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Abstract: Serous tubal intraepithelial carcinoma (STIC) is the
fallopian tube precursor lesion for most cases of pelvic high-grade

serous carcinoma (HGSC). To date, the morphologic, molecular,
and clinical heterogeneity of STIC and a less atypical putative
precursor lesion, termed serous tubal intraepithelial lesion, has not
been well characterized. Better understanding of precursor heter-
ogeneity could impact the clinical management of women with
incidental STICs (without concurrent carcinoma) identified in
cases of prophylactic or opportunistic salpingectomy. This study
analyzed morphologic andmolecular features of 171 STICs and 21
serous tubal intraepithelial lesions. We assessed their histologic
features, Ki-67 and p53 staining patterns, and genome-wide DNA
copy number alterations. We classified all precursor lesions into 2
morphologic subtypes, one with a flat surface (Flat) and the other
characterized by budding, loosely adherent, or detached (BLAD)
morphology. On the basis of pathology review by a panel of 8
gynecologic pathologists, we found 87 BLAD, 96 Flat, and 9 in-
determinate lesions. As compared with Flat lesions, BLAD lesions
were more frequently diagnostic of STIC (P< 0.0001) and were
found concurrently with HGSC (P< 0.0001). BLAD morphology
was also characterized by higher Ki-67 proliferation index
(P< 0.0001), presence of epithelial stratification (P< 0.0001), and
increased lymphocyte density (P< 0.0001). BLAD lesions also
exhibited more frequent DNA copy number gain/amplification at
the CCNE1 or CMYC loci canonical to HGSCs (P< 0.0001).
Both BLAD morphology and STIC diagnoses are independent
risk factors for an elevated Ki-67 proliferation index. No corre-
lation was observed between BLAD and Flat lesions with respect
to patient age, presence of germline BRCA1/2 mutation, or p53
staining pattern. These findings suggest that tubal precursor le-
sions are morphologically and molecularly heterogeneous, laying
the foundation for further studies on the pathogenesis of HGSC
initiation and identifying histologic features predictive of poor
patient outcomes.
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H igh-grade serous carcinoma (HGSC), the most com-
mon histologic type of ovarian cancer in western

countries, is unique among human neoplastic diseases
because it is unlikely to originate from its cognate
tissue, the ovary, which is covered by a thin layer of
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mesothelium.1 Although HGSC has traditionally been
considered to emerge from the ovarian surface, direct
evidence of mesothelial precancerous lesions on the
ovarian surface preceding HGSC is largely lacking. About
2 decades ago, a new paradigm proposed that most
HGSCs originate from fallopian epithelium, from a pre-
cursor termed serous tubal intraepithelial carcinoma
(STIC).2,3 This paradigm has been supported by a wealth
of clinicopathological and molecular studies.1,4–9

STICs are of microscopic size and are detected on
the mucosal surface of the fallopian tube, commonly at the
fimbriated ends. Classic morphologic features of STICs
include nuclear atypia, prominent nucleoli, epithelial
stratification, and occasional mitotic figures and/or
apoptotic bodies.10–12 STICs can be found with or without
concurrent HGSC, and isolated STICs detected in-
cidentally, in the absence of HGSC, arguably provide the
ideal tissue sources for studying the pathogenesis of
HGSC. Alongside STIC that may represent the immediate
precursor of many HGSCs, other related lesions have been
recognized. Among these tubal lesions, serous tubal in-
traepithelial lesion (STIL) is defined by the presence of
cellular and architectural atypia, which is not as severe as
STICs. Immunostaining is helpful to distinguish STIC
from STIL. Although there is no universal consensus, a
Ki-67 index has been proposed as one of the diagnostic
criteria to distinguish STIC from STIL, and some re-
searchers consider STIL to be a form of proliferatively
dormant STIC.13 STICs have a higher Ki-67 labeling in-
dex, and a cutoff value of 10% has been used to distinguish
STIC from STIL.10,14–16 Both STICs and STILs harbor
TP53 missense or truncating mutations.4,5 The combina-
tion of morphologic features and immunostaining using
p53 and Ki-67 antibodies is the current standard of
practice used by pathologists to make the diagnosis of
STIC and STIL.15 The group of tubal lesions without
morphologic atypia but showing a p53-missense–type
immunostaining pattern are termed p53 signature. In
clinical practice, p53 signatures cannot be identified on a
basis of routine hematoxylin and eosin staining unless p53
immunohistochemistry is applied.17

Recent studies have shed light on the molecular
landscape of STIC and STIL, revealing key molecular
alterations involved in their development.1,13,18–20 How-
ever, the heterogeneity of tubal precursor lesions has not
been well characterized. With the increasing adoption of
opportunistic salpingectomy as a preventive measure for
HGSC in average-risk women,21,22 in addition to pro-
phylactic salpingo-oophorectomy in the high-risk pop-
ulation, pathologists are likely to encounter an increasing
number of tubal precursor lesions in routine surgical
pathology practice. STICs are clinically significant
due to their potential association with HGSC after
salpingectomy.9,23,24 However, one of the most important
unanswered questions is whether certain morphologic and/
or molecular features of STICs are associated with the risk
of subsequent malignancy. At present, it is debatable
whether incidental STIC diagnosis should prompt further
clinical action to prevent the development of invasive

HGSC since there is no published guideline. A recent
analysis showed that nearly 30% of BRCA mutation car-
riers found to have STIC at the time of risk-reducing bi-
lateral salpingo-oophorectomy will develop HGSC within
10 years.9,23,24 This suggests that not all STICs are the
same, with some being more clinically aggressive than
others. To understand which STIC portends a poor
prognosis and warrants further intervention, we charac-
terized the morphologic and molecular diversity among
different types of tubal precursor lesions.

This study aims to establish a morphologic marker,
and it shows that tubal precursor lesions can be dicho-
tomized into 2 major morphologic subtypes with high
reproducibility: flat surface (Flat) and Budding, Loosely
Adherent, or Detached (BLAD) morphologies that dis-
tinctly differ in Ki-67 proliferation index, degree of epi-
thelial stratification, lymphocyte density, and DNA copy
number alteration patterns. These findings provide a
foundation for future research on the risk stratification of
tubal precursor lesions and the study of ovarian cancer
pathogenesis.

MATERIALS AND METHODS

Tissue Acquisition
Cases with a diagnosis of STIC or STIL were identi-

fied in the pathology archives at the Johns HopkinsMedical
Institutions in Baltimore, MD, and the Inova Fairfax
Hospital in Fairfax, VA. The diagnoses of those lesions
were finalized in consensus pathology meetings at the local
hospitals using the criteria defined in a previous study.17

Formalin-fixed and paraffin-embedded tissue blocks as well
as the original hematoxylin and eosin staining slides were
obtained. This study was conducted in accordance with
ethical guidelines (eg, Declaration of Helsinki, CIOMS,
Belmont Report, US Common Rule) and with the approval
of the local institutional review boards. Informed consent
was waived. We identified a total of 192 tubal lesions from
124 women. We used laser capture-microdissection to en-
rich the epithelial cells. Genomic DNA from individual
specimen was extracted using the QIAmp formalin-fixed
and paraffin-embedded DNA tissue kit (Qiagen, 56404), as
previously reported.5,25

Histologic Review of Morphologic Features
Whole hematoxylin and eosin staining slides were

scanned using theNanoZoomer S60Digital slide scanner, and
the individual STICs and STILs were manually annotated.
The image files were uploaded and shared among all inves-
tigators in this study through the Concentriq Proscia pathol-
ogy platform. The images in this study are available upon
request to the corresponding author. A panel of 8 gynecologic
pathologists (Y.C.,M.H.C., D.K., B.C.L., R.S.V., T.N., T.R.
S., and I.M.S.) from 5 institutions participated in the review of
the following histologic characteristics of cases: (1) presence of
signs of discohesiveness, (2) presence of epithelial stratification
(single layer vs. multiple layers of lesion cells), and (3) intra-
epithelial and subepithelial/stromal density of lymphocytes
(increased vs. not increased).
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On the basis of initial assessment, we created 3
morphologic groups of tubal lesions (BLAD, Flat, and
indeterminate). BLAD lesions were defined by budding
and loosely adherent and detached single cells or small
clusters of lesion cells in more than 10 percent of the
evaluable area. Flat lesions lacked these features and ex-
hibited relatively flat and intact surfaces in > 90% of the
lesion. Epithelial stratification was categorized as single,
multiple, or indeterminate. Lymphocyte density inside the
epithelium and the stroma underneath a lesion (at a depth
of ~100 to 200 µm) was classified as increased, not in-
creased, or indeterminate. This was based on comparing
the lesion to the adjacent histologically unremarkable tu-
bal epithelium. We used a democratic system to assign a
lesion to the BLAD, Flat, or indeterminate group based
on a majority vote rule. In addition, if equal numbers of
votes were received for more than 1 category, the lesion
was also classified as “indeterminate.” The same approach
was applied to the epithelial stratification and to lym-
phocyte density.

Immunohistochemistry
Immunohistochemical analysis of p53 and Ki-67 was

performed in all cases either at the time of clinical diagnosis
or at the time of this study. Immunostaining was performed
using an anti-p53 mouse monoclonal antibody (Roche, 760-
2542. Bp53-11 clone) and an anti-Ki-67 antibody (Roche,
790-4286, 30-9 clone). Among the 192 lesions studied, 105
p53-immunostained slides and 125 Ki-67-immunostained
slides were accessible for interpretation. Interpretation of p53
staining followed the previously reported criteria. Briefly, an
intense and diffuse nuclear immunoreactivity suggested a
missense TP53 mutation; complete negativity a mutation
causing loss of p53 protein expression; focal and weak
staining a wild-type TP53 status. Diffuse staining is defined
as expression in >60% of epithelial cells.26 We only con-
sidered nuclear p53 staining in this study despite cytoplasmic
staining may have biological significance. To estimate the
Ki-67 labeling index, at least 100 cells were counted, if
available. A normalized Ki-67 index was calculated as the
ratio of the Ki-67 index of the lesion to the Ki-67 index of the
histologically unremarkable tubal epithelial cells on the same
sections.

Assessment of Aneuploidy Using the Repetitive
Element Aneuploidy Sequencing System

To determine genome-wide DNA copy number al-
terations, we used Repetitive Element AneupLoidy Se-
quencing System (RealSeqS), which was previously
detailed.27 We have recently applied this technique in the
analysis of aneuploidy patterns in cfDNA and cytologic
specimens from esophagus.28 Briefly, we PCR-amplified
~350,000 repetitive sites across the human genome. Each
sample was analyzed in 8 separate assays, with 100 to
250 pg of DNA in each reaction. We conducted a second
PCR round to incorporate barcodes into each PCR
product. Before sequencing, we purified amplification
products from the second cycle using the AMPure XP

beads (Beckman cat # a63880) in accordance with the
manufacturer’s instructions.

The assessment of aneuploidy in terms of chromo-
somal locations and the levels of gain/loss have been
described.27,28 Briefly, we used a pre-existing set of 30
genomic DNA samples from healthy people as normal
references. A smaller subset (n= 7) of the reference sam-
ples that were most comparable to the amplicon dis-
tributions produced by RealSeqS were then matched to
each experimental sample. Following that, the statistical
significance for the 39 nonacrocentric chromosomal arms
was determined.

μ

σ
=

−
Z

Observed
chr

chr chrpanel

chrpanel

If |Zchr| > 5, an arm was called aneuploid. More spe-
cifically, gain was rendered if Zchr > 5 and lost if Zchr <−5.
The circular binary algorithm (CBS) was applied to gen-
erate statistical significances at the arm level for 50 kb
nonoverlapping genomic intervals for each experimental
sample. The subchromosomal focal changes were recog-
nized by the CBS algorithm. If the CBS produced a sub-
chromosomal segment encompassing the region of interest
and had a log2 ratio > 0.25, the focal amplification for
19q12, 19q13.2, or 8q24 was declared. Subsequently, using
the information from the discovery set, we developed an
algorithm to molecularly group STIC, p53 signature, and
normal fallopian tube epithelium into several clusters.
These patterns of aneuploidy were grouped under the terms
of Path 2, Path 3, Path 4, and Path 5 in this study.29 In this
study, we focused on CCNE1 and MYC copy number gain
since they are well-known HGSC genes.

Statistical Analysis
Agreement among the 8 pathologists’ image read-

ings was assessed by Krippendorff alpha, which is a
measure of inter-rater agreement that quantifies the level
of agreement among multiple observers. Krippendorff
alpha takes values between −1 and 1. A value of −1 in-
dicates perfect disagreement among the raters, 0 indicates
an agreement expected by chance, and 1 indicates perfect
agreement among the raters. CI of Krippendorff alpha
values were obtained through 1000 bootstrap simulations.

The final classification of lesions, based on the ma-
jority vote from the readings of 8 pathologists, was used
for statistical analyses. The “indeterminate” group was
treated as missing data in the analyses. Univariate analysis
evaluated associations between morphologic subtype
(BLAD vs. Flat) and patient age, germline BRCA status,
lesion location (fimbria vs. lumen), epithelial stratification,
immunostaining markers (Ki-67 labeling index and p53
staining pattern), and aneuploidy class (Path 2, Path 3,
Path 4, and Path 5). Categorical variables were analyzed
using Fisher exact test, while continuous variables were
assessed using the Wilcoxon rank-sum test. One-way
analysis of variance was used to investigate the association
between aneuploidy classes and log2-transformed Ki-67.
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We repeated this analysis in the subgroup of cases without
a diagnosis of HGSC (ie, the incidental lesions). Fisher
exact test was used to study the association between cat-
egorical variables.

In multivariate analysis, a linear regression model was
used to determine whether BLAD and multilayer epithelial
stratification were independently associated with elevated
Ki-67 after adjusting for STIC versus STIL diagnosis. Log2
transformation was applied to the Ki-67 index to reduce its
skewness. We used a regression tree to explore synergies
and interactions among all variables to identify subgroups
with varying levels of Ki-67 index. The same analyses were
repeated for the BLAD and Flat lesions without concurrent
HGSC (ie, the incidental lesions).

RESULTS

Clinicopathologic Features of “Ovarian”
Precancerous Lesions

Tubal precursor lesions were retrieved by digitally
searching pre-existing pathology reports for diagnoses of
STIC and STIL. The diagnoses were reviewed and finalized
by at least 2 pathologists who applied the previously reported
morphologic and immunohistochemistry-based diagnosis
criteria for STIC, STIL, and p53 signature. Despite the ter-
minology in describing tubal lesions has not been standard-
ized other than STIC in clinical practice, this current study
included the term, STIL or p53 signature, following the cri-
teria we previously established. STIL is the lesion with nu-
clear atypia but to a lesser degree as compared with STIC
and with Ki-67 proliferation index <10%. p53 signature
represents a stretch of tubal epithelial cells showing a p53-
missense–type immunostaining pattern but without any
recognizable atypia.17 The study design is schematically
summarized in Figure 1A. The clinicopathologic and
molecular features of all lesions in this study are listed in
Supplementary Table 1, Supplemental Digital Content 1,
http://links.lww.com/PAS/B761.

A total of 192 tubal STIC and STIL lesions were
analyzed. Within this cohort, 171 (89%) were classified as
STIC and 21 (11%) as STIL. Among the 171 STICs, 54
(32%) were incidental (no concurrent HGSC), and among
the 21 STILs, 20 (95%) were incidental (Fig. 1B).
Photomicrographs of representative STICs and STILs in
this study are shown in Figure 2.

To characterize the morphologic heterogeneity
among the tubal precursor lesions, we identified histologic
patterns that separated the lesions into 2 groups plus a
small group of indeterminate lesions. BLAD lesions were
characterized by the presence of single or small clusters of
STIC or STIL cells showing budding, loose adherence, or
detachment from the surface on the 2-D sections. Flat
lesions exhibited a smooth and intact surface without any
of the BLAD features. Representative BLAD and Flat
tubal precursor lesions are shown in Figure 3. On the basis
of majority vote from the 8 gynecologic pathologists, we
classified the 192 tubal precursor lesions into the following
morphologic subtypes: 87 (45%) BLAD lesions, 96 (50%)
Flat lesions, and 9 (5%) indeterminate lesions (Fig. 4A).

BLAD morphology was highly associated with, and
exclusively seen in STIC lesions, whereas the Flat lesions
comprised 75 STICs and all 21 STILs (P< 0.0001)
(Fig. 4B). The 9 lesions in the indeterminate category
were all STICs. Regarding the classification into BLAD or
Flat groups, there was unanimous agreement for 50% of
cases (n= 96) and high agreement (7 of 8 pathologists
agreed) for 21% of cases (n= 40). We observed that 64
(36%) lesions had a single epithelial layer, while 113 (64%)
lesions had multiple epithelial layers. The remaining 6
lesions were indeterminate. As for epithelial and stromal
lymphocyte density, 26 (14%) lesions exhibited increased
density, 154 (86%) lesions had a background density, and
3 lesions were indeterminate. For the morphologic
categorization as BLAD, Flat, and indeterminate, the
Krippendorff alpha value was 0.61 (95% CI: 0.55-0.66),
indicating substantial agreement among the 8 pathologists
from different institutions.

Features Associated With the BLAD and Flat
Lesions

We examined associations between BLAD and Flat
morphologies and several clinicopathologic features, in-
cluding patient age, presence of concurrent HGSC, lesion
location, local lymphocyte density, and pattern of p53
staining. BLAD morphology was significantly associated
with the presence of concurrent HGSC (P< 0.0001)
(Fig. 5A; Table 1). We observed that 75 of 87 BLAD
lesions (86.2%) had multilayer epithelial stratification,
while only 38 of 96 (40%) Flat lesions exhibited this
feature (P< 0.0001). To identify the best predictor of
lesions associated with concurrent HGSCs, we found that
among the BLAD lesions and in patients aged > 57,
79.7% (51/64) had concurrent HGSC compared with
52.0% (66/127) in the other group composed of all Flat
lesions and BLAD lesions in patients aged ≤ 57
(P= 0.0003). Details of these data are provided in
Supplementary Table 2, Supplemental Digital Content 2,
http://links.lww.com/PAS/B762.

In the entire cohort, we detected increased lympho-
cyte density in only 26 lesions, as compared with their
respective background mucosae, which was associated
with BLAD morphology (22/87,25%, vs. 4/ 96, 4% Flat
lesions, P< 0.0001) (Fig. 5B). This association was also
observed within the subgroup of incidental tubal precursor
lesions (BLAD, n= 21, Flat, n= 51), in which 24% of
BLAD lesions harbored increased lymphocyte density
compared with 2% of Flat lesions (2%) (P= 0.0058).
Photomicrographs of representative lesions with increased
lymphocyte density are shown in Figure 5C. Other
features, including patient age, BRCA germline mutation
status, location (fimbria versus ampulla), and p53 staining
pattern, did not significantly differ by BLAD and Flat
morphologies (all P > 0.05).

To further investigate the factors independently as-
sociated with BLAD versus Flat morphology, a multi-
variate analysis was performed. The factors studied in this
multivariate analysis included patient age, BRCA germline
mutation, concurrent HGSC, STIC versus STIL diagnosis,
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normalized Ki-67 index, epithelial stratification (single
layer versus multilayer) and lymphocyte density. After ex-
cluding indeterminate lesions and those with missing Ki-67

measures, 163 lesions were included in the multivariate
analysis.

Our analysis showed that Ki-67 index, multilayered
epithelium, and increased lymphocyte density were in-
dependently associated with the BLAD morphology,
while BRCA germline status, HGSC diagnosis, and STIC
diagnosis were not. The association between BLAD
morphology and the combination of Ki-67 expression and
epithelial stratification was examined, and a cutoff value
of normalized Ki-67 index (ratio of 5.67) was found. A
group of lesions exhibiting a normalized Ki-67 index
≥ 5.67 and multilayer epithelial stratification were most
likely to be associated with BLAD morphology (Table 2).

Comparison of the Proliferative Activity and
Aneuploidy Between BLAD and Flat Lesions

The normalized Ki-67 index of BLAD lesions
(21.3± 20.1) was higher than that in Flat lesions (6.5± 8.7)
(P< 0.0001) (Fig. 6A, left). We found a similar result in a
subset analysis of incidental tubal precursor lesions only (no
concurrent HGSC). Ki-67 index was significantly elevated
in incidental BLAD lesions (24.1± 19.5%) in comparison to
incidental Flat lesions (4.4± 4.5%) (P< 0.0001) (Fig. 6A,
right). Among the 192 lesions, we were able to find tissue
blocks still containing the lesions and retrieve a sufficient
amount of DNA from 76 lesions for RealSeqS assays
to assess amplification/gain in chromosomal regions
harboring the CCNE1 and MYC loci. We focus on these
genes because they are among the most commonly
amplified genes in HGSCs. Among the 76 lesions, the
data from 53 lesions were retrieved from our recent study.29

Using this assay, we found that CCNE1 and MYC gain
corresponded to Path 2 and Path 3 aneuploidy patterns in
the RealSeqS algorithm, respectively; therefore, we focused

FIGURE 1. Study design and case selection. A, Flowchart
schematically showing sequential case selection, pathologic
review, and data analysis. B, Diagnosis of the tubal precursor
lesions selected in the cohort.

FIGURE 2. Representative photomicrographs of STICs and STILs. H&E (first row), p53 staining (second row), and Ki-67 staining
(third row). H&E indicates hematoxylin and eosin staining.
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on comparing the occurrence of BLAD and Flat lesions in
Path 2 and Path 3. Our data showed that 25 of 36 (69%)
BLAD lesions and 10 of 38 (26%) Flat lesions had Path 2
aneuploidy pattern, while 9 of 36 (25%) BLAD lesions and
11 of 38 (29%) Flat lesions had Path 3 aneuploidy pattern.
Therefore, the Path 2 aneuploidy pattern, characterized by
CCNE1 gain/amplification, was associated with BLAD
morphology (P= 0.0004) (Fig. 6B, left). Subset analysis of
incidental tubal precursor lesions showed that 6 of 10 (60%)
BLAD lesions and 3 of 22 (14%) Flat lesions had Path 2
aneuploidy pattern. Thus, the association between BLAD
morphology and Path 2 aneuploidy pattern (CCNE1 gain/

amplification) remained significant for lesions in the
incidental subgroup (P= 0.013) (Fig. 6B, right).

Multivariate Analysis of Ki-67 Proliferation Index
Since proliferative activity is one of the most

prominent features of neoplasia, we examined which fac-
tor(s) were independently associated with an elevated Ki-
67 labeling index. Multivariate analysis showed BLAD
morphology and STIC diagnosis to be independently as-
sociated with increased Ki-67 proliferation index. As
mentioned in the previous section, the Ki-67 proliferation
index was 3.3 times higher (21.3% ± 20.1%) in BLAD

FIGURE 3. Representative STICs with BLAD and Flat features. Flat lesions with smooth and intact surface outlined by red lines (left
column); BLAD lesions with irregular surface outlined by red lines featuring budding or detached cells marked by green arrows
(right column).
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lesions than that in Flat lesions (6.5% ± 8.7%). After
adjusting for STIC diagnosis, the BLAD morphology re-
mained to be independently associated with an elevated
Ki-67 labeling index (P< 0.0001), while the presence of
multilayered epithelial stratification showed a marginally
positive association with increased Ki-67 proliferation
index (P= 0.0695). For incidental tubal precursor lesions
(no concurrent HGSC), the Ki-67 proliferation index was
5.5 times higher in incidental BLAD lesions (24.1% ±
19.5%) than in incidental Flat lesions (4.4% ± 4.5%).
Furthermore, Ki-67 proliferation index in incidental le-
sions with multilayered epithelial stratification (15.1% ±
16.8%) than in incidental lesions with a single layer of
epithelium (3.5% ± 4.5%). In multivariate analysis, both
BLAD morphology and multilayered epithelial strat-
ification were independently associated with an elevated
Ki-67 index (P= 0.0036), even after adjusting for STIC
diagnosis (P= 0.0023).

Further analysis showed that lesions which had both
BLAD morphology and the Path 2 aneuploidy pattern
had higher Ki-67 proliferation indexes than the rest
(P< 0.0001) (Fig. 7A, left). A similar finding was also

observed in the incidental subgroup of lesions without
concurrent HGSC (P= 0.0047) (Fig. 7A, right).
Photomicrographs from representative cases are shown
in Figure 7B. To determine the combination of
morphologic features that best predict the proliferative
activity in tubal lesions, we developed the following 3
groups as shown in Figure 7C: group 1 included any lesion
exhibiting BLAD morphology; group 2 included
Flat and multilayered STIC lesions; group 3 contained
all remaining lesions. Notably, these 3 groups exhibited
markedly distinct Ki-67 proliferation indices, as
determined by analysis of variance of log2-transformed
Ki-67 labeling indexes (P< 0.0001). In pair-wise
comparisons, group 1 versus group 3 and group 2 versus
group 3 significantly differed in normalized Ki-67
proliferation index (P< 0.0001). Normalized Ki-67 also
significantly differed between group 1 and group 2
(P= 0.023).

DISCUSSION
Tubal precursor lesions preceding ovarian HGSC

have been studied over the past 2 decades. Risk reduction
salpingo-oophorectomy for high-risk women and oppor-
tunistic salpingectomy for average-risk women have been
increasingly recommended because of their efficacy in re-
ducing the incidence of HGSC. The safety and efficacy of
a 2-step frimbriectomy followed by oophorectomy have
been supported by a recent study with a median follow-up
of 7.3 years.30 Given the adoption of salpingectomy as a
primary prevention strategy for HGSC, pathologists ex-
pect to encounter an increasing number of tubal precursor
lesions incidentally diagnosed without concurrent HGSC.
Since a significant number of women diagnosed with
STICs experience recurrence as a disseminated HGSC
after a 10-year follow-up,9,23,24 better understanding of the
malignant potential of tubal precursors is needed, which
starts with more detailed characterization of their mor-
phologic and molecular features.

Here, we focused on morphologic features, BLAD
versus Flat, as the foundation to explore the risk strat-
ification of incidental STICs and STILs. Although STICs
showing a discohesive growth pattern have been briefly
mentioned in a previous report16 and has been used by
some pathologists to assist in the diagnosis of an STIC,
this is the first study to investigate these 2 morphologic
subtypes of tubal precursor lesions. We carefully analyzed
morphologic heterogeneity in the largest cohort of STIC
and STIL lesions known so far for pathologic, molecular,
and clinical correlation.

The major finding in this study is the recognition of
the BLAD morphologic pattern in STICs, which includes
budding, loosely adherent, and detached tubal epithelial
cells with nuclear atypia. These features were combined for
the purpose of statistical analysis based on the assumption
that they represent discohesive STIC cells. Our data suggest
that tubal precursor lesions represent a histologically het-
erogeneous group. While the biological significance
of STIC lesions with BLAD morphology can only be

FIGURE 4. Results of classification of BLAD versus Flat mor-
phological patterns. (A) Numbers and percentages of BLAD,
Flat, and indeterminate lesions; (B) Bar graph shows diagnosis
of the lesions in each group by percentage.
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surmised, several possibilities can be considered. Cells from
morphologically BLAD STICs could be more easily ex-
foliated or dislodged from the lesion surface and spread to
adjacent organs and soft tissues such as ovary, omentum,
mesentery, and peritoneal surface, ultimately resulting in
HGSC dissemination. At the same time, BLAD STIC cells
may be more likely than Flat STIC cells to drop from the
fallopian tube into the uterine cavity and arrive at the cer-
vix, where routine liquid-based cytologic sampling akin to
Papanicolaou test can detect their presence through mo-
lecular genetic assays. It has been reported that such strat-
egies using DNA-based markers are able to detect early-
stage ovarian cancer.31

Morphologically, BLAD STICs have an increased
Ki-67 proliferation index and specific aneuploidy patterns,

including CCNE1 copy number gain, a molecular genetic
feature characterizing many HGSCs.32,33 Ki-67 pro-
liferation index is considered to represent the degree of
proliferative activity and in the current study a normalized
Ki-67 index was also used on account of variability in
baseline proliferative status. CCNE1 gain/amplification
has been validated by fluorescence in situ hybridization in
22% of STICs,19 a result similar to the data from this study
using RealSeqS. It has been reported that CCNE1 gain/
amplification also occurs in the precursor lesions of uterine
serous carcinoma,34 and the activated cyclin E1 pathway
participates in tumor initiation and progression in a va-
riety of human malignancies through promoting cell cycle
advancement, tumor cell motility, and invasion.35 The
increased Ki-67 proliferation index and CCNE1 copy

FIGURE 5. Clinicopathologic features in BLAD and Flat lesions. (A) A bar graph showing percentage of BLAD lesions with con-
current HGSC at the time of diagnosis of tubal precursor lesions; (B) A bar graph showing percentage of BLAD lesions with
increased lymphocytic infiltrate compared with Flat lesions; (C) Representative lesions with increased lymphocytes (marked by star)
compared with adjacent NFT tissue. NFT indicates normal-appearing fallopian tube.
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number of morphologically BLAD STICs raises the pos-
sibility that the BLAD morphologic pattern may increase
the fitness of tumor cells once they are relocated to the
peritoneal cavity and increase the risk of later develop-
ment of HGSC when STICs are found at the time of
salpingectomy. Since the follow-up of women with in-
cidental STICs is either not long enough or not accessible,
especially in consultation cases, we were not able to
compare clinical outcomes associated with BLAD versus
Flat tubal precursor lesions, but this will be a future goal.

We observed that BLAD morphology was more
commonly seen in specimens with concurrent HGSC. One
of the explanations is that BLAD lesions may represent
superficial spread of the HGSC rather than the bona fide
precursor lesions. If the latter were the case, it would be
challenging to depict a scenario under which the original
precursor lesion remained extant after HGSC emerges
because the bulk of tumor would likely destroy or replace
the minute in situ lesion. Indeed, next-generation se-
quencing has suggested that some of the presumed
“STICs” are metastasis derived from HGSCs rather than
true precursor lesions.36 Therefore, we believe that the
most appropriate approach to comparing BLAD and Flat
lesions is to analyze incidental lesions (no concurrent
HGSC) to exclude this confounding factor. By separating
incidental lesions from the entire cohort, we found that the
incidental BLAD lesions also have an elevated Ki-67
proliferation index, CCNE1 amplification, and an in-
creased stromal lymphocytic infiltrate.

An increased lymphocyte infiltration in some BLAD
lesions is of great interest. To the best of our knowledge,

this finding is the first analysis of the immune micro-
environment in ovarian cancer precursor lesions. Human
fallopian tubes contain a highly heterogeneous immune
cell population including CD163+ macrophages, CD11c+

dendritic cells, and CD8+ T cells, as well as several minor
populations of CD56+ NK cells, CD4+ T cells, CD20+ B
cells, TCRγδ+ T cells, and CD207+ Langerhans cells.37

Given the roles of the tumor immune microenvironment in
the development of malignancy and in determining the
efficacy of immunotherapy against tumors, our findings
point us in an important research direction to further
identify the changes in the immune landscape in STICs as
compared with normal-appearing fallopian tubes using
multiplex immunostaining or single cell spatial studies.

Since there are several features distinguishing BLAD
from Flat morphology as described herein, it is essential to

TABLE 2. Grouping the Tubal Precursor Lesions by the
Combination of Normalized Ki-67 Index (Ratio of Index in a
Lesion/Normal Fallopian Tube Epithelium) and Layering
Feature

Group Definition
BLAD
lesions

Flat
lesions Total

1 Normalized Ki-67< 5.67 16 62 78
2 Normalized Ki-67≥ 5.67 and

single layer
7 12 19

3 Normalized Ki-67≥ 5.67 and
multilayer

55 11 66

Fisher exact test shows that group is significantly associated with BLAD
(P< 0.0001).

TABLE 1. The Relevant Clinicopathologic and Molecular Features in This Cohort
All lesions Lesions without concurrent HGSC

Markers Flat n= 96 BLAD n= 87 P* Flat n= 51 BLAD n= 21 P*

Presence of a concurrent HGSC
No 51 21 < 0.0001 — — —
Yes 45 66 — — — —

STIC or STIL diagnosis
STIL 21 0 < 0.0001 20 0 0.0003
STIC 75 87 — 31 21 —

Lesion layering
Single layer 55 9 < 0.0001 26 1 < 0.0001
Multilayer 38 75 — 22 20 —
Indeterminate 3 3 — 3 0 —

Lymphocyte
Increased 4 22 < 0.0001 1 5 0.0058
Not increased 92 62 — 50 15 —
Indeterminate 0 3 — 0 1 —

Ki-67 (normalized) 6.5 ± 8.7 21.3± 20.1 < 0.0001 4.4± 4.5 24.6± 19.1 < 0.0001
Aneuploidy
2 10 25 < 0.0001 3 6 0.0063
3 11 9 — 6 4 —
4 14 2 — 10 0 —
5 3 0 — 3 0 —
N/A 58 51 — 29 11 —

Aneuploidy (path 2 vs. others)
2 6 20 0.0004 3 6 0.0126
3, 4, 5 23 9 — 19 4 —

*Fisher exact test for categorical variables, and Wilcoxon rank-sum test for continuous variables. Significance, P < 0.05.
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delineate which factors are independently associated with
these morphologic subtypes. The multivariate analysis
shows that Ki-67, multilayered epithelial stratification, and
increased lymphocyte density are independently associated
with the BLADmorphologic pattern. Furthermore, BLAD
morphology was strongly associated with the combination
of Ki-67 expression and multilayered epithelial strat-
ification. It is possible that the development of a precursor
lesion into a BLAD pattern rather than a Flat pattern
depends on increased cellular proliferation, which promotes
stratification of the lesion cells into a multilayered structure.
However, the proliferative activity itself may not be suffi-
cient to account for BLAD morphology since several Flat
lesions also showed an increase in Ki-67 labeling index. The
association between BLAD morphology and Path 2 aneu-
ploidy pattern suggests CCNE1 copy number gain/ampli-
fication may play a role.19,33

There are several limitations to this study beyond the
lack of long-term follow-up in our cohort. Although the
morphologic distinction between BLAD and Flat lesions

appears to be straightforward, we noted that 5% of the
precursor lesions fell into the indeterminate category. In
the future, it is important to further refine lesional sub-
typing using improved morphologic criteria in combina-
tion with other factors. Artificial intelligence-assisted
efforts can also be helpful. Moreover, we do not have
multiomics data from this cohort of specimens. From this
perspective, a future ovarian precancer atlas, using a for-
mat like the NCI Human Tumor Atlas Network, is needed
to better understand the pathogenesis of STICs and cat-
alog clinically aggressive types of STICs. This would be
helpful for contextualizing morphologically BLAD lesions
in the precursor landscape of the fallopian tube epi-
thelium. It is also critical to determine whether increased
cyclin E1 expression and activity contribute to the BLAD
phenotypes using fallopian tube organoid models.

In conclusion, we report 2 distinct morphologic
patterns of tubal precursor lesions with substantial
agreement among pathologists. The tubal lesions with
BLAD morphology represent ~45% of all the lesions.

FIGURE 6. Comparisons of proliferative activities between BLAD lesions and Flat lesions in the entire cohort (left) and within the
subgroup without concurrent HGSC (right). A, Scatter plots showing proliferative status, represented by normalized Ki-67 pro-
liferation index, in BLAD lesions and Flat lesions. B, Percentage in bar graphs showing the distribution of specific aneuploidy
patterns in BLAD lesions and in Flat lesions. The BLAD lesions are exclusively associated with the Path 2 aneuploidy pattern
characterized by CCNE1 amplification.
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FIGURE 7. Multivariate analysis in predicting proliferative activity. A, Scatter plots showing synergy by combining BLAD pattern
and Path 2 aneuploidy pattern to best predict elevation of Ki-67 index both in the complete cohort analysis (left) and in the
subgroup lesions without concurrent HGSC (right). B, Representative lesions of each group with H&E staining (upper row) and
with Ki-67 staining (lower row). C, Scatter plot depicting prediction of elevated Ki-67 index in 3 groups of tubal precursor lesions
defined by the combination of BLAD versus Flat pattern, layering feature, and STIC diagnosis. H&E indicates hematoxylin and eosin
staining.
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They are associated with a higher proliferative activity,
increased lymphocytic infiltrate, concurrent HGSC, and a
specific aneuploidy pattern involving CCNE1 amplifica-
tion. The morphologic patterns can be used as a basis for
clinical correlative studies aimed at risk stratifying of tubal
precursor lesions and analysis of the molecular under-
pinnings in the development of HGSC.
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