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Abstract

Objective—Many high-grade serous carcinomas initiate in fallopian tubes as serous tubal
intraepithelial carcinoma (STIC), a microscopic lesion identified with specimen processing
according to the Sectioning and Extensive Examination of the Fimbria protocol (SEE-Fim). Given
that the tubal origin of these cancers was recently recognized, we conducted a survey of pathology
practices to assess processing protocols that are applied to gynecologic surgical pathology
specimens in clinical contexts in which finding STIC might have different implications.

Methods—We distributed a survey electronically to the American Society for Clinical Pathology
list-serve to determine practice patterns and compared results between practice types by chi-square
(x2) tests for categorical variables. Free text comments were qualitatively reviewed.

Results—Survey responses were received from 159 laboratories (72 academic, 87 non-
academic), which reported diverse specimen volumes and percentage of gynecologic samples.
Overall, 74.1% of laboratories reported performing SEE-Fim for risk-reducing surgical specimens
(82.5% academic versus 65.7% non-academic, p<0.05). In specimens from surgery for benign
indications in which initial microscopic sections showed an unanticipated suspicious finding,
75.9% of laboratories reported using SEE-Fim to process the remainder of the specimen (94.8%
academic versus 76.4% non-academic, p<0.01), and 84.6% submitted the entire fimbriae.

Conclusions—Changes in the theories of pathogenesis of high-grade serous carcinoma have led
to implementation of pathology specimen processing protocols that include detailed analysis of the
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fallopian tubes. These results have implications for interpreting trends in cancer incidence data and
considering the feasibility of developing a bank of gynecologic tissues containing STIC or early
cancer precursors.
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Introduction

Historically, most pelvic high-grade serous carcinomas (HGSCs) were classified as ovarian
primary tumors, despite the lack of a defined HGSC precursor in the ovary. Subsequently,
increased performance of BRCA1/2 mutation testing and risk reducing surgery (RRS)
enabled pathologists to examine adnexal specimens from high-risk women, which resulted
in detection of a putative early malignant lesion in the distal fallopian tube, termed serous
tubal intraepithelial carcinoma (STIC). Accumulating evidence from histopathologic studies,
molecular analyses and preclinical models have strengthened the view that many HGSCs
begin as STIC and spread to the ovary and other sites secondarily [1]; however, the
frequency with which STIC is reported to be present in surgical tissue varies considerably.

STIC has been reported in 3-8% of RRS specimens [2], concurrently with HGSC in 13%—
68% of cases (mean=37% [95% CI 27%-48%]) and in less than 1% of specimens removed
for benign indications [2-8]. Although the biologic relationship of STIC to HGSC remains
undefined [9], detection of STIC is considered clinically important [10]. Specifically,
diagnosis of occult STIC may suggest the need for further staging, post-operative
surveillance and genetic testing. In cases of symptomatic HGSC, diagnosis of STIC may
affect primary site assignment and staging.

Prior to the description of STIC, pathologists typically evaluated grossly unremarkable
fallopian tubes sparingly, mostly to document their removal. However, as recognition of
STIC increased, experts began advocating for systematic sampling of the fallopian tube for
microscopic diagnosis [11-13]. The Sectioning and Extensive Examination of the Fimbria
protocol (SEE-Fim) was developed to optimize pathology processing of the fallopian tube
[12] and criteria for the diagnosis of STIC were proposed, including p53 and Ki-67 staining
[4]. Nonetheless, interobserver agreement among pathologists on the diagnosis of STIC
remains variable, and a gold standard for assessing diagnostic accuracy is needed [4, 14].
Given that STICs are asymptomatic microscopic lesions, diagnosis is highly dependent upon
the extent of processing for microscopic examination [15]. However, little is known about
how gynecologic specimens are processed in the U.S., especially with regard to sampling of
the fallopian tube and application of the SEE-Fim protocol. The dramatic increase in the
reported incidence rate of early stage tubal carcinoma suggests that pathology processing
protocols are changing and the large increases in reported rates of late stage tubal cancer
suggest that pathologists are increasingly classifying HGSC as tubal primary cancer [16,
17]. Further, increased performance of salpingectomy in the U.S. may also be contributing to
increasing incidence rates of tubal cancers [18].
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Accordingly, we conducted a survey of pathology practices largely in the U.S. to assess
methods of routine, diagnostic processing of different types of gynecologic surgical
pathology specimens.

Materials and Methods

Survey Participants

The majority of respondents were recruited through an email distributed to 20,535 usable
email addresses listed in the American Society for Clinical Pathology (ASCP) list-serve.
This list-serve consists of ASCP members and customers (non-ASCP members), of which
18,348 email addresses are associated with pathology laboratories (hospitals, independent
reference laboratories, physician office laboratories, and pathology group practices). The
majority of the list-serve members are physicians (56.3%) or technologists (39.3%), with
16.4% also serving as staff pathologists and 9.8% also serving as Laboratory Medical
Director or Assistant Director. List-serve members included hospital staff (36.6%) and
members of independent reference laboratories (8.1%). Other recruitment methods included
distribution to the National Cancer Institute (NCI) Community Oncology Research Program
(NCORP), through a network of site coordinators and cold calls to NCORP hospitals.
Respondents were asked to provide answers for their entire laboratory, and they had the
option to submit the survey via the online Google survey, fax, or email.

Survey Instrument

The survey to assess the feasibility of establishing a gynecologic specimen bank for research
was developed by the authors (GS, MES, MAD, BT), and was carried out using the Google
Survey platform (https://goo.gl/forms/CKiGG7alczShclw03). The gynecologic tissue bank
survey assessed the practice setting of the laboratory, the volume of surgical pathology
specimens processed, including the approximate annual volume, the percentage of
gynecologic specimens, and the number of RRS specimens from women at high risk for
gynecologic disease or cancer (Figure 1). The survey also included questions about whether
the laboratory has a gynecologic pathology sub-specialty sign-out. These queries provided
context for responses to questions related to pathology processing of gynecologic surgical
specimens removed for different clinical indications. The full survey is presented in the
Appendix.

Statistical Analysis

Survey responses are presented as raw frequencies and percentages for different sampling
protocols by indication and practice setting. Respondents who reported receiving RRS
specimens were asked to estimate how many specimens they processed annually, which was
converted to a categorical variable: <10 specimens, 10-20 specimens, >20-50 specimens,
and >50 specimens. Respondents provided 41 free text comments which were summarized.
Results were compared by chi-square (- 2) tests for categorical variables using Stata/IC
version 14 (StataCorp, College Station, TX, USA).
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Pathology Practices

We received 159 survey responses; 72 (45.3%) from academic practices and 87 (54.7%)
from non-academic practices (private hospitals, laboratories affiliated with managed health
organizations, or private laboratories) (Figure 1). Pathology laboratories from academic
practices were more likely than those from other practice types to report higher annual
volumes of surgical pathology specimens and higher percentages of gynecologic specimens
(Table 1). The majority of academic practices reported annual surgical pathology specimen
volumes of 10,000-50,000 (65.3%), whereas the most frequent volumes among non-
academic practices were <10,000 (44.8%). Across practice types, most laboratories reported
that 10%—-20% of surgical pathology specimens were from gynecologic organs (Figure 1);
this category included a higher percentage of academic practices than non-academic
practices (61.1% vs. 43.7%) (Table 1).

Laboratories from academic practices were significantly more likely than non-academic
practices to report having a gynecologic pathology sub-specialty sign-out [x 2 (degrees of
freedom (df)=2, N=157) = 30.96, p<0.001]. Although RRS specimens were handled by 102
of 159 of practices (72.3%), these cases were more common in academic practices (87.5%)
vs. non-academic settings (59.8%). Laboratories reported estimated annual numbers of RRS
specimens ranging from 1 to >50. Laboratories from academic practices were somewhat
more likely to report higher estimated annual numbers of RRS specimens than non-
academic practice types.

Processing Gynecologic Tissue

Laboratories were asked about how their laboratories processed gynecologic specimens in
different clinical contexts (Figure 2 and Table 2). Overall, 74.1% of laboratories reported
using SEE-Fim to process RRS specimens and 56.9% reported using SEE-Fim to process
HGSC (stages I, 1, I11AI) (Figure 2). In the context of surgery for benign indications, final
specimen processing was related to microscopic findings in the initial sections submitted;
when first sections demonstrated STIC, epithelial atypia or occult cancer, 75.9% of
laboratories reported use of SEE-FIM to process the remainder of the specimen and 84.6%
submitted the entire fimbriae. Further, the non-fimbriated tube and ovaries were also
extensively sampled. In contrast, when suspicious or malignant lesions were not found
microscopically in initial sections examined from surgeries performed for benign
indications, only 18.9% of laboratories reported performing SEE-Fim, and 38.2% reported
microscopically examining the fimbriae in its entirety; generally, the remaining tissues were
less extensively sampled (Figure 2).

Processing of RRS specimens varied by practice setting (Table 2): 82.5% of academic
laboratories reported processing these specimens using SEE-Fim, whereas that protocol was
followed by only 65.7% of non-academic practices (x 2 (df=2, N=135) = 6.12, p<0.05),
Similarly, in the context of surgery for benign indications in which initial microscopic
sections showed STIC, epithelial atypia in ovary or occult cancer, academic centers were
more likely to submit the entire fimbriae for microscopy (94.8% vs. 76.4%, x 2 (df=2,
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N=130) = 9.19, p<0.01), and to submit ovaries and tubes entirely from RRS and surgery for
benign indications in which potential abnormalities were identified (p<0.01, p<0.05,
respectively) (Table 2).

Use of Immunohistochemistry to Examine Fimbriae

Most laboratories reported that the decision to perform immunostains for Ki67, p53 and
other markers to assess the fimbriae was based on the initial morphologic impression based
on examination of hematoxylin and eosin stains (N=92, 61.7%). Compared with non-
academic practices, academic practices were more likely to apply stains (73.2% vs. 51.3%,
x2 (df=2, N=149) = 7.59, p<0.01) (data not shown).

Contributing Tissue and Pathology Reports

The majority (63.8%) of laboratories indicated a potential willingness to provide de-
identified blocks and matched pathology reports to support a national specimen bank.
Laboratories from academic practices more often indicated willingness than those from non-
academic practices (73.2% vs. 55.6%, x 2 (df=2, N=152) = 5.12, p<0.05) (data not shown).
Potential barriers to providing de-identified blocks include lack of resources, funding or
personnel, and concerns related to laboratory management, patient consent, and institutional
review board approval.

Discussion

Survey responses from 159 pathology practices indicate that approximately 75% of
laboratories apply SEE-Fim to RRS specimens and specimens removed for benign
indications when STIC, tubal atypia or cancer is identified. Slightly over 50% of laboratories
reported applying SEE-Fim to HGSC specimens (stage I1li or earlier). Few laboratories
submit entire ovaries or endometrium for microscopy, irrespective of clinical setting.
Academic laboratories are more likely to perform extensive sampling than non-academic
laboratories, although differences between academic and non-academic laboratories could be
confounded by other features that we did not analyze. While our results are based on
responses from a limited portion of U.S. pathology practices, they reflect the diversity of
U.S. pathology laboratories. The results suggest that pathologists give considerable attention
to microscopic examination of the fallopian tubes when a diagnosis of STIC or early tubal
carcinoma is present, and a small but considerable percentage of laboratories also sample the
tube extensively in cases of clinically symptomatic HGSC. These findings mirror results of a
previous international survey of 173 pathologists and 101 clinicians, which showed that
many physicians have embraced a tubal origin of HGSC and that clinicians in particular are
concerned with defining the primary site of tumor origin [10].

Clinical studies assessing the prognosis of isolated STIC are limited in size and follow-up
time, which precludes formulation of evidence-based management guidelines. A literature
review through 2016 identified 103 reported cases of isolated STIC [19], mostly found in the
context of RRS for BRCA1/2 mutation. Suggested management of STIC ranges from
observation to performance of surgical staging and treatment [20, 21]. In a small clinical
series, positive peritoneal cytology was reported among 12% of patients with isolated STIC
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and cases have been described in which surgical staging prompted by detection of STIC led
to identification of occult cancer (reviewed in [19]). These findings indicate the possibility
of tumor spread beyond the fallopian tube when STIC is found, which may affect
management. Some studies suggest that development of primary peritoneal carcinoma after
reportedly benign gynecologic surgery may represent delayed recurrences of occult cancers
derived from undetected STIC [22, 23]. While risk of short-term recurrence among women
with isolated STIC is probably low, detection of STIC likely remains important as an
indication for genetic counseling and testing, which could have implications for prevention
of cancer at other sites and for family members.

The American College of Obstetricians and Gynecologists suggests that gynecologists
counsel average risk patients about salpingectomy when planning gynecologic surgery for
benign disease or tubal ligation in order to lower ovarian/tubal cancer risk [24]. Clinical
trials to assess whether salpingectomy with delayed oophorectomy among BRCA1/2 carriers
can reduce HGSC risks, while avoiding adverse consequences of early menopause have been
initiated [25]. Increased use of salpingectomy for risk reduction or in the context of benign
gynecologic surgery has important implications for cancer surveillance because registries do
not adjust at-risk populations for removal of target organs, leading to an under-estimate of
population-based incidence rates. However, performance of salpingectomy with SEE-Fim
may increase detection of early stage tubal cancers and STIC, thereby elevating incidence
rates among younger women and potentially leading to “over-diagnosis” (detection of
lesions without clinical significance). Additionally, given that many pathologists classify
HGSC associated with STIC as tubal cancer [10, 13], the incidence rates of tubal cancers are
increasing [16].

Given that the term STIC is not included as a specific diagnosis in the Surveillance,
Epidemiology, and End Results Program (SEER) [16, 26], and that pathologists are using
variable procedures for processing of gynecologic specimens, incidence rates for
gynecologic cancers may become increasingly difficult to interpret. Immunohistochemistry
for p53 and Ki-67 may improve reproducibility of the diagnosis of STIC [4, 27], and it has
been proposed that staining for laminin y1 (LAMCL) and high-mobility group AT-hook 2
(HMGAZ2) may also have value [28, 29]. Primary tumor assignment is further complicated
by molecular analyses, suggesting that when STIC and cancer are found in the same woman,
the two lesions are not always related [8, 30—-32]. Improving management of STIC relies on
a better understanding of : 1) the percentage of HGSC that originate as STIC; 2) the clinical
implications of STIC, especially without further treatment and 3) age-specific incidence of
STIC by population demographics. Further, it is unclear whether prior chemotherapy for a
preceding cancer (e.g. breast cancer) or neoadjuvant therapy for HGSC can induce
regression of STIC; while one report suggests that STIC remains detectable after these
treatments, additional studies are needed [33]. Nonetheless, the increased use of SEE-Fim
suggests that a biobank could be established by pooling selected specimens from multiple
laboratories that routinely apply standardized rigorous sampling protocols, thus creating a
resource to study these issues [34]. A network comprised of pathology laboratories that
routinely perform SEE-Fim could enable retrospective collection of blocks of STIC and
benign tubes for molecular analysis.
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Given that STIC and occult tubal HGSCs are primarily microscopic diagnoses, the extent
and meticulousness of histopathologic processing has a direct impact on detection of these
lesions, which has potential implications for clinical management, cancer surveillance and
research. Previous studies have recommended slicing of RRS specimens into thin (2mm)
tissue sections with microscopic examination of each section, coupled with peritoneal
washes, to optimize detection of occult early tubal carcinoma in high-risk women [15, 35].
A study applying systematic processing of fimbriae from 522 average-risk women
undergoing salpingectomy for benign indications revealed 4 cases of STIC, 3 of which
would have otherwise gone undetected using routine sampling, which historically involved a
single representative tissue section from the non-fimbriated portion of the fallopian tube
[36]. In a study applying SEE-Fim to 300 salpingectomy specimens from surgeries for
gynecologic conditions, 12 cases of serous carcinoma were found to have STIC, while 56
additional serous carcinoma cases were originally negative for STIC [33]; however, a
follow-up study in which fallopian tube tissue of the negative cases underwent additional
sectioning at a level of 100 pm deeper in the block identified an additional 4 STICs [6].
Together, these studies indicate that more extensive fallopian tube sampling (concentrating
on the fimbriae and distal tube) for microscopy may increase the detection of STIC, as these
lesions may occur in an irregular or sparse distribution.

A recent report found remarkable molecular similarities between HGSCs associated with
STIC and those in which STIC was not found [9], but whether this reflects a failure to detect
STIC or pathogenesis through a pathway that does not involve STIC is an important
unresolved question with implications for early detection and prevention. More thorough
understanding of these critical topics would likely require research infrastructure that
leverages existing practices that trend towards routine performance of SEE-Fim and more
extensive specimen processing, which will enable more comprehensive molecular pathologic
analysis and increased detection of small early lesions, including tubal lesions of uncertain
biological potential.

In summary, our analyses of gynecologic specimen processing in a diverse set of 159
pathology laboratories suggest that a substantial percentage of laboratories use SEE-Fim or
extensive processing of the tubal fimbriae for RRS specimens and when incidental
suspicious or neoplastic lesions are found unexpectedly. However, fewer laboratories
perform SEE-Fim to process HGSC cases, despite guidelines that support this approach,
presumably because management would not be affected currently. National efforts are
needed to encourage implementation of standardized processing protocols for gynecologic
specimens to improve monitoring of population-based incidence and mortality rates by
registries and to facilitate organized specimen biobanking to facilitate research to improve
management of HGSC.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Survey to assess processing protocols of gynecologic surgical pathology
specimens
. Majority of pathology labs perform SEE-Fim on risk-reducing specimens
. Most labs perform SEE-Fim on benign specimens if first sections are
suspicious
. Results suggest detailed processing of fallopian tubes pathology specimens
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Practice Setting Annual Volume of Surgical
(N=159) Pathology Specimens (N=159)

® Academic m<]0K
Pvt Hospital 10-25K
= HMO m>25-50K
m Pvt Lab m>50K
Proportion of Gynecologic Estimated Annual Number of Risk-
Specimens (N=159) Reducing Surgery Specimens (n=102)
m<10% m<10
10-20% 10-20
m>20-50% m>20-50
m>50-100% m>50

Figure 1.
Distribution of laboratory practices, and across laboratory practices of volume of surgical

specimens, proportion of gynecologic specimens and volume of risk-reducing surgical
specimens.
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Surgery for Benign Indications
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Figure 2.
Distribution across laboratory practices of gynecologic tissue processing (SEE-Fim, fimbria,

non-fimbria, ovary, and endometrium) by surgery (benign, risk-reducing or carcinoma).
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Table 1

Volume of Gynecologic Tissue Samples by Practice Type

Academic Non-Academic
N (%) N (%)

Annual Surgical Pathology Specimen Volume ***(Academic:72, Non-Academic=87)

<10K 10 (13.9) 39 (44.8)
10-25K 25 (34.7) 26 (29.9)
>25-50K 22 (30.6) 11 (12.6)

>50K 15 (20.8) 11 (12.6)

Proportion of Gynecologic Specimens **(Academic:72, Non-Academic=87)

<10% 7(9.7) 27 (31.0)
10%-20% 44 (61.1) 38 (43.7)
>20%-50% 16 (22.2) 15 (17.2)

>50%-100% 5(6.9) 7(8.1)

Sub-Specialty Sign-Out ***(Academic=71, Non-Academic=86)
No 26 (36.6) 69 (80.2)
Yes 45 (63.4) 17 (19.8)

Receive Risk-Reducing Surgery Specimens ***(Academic:72, Non-Academic=87)
No 9(12.5) 35(40.2)
Yes 63 (87.5) 52 (59.8)

Estimated Annual Number of Risk-Reducing Surgery Specimens (Academic=57, Non-Academic=45)

<10 8(14.0) 13 (28.9)
10-20 14 (24.6) 15 (33.3)
>20-50 19 (33.3) 6(13.3)
>50 16 (28.1) 11 (24.4)
Aok
p<0.01
A kA
p<0.001
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