     20.00                       0                        90                             
Disease dissemination                                                                                                                                                                                     0.024
  Lower abdominal disease                  49                  31.43                 26.32                     20.00                       0                        90                             
  Peritoneal disease                                 4                   11.25                 13.15                       7.50                       0                        30                             
  Upper abdominal disease                  17                  44.41                 21.20                     50.00                       5                        80                             
Histological type                                                                                                                                                                                             0.013
  Endometrioid                                      14                  37.14                 27.15                     40.00                       5                        80                             
  Mucinous                                             4                    2.50                   5.00                       0.00                       0                        10                             
  Serous                                                 52                  34.81                 24.81                     30.00                       0                        90                             
Grade                                                                                                                                                                                                               0.021
  1                                                             2                    2.50                   3.54                       2.50                       0                          5                             
  2                                                           22                  27.95                 27.85                     20.00                       0                        90                             
  3                                                           46                  37.39                 23.85                     30.00                       5                        80                             

Bold values indicate statistical significance. 



section (23); instead, we evaluated the load of MT and every
subtype per section and per patient. With this approach, our
results are in line with molecular subtype heterogeneity (7, 9). 

Molecular and morphological evidence suggest that
heterogeneity could be explained by the interaction of tumor
cell genomes and functional properties with the host
mesenchyme at dissemination sites (7, 11, 12, 22, 26-28).
This view is further supported by the elimination of
mesenchymal and immunoreactive subtypes in patient-
derived xenografts growing in a mouse stromal environment
(11) and by the pan-cancer subtypes among 32 different

cancer types (29). The amount of stroma in a tumor, i.e.,
tumor purity, contributes to the heterogeneity and low
reproducibility of molecular subtypes (12). Interestingly,
both the mesenchymal subtype and infiltrative or
desmoplastic growth patterns are more frequently observed
in OVCA implants (9, 10, 30), while the levels of
mesenchymal and immune response gene transcripts are
elevated upon metastasis (11). The described predominance
of MT in heterogeneous sections and its higher incidence in
implants is compatible with stromal dependencies of
molecular subtypes in OVCA classification. These results
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Table III. Hazard ratios and 95% confidence intervals with respect to PFS and OS for morphological subtypes and sTILs*.

                                                                                                               PFS                                                                                    OS

                                                                       Event/Total               Hazard ratio          p-Value            Event/Total                Hazard ratio            p-Value
                                                                                                       (95% CI)Cox                                                                 (95% CI)Cox                  

sTILs Euclidean distance per case*                                                                                                           
  High                                                                   25/33                 0.44 (0.26-0.76)        0.003                   22/33                  0.45 (0.26-0.80)           0.006
  Low                                                                    31/32                      Reference                 --                      29/32                       Reference                   --

Max-TILs in case*                                                                                                                                                                        
  High                                                                   22/30                 0.44 (0.26-0.76)        0.003                   19/30                  0.44 (0.25-0.77)           0.004
  Low                                                                    37/38                      Reference                 --                      35/38                       Reference                   --

Max-TILs in ovaries*                                                                                                                                                                   
  High                                                                   27/32                 0.69 (0.41-1.17)        0.167                   24/32                  0.61 (0.35-1.06)            0.08
  Low                                                                    29/33                      Reference                 --                      27/33                       Reference                   --

Max-TILs in implants*                                                                                                                                                                 
  High                                                                   26/32                 0.58 (0.34-0.99)        0.044                   23/32                  0.58 (0.33-1.01)           0.053
  Low                                                                    31/34                      Reference                 --                      29/34                       Reference                   --

IR-load*                                                                                                                                                                                                                    
  High                                                                    8/10                  0.60 (0.28-1.27)         0.18                     6/10                   0.44 (0.19-1.03)           0.057
  Low                                                                    51/58                      Reference                 --                      48/58                       Reference                   --

MT-load*                                                                                                                                                                                                                  
  High                                                                   29/33                 1.34 (0.80-2.24)        0.263                   28/33                  1.54 (0.90-2.64)           0.119
  Low                                                                    30/35                      Reference                 --                      26/35                       Reference                   --

PG-load*                                                                                                                                                                                                                   
  High                                                                   31/33                 1.45 (0.86-2.44)        0.161                   28/33                  1.33 (0.78-2.27)           0.293
  Low                                                                    28/35                      Reference                 --                      26/35                       Reference                   --

SD-load*                                                                                                                                                                                                                   
  High                                                                   18/24                 0.49 (0.28-0.87)        0.014                   17/24                  0.58 (0.33-1.03)           0.065
  Low                                                                    41/44                      Reference                 --                      37/44                       Reference                   --

sTILs Euclidean distance per case^,@                                          0.90 (0.82-0.98)        0.015                                             0.89 (0.81-0.98)           0.012
Max-TILs in case^,@                                                                     0.86 (0.76-0.96)        0.007                                             0.86 (0.77-0.96)           0.007
Max-TILs in ovaries^,@                                                                0.87 (0.77-0.99)        0.031                                             0.84 (0.73-0.96)           0.013
Max-TILs in implants^,@                                                              0.90 (0.80-1.00)        0.058                                            0.89 (0.79-1.00)           0.052
IR-load^                                                                                          0.45 (0.09-2.23)        0.327                                            0.26 (0.04-1.72)           0.163
MT-load^                                                                                        1.55 (0.66-3.63)        0.314                                            1.91 (0.79-4.62)           0.151
PG-load^                                                                                         1.58 (0.79-3.19)        0.198                                            1.49 (0.72-3.10)           0.284
SD-load^                                                                                         0.22 (0.06-0.85)        0.028                                             0.25 (0.06-0.98)           0.047
Age#,^                                                                                             1.02 (0.99-1.04)        0.178                                            1.02 (1.00-1.05)            0.07
Age#                                                                                                                                                                                                                           
  >60                                                                     30/32                 1.52 (0.91-2.54)        0.111                   29/32                  1.76 (1.03-3.02)           0.039
  ≤60                                                                     29/36                      Reference                 --                      25/36                       Reference                   --
  

*Median as a cut-off for high/low; ^continuous variables; @10% increments; #patient age was added to the table, since it was the only
clinicopathological parameter associated with outcome (OS). Bold values indicate statistical significance. 



collectively suggest that assessing carcinoma cells and
stromal components separately may be of value for tissue
profiling and that H&E constitutes the simplest and most
inexpensive way of achieving this in daily practice. 

Molecular signatures reflect variations in tumor purity;
tumors of lower purity are usually assigned to poorer
prognostic groups. Worse outcomes may arise from the lower
resectability of low-purity tumors that decreases the
likelihood of achieving a complete treatment response (26,
31), while stroma-related platinum-chemoresistance has also
been described (32). We were not able to explore such
hypotheses in our data; it is possible, however, that stromal
content and the herein described favorable SD subtype are
both manifestations of tumor purity. High-purity tumors with
an extremely dense “epithelial” component can appear as
expansile “solid” proliferations, whereas low-purity tumors
are less dense and may contain variable amounts of
intervening stroma, creating the classical impression of
destructive invasion on H&E slides. In our series, SD tumors
were high-grade with increased proliferation, more sTILs, and
a propensity for mutations in HRR genes. This constellation
of features coupled with the observed survival benefit for
these patients is reminiscent of previous genotype/phenotype
associations that confer increased platinum sensitivity in
HGSOC (33, 34). In our classification, SD appeared closer to
IR tumors, similarly to medullary-like and medullary breast
carcinomas (35). In SD tumors, increased vulnerability to
platinum-treatment may be due to increased replication (36),
aided by HRR defects, with the synergistic effect of sTILs.
The identification of the SD subtype seems of clinical
relevance in OVCA. 

Genotype/phenotype associations with respect to the
previously described histologic patterns in BRCA1/2 carriers
(33) were not possible in this study due to the limited
number of respective carriers. In line with the previously
published genotype heterogeneity for these patients (20),
intra-patient morphological heterogeneity and response to
treatment were linked to the status of the inherited variant in
tumors, i.e., LOH (BRCA1 disruption) or monoallelic defect
or potential elimination of the inherited variant or
combinations of the above. Other than previously suggested
(37), information on the germline variant allele frequency in
tumors has not yet been globally integrated in laboratory
reports. Changing this will bring the scientific and clinical
community towards a more pragmatic patient assessment in
the context of precision oncology. 

In addition to morphological variability, our study also
provides insights on intra-patient differences of sTIL
density. Even though an increased number of sTILs in one
site appeared to correlate with higher probability of
elevated stromal immune response across sites, it was not
uncommon that very high and very low sTIL densities
coexisted in the same patient. This type of heterogeneity is

described in the literature (21, 28, 38) and seems worth
assessing for predicting prognosis (38), which is indicated
here as well. 

Surrogates of molecular profiles are common in the
practice of pathology because slide reading provides
interpretable context and staining is cheaper than genomic
and transcriptomic analyses (39-41). Further development
of the proposed morphological surrogates for OVCA (23,
33), including the modifications described herein, may aid
in predicting treatment benefit. To this end, detailed
assessment of all available histological material from HG-
OVCA extending beyond the routinely practiced “one
representative sample” per patient may be necessary. With
the number of pathologists predicted to decrease
worldwide (42, 43), proposing that histological subtypes
and sTILs are to be assessed on each available tumor block
from cytoreductive surgical material may appear
unrealistic. An additional caveat is that morphological
subtypes are only moderately reproducible (9). Examining
the validity of morphological surrogates in pathology may
be aided by advanced algorithms with deep learning
capabilities in order to robustly map molecular traits or
morphological patterns onto outcomes within fully
automated workflows (44). 

Limitations of our study are the absence of data on
debulking status, the inclusion of a small number of non-
HGSOC tumors, the small number of cases and the use of
slightly modified criteria for the definition of subtypes. The
main strengths are the detailed assessment of morphological
subtypes within histological sections and across anatomical
sites and the simultaneous study of sTILs, which is to our
knowledge the most extensive investigation of OVCA
heterogeneity in this context. 

Conclusion

We have shown that PG, MT, SD and IR histological subtypes,
previously proposed as surrogates of the molecular subtypes of
HGSOC, may coexist within the same tumor histological slide
in varying proportions and very frequently co-occur within
different ovarian primaries and implants of the same patient.
When considering the total burden of the subtypes in all
anatomical sites containing tumor implants, morphological
heterogeneity was clinically significant, with SD predicting a
favorable outcome. Furthermore, we observed a wide range of
sTIL densities across samples from the same patient and
demonstrated the importance of assessing sTILs in all samples
from a surgical specimen for predicting the outcome. Finally, we
report an interesting association between the SD subtype, sTILs
and features suggestive of platinum sensitivity, which may
warrant further investigation. Heterogeneity of HG-OVCA may
limit the ability of pre-operative biopsies to decipher whether the
total tumor is more amenable to certain treatment modalities.
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