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Abstract

Intra-epithelial fallopian tube neoplasia is thought to be a precursor lesion to high grade serous
carcinoma of the Mullerian adnexae, particularly in women with BRCA1 or BRCA2 mutations.
This association has led to recommendations to assess fallopian tubes for intraepithelial atypia.
However, the diagnostic reproducibility of a diagnosis of intraepithelial neoplasia is unclear. In
this study, two gynecologic pathologists independently evaluated sections of fallopian tubes from a
sample of women (N=198, 623 slides) undergoing salpingectomy. 101 (54%) women were
undergoing risk-reducing salpingo-oophorectomy. Pathologists were blinded to patient histories
and prior diagnoses. Pathologists rendered one of three diagnoses for each slide: “Negative for
FTIN,” “Indeterminate for FTIN,” or “Definite for FTIN.” Cases that were considered by
histology definite for fallopian tube intraepithelial neoplasia (FTIN) or suspicious for FTIN were
stained with p53 and Ki67. Pathologists agreed on the diagnosis of “definite for FTIN” 61.5% of
the time. There was no agreement on any cases for the diagnosis of “indeterminate for FTIN.”
Fifteen “indeterminate for FTIN” and twelve “definite for FTIN” cases were stained with p53 and
Ki67. Two of the “indeterminate” cases (13%) had p53-positive foci. Five of the “definite” cases
had p53-positive foci. In three of the other 8 “definite” cases, there was obvious carcinoma
present, but the carcinoma did not stain with p53, suggesting a possible null phenotype. We
propose that immunostains should only be used to aid in the diagnosis of FTIN in cases with
indeterminate histology. The use of p53 immunohistochemistry in cases that were considered
“definite for FTIN” by histology was minimally helpful, and in fact often served to further confuse
the diagnosis.
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INTRODUCTION

Our understanding of the oncogenesis of serous carcinoma of the Mullerian adnexa has
changed dramatically over the last 15 years. Ovarian carcinomas were originally thought to
arise from the surface epithelium of the ovary, but recent studies suggest that these
neoplasms often arise from the epithelium of the fallopian tube.1:2 Intra-epithelial neoplasia
of the fallopian tube is also often seen in women with “ovarian” serous carcinoma, with co-
occurrence rates of up to 71%.13 More recent sequencing analyses suggest that intra-
epithelial neoplasia is often the source of metastatic high-grade serous carcinomas.?4 In
women with BRCA1 or BRCAZ mutations, most occult high-grade intraepithelial neoplasms
or microinvasive carcinomas identified at the time of risk-reducing surgery are located in the
fallopian tube, not the ovary.>-9 Given these findings, intraepithelial neoplasia of the
fallopian tube, particularly the distal end (fimbriae), is thought to be a precursor to serous
carcinoma.10-13 This has led to recommendations to completely section and evaluate the
fallopian tubes in high risk women undergoing risk-reducing surgery.14.15

Now that the fallopian tube epithelium is more closely examined, a spectrum of atypical
lesions has been identified. The lesion that is most strongly associated with serous
carcinoma is serous tubal intraepithelial neoplasia (STIN) (also known as serous tubal
intraepithelial “carcinoma”, or STIC). STIN is considered a neoplastic process of the
epithelial cells of the fallopian tube without evidence of invasion. The proposed diagnostic
criteria for STIN are a discrete population of cells with marked nuclear atypia,
hyperchromasia, increased nuclear-to-cytoplasmic ratios, and loss of cilia and cell polarity.
20.21 | addition, Gross et al (2010)22 requires that STIN has increased expression of Ki67
and increased expression (overexpression) or complete loss of p53 (null-type expression
pattern). STIN is a potential misnomer in that it has been seen in the setting of non-serous
neoplasia, such as endometrioid carcinoma and carcinosarcoma.16-18 We therefore prefer
and use the term “fallopian tube intraepithelial neoplas(ia/m)” or “FTIN”, which will be
used in place of STIC/STIN moving forward in this manuscript.

In addition to FTIN, two other types of pathological lesions have been reported in the
fallopian tube - the so-called “p53-signature” and serous tubal intraepithelial lesion (STIL).
P53-signatures are contiguous patches of fallopian tube epithelial cells that appear normal
histologically but have increased p53 signal on immunostaining. STIL is a poorly defined
lesion; various groups report slightly different diagnostic criteria. STIL can be somewhat
vaguely described as intraepithelial atypia of the fallopian tube that does not meet diagnostic
criteria for FTIN. Cass ef al. (2014)1° defines STIL as “mild nucleomegaly with
inconspicuous nucleoli, mildly increased nuclear to cytoplasmic ratio and/or slight loss of
cellular polarity.” Gross et al. (2010)2° has a broad definition of STIL that includes epithelial
atypia that falls short of FTIN and normal-appearing epithelium with aberrant expression of
p53 and Ki67. There is no clear evidence that STIL is a precursor to carcinoma,!® and the
exact clinical implications of a diagnosis of STIL are unclear. Complicating evaluation,
normal fallopian tube epithelium varies widely in its appearance, particularly in
premenopausal women in which the fallopian tube responds to hormonal variation.?1.22
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However, it is unclear these diagnostic criteria for FTIN and STIL are reproducible. A
handful of studies have noted problems with interobserver variability in making these
diagnoses. Prior studies have all used « statistics to report inter-observer agreement. Carlson
et al. (2010)23 studied inter-observer agreement using hematoxylin and Eosin (H&E) in
conjunction with p53 and Ki-67 immunohistochemistry (IHC), and the researchers reported
x’s of 0.333 (“fair”) to 0.453 (“moderate”). Visvanathan er a/. (2011)24 found that a
diagnosis of FTIN versus not FTIN had “fair” agreement (x = 0.39) using histology alone,
but improved with the use of immunohistochemical stains (x = 0.73). This study also
reported inter-observer agreement in the diagnosis of STIL based on histology alone (atypia
less than FTIN): x« = 0.11 (“poor™). Using IHC, improved agreement on the diagnosis of
atypia (STIL), but the x statistic was still only “moderate” at 0.51. Vang et al. (2012)2°
expanded on this work, testing their histologic and immunohistochemical definition of FTIN
and STIL on pathologists who were not involved in the original study defining the diagnostic
criteria. The interobserver variability had a x of 0.67 after participants took part in training
via a website. Lastly, Kuhn et al. (2012)26 report that Ki67 is statistically higher in FTIN and
high-grade serous carcinoma compared to normal fallopian tube epithelium and is thus a
valuable diagnostic tool. It is important to note that the kappa statistics in these studies are
difficult to interpret due to the variability in the frequency of FTIN in the study sets.

Visvanathan et al. (2011)%* and Vang et al. (2012)2° proposed a clinical algorithm that
requires evaluation of all fallopian tube epithelium by both H&E and immunohistochemical
stains for p53 and Ki67, which they justified by their reported improvements in « statistics.
According to this algorithm, fallopian tube epithelium without epithelial atypia should be
stained with p53 and Ki67, and if both are aberrant, this would warrant a diagnosis of
“STIL.” Use of this algorithm in the clinical setting can be problematic. Aberrant expression
of p53 and ki67 has a high occurrence in even low-risk populations.2’-2% Ki67 is non-
specific, and can be increased in reactive conditions. In addition, the fallopian tube
frequently has foci of at least mild atypia.2122 The use of immunohistochemistry to evaluate
all fallopian tubes or even those with mild atypia would likely result in overdiagnosis and
unnecessary worry on part of the clinician and patient.

For these reasons, we believe that the current published diagnostic guidelines may be
misleading to the pathologist in diagnosis of these lesions. Based on our experience, we
hypothesized that it would be beneficial to reserve the use of immunohistochemical stains
for uncertain circumstances, rather than applying stains uniformly to all lesions of the
fallopian tube. In the current study, we present an alternative clinical algorithm.

MATERIALS AND METHODS

We performed a cross-sectional observational study of salpingectomy specimens. Our
sample consisted of 101 cases and 97 controls who had surgeries performed at our institution
between 1999 and 2010. Cases were women undergoing risk-reducing salpingectomies or
salpingoophorectomies for reasons including genetic predispositions, positive family
histories, or personal breast cancer histories (see Table 1). Controls were women who had a
salpingectomy as part of surgeries for various other benign reasons, such as leiomyomata or
endometriosis. Nine patients (4.5%) had been given a diagnosis of “intraepithelial
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neoplasia,” “carcinoma in situ,” or “epithelial atypia” when their case had been initially
evaluated. A diagnosis of FTIN was not part of the selection or exclusion criteria. Eight
patients (4.0%) had been given a diagnosis of serous carcinoma. These patients were
identified through our tissue bank database. This study included all patients from 1999 to
2010 who had consented to have clinical information and tissue collected, and had provided
follow up data. Patients without H&E slides available for review were excluded from the
study. After exclusions, slides from 198 patients were reviewed. Fallopian tubes from all 198
patients had been serially sectioned and entirely submitted, resulting in a different number of
slides per patient (based on size and sections needed). Each slide was randomly assigned a
three-digit identifier and reviewed independently of all other slides from the same case.

Two experienced gynecologic pathologists independently performed evaluations of the H&E
-stained slides. Identifying information was removed from the slides. One of the pathologists
had seen some of the cases previously at the time of initial pathology, but this study was
performed after a significant amount of time had passed, and slides were reviewed out of
context of the original case. Pathologists were not aware of prior diagnoses, case/control
status, or the relative proportions of cases and controls. In total, 623 slides of fallopian tubes
were reviewed, with multiple sections of fallopian tube on each slide. As this was a
retrospective study, the SEE-Fim protocol3C was used in the risk-reduction surgeries,
whereas only representative sections were taken in the control cases. To control for this, we
kept the number of slides per case included in the study consistent between cases and
controls. On average, 3.15 slides per case were reviewed for the cases and 3.13 slides per
case were reviewed from controls. In total, approximately 3,015 sections of fallopian tube
were reviewed. The pathologists reported reviewing a slightly different number of sections
of fallopian tube (2,994 vs 3,036) due to disagreement as to what constituted a “section”
(e.g. should a fragment count or how to interpret sections of fimbriae).

The pathologists categorized each fallopian tube section based on histology alone using the
following classifications: negative for FTIN, indeterminate for FTIN, and definite for FTIN.
“Definite for FTIN” was defined as “A discrete population of epithelial cells with moderate-
to-severe nuclear atypia with stratification OR severe nuclear atypia alone.” Indeterminate
for FTIN was defined as “A discrete population of cells with moderate nuclear atypia
without stratification.” Negative for FTIN was defined as “Epithelium that is cytologically
and architecturally normal or has only mild nuclear atypia.” Carcinoma was also identified
on some slides. Diagnoses of carcinoma and FTIN were not mutually exclusive.

To further refine diagnoses and establish utility of immunohistochemical stains, cases
designated indeterminate for FTIN or definite for FTIN were stained with p53 and Ki67.
The immunohistochemical stains were prepared in a College of American Pathologists—
accredited diagnostic immunohistochemistry laboratory using standardized protocols.3! In
brief, 4-um tissue sections cut on charged slides, were deparaffinized on a fully automated
autostainer (Bond I11; Leica Biosystems, Wetzlar, Germany) using a proprietary Bond dewax
solution that contains no xylene. There were three applications of the Dewax solution
followed by three applications of 100% ethanol and then three applications of Bond wash
solution. Antigen retrieval was performed on a Bond 111 using either ER1 (citrate with a pH
range of 5.9-6.1) or ER2 (EDTA with a pH range of 8.9-9.1) buffers for 20 minutes. After
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rinsing and endogenous peroxidase blocking, a post primary immunoglobulin G (IgG) linker
was applied, followed by several rinses with the Bond wash solution and a deionized water
rinse. The slides were incubated for 15 minutes with primary mouse antibodies and rinsed
multiple times with Bond wash solution. Then, a polymer anti-mouse poly-horseradish
peroxidase-1gG was applied, and slides were incubated for 8 minutes with polymer
detection reagent (Bond Polymer Refine Detection kit; Leica Biosystems), then rinsed
multiple times. 3,3”-Diaminobenzidine tetra hydrochloride chromogen was allowed to
precipitate for 10 minutes, and then slides were counterstained with hematoxylin for 5
minutes. P53 staining was performed using the DAKO M7001 antibody, DO-7 clone, a
dilution of 1:1000, and pretreatment with ER2 for 20 minutes. Ki67 staining was performed
using the DAKO M7240 antibody, MIB-1 clone, a dilution of 1:100, and pretreatment with
ER2 for 30 min. Positive controls were performed to evaluate for appropriate staining. All
IHC slides were reviewed by two physicians, one of whom was a dedicated gynecologic
pathologist and the other a senior level trainee. Intensity of staining in cells suspicious for
FTIN was compared to baseline intensity of staining in the surrounding normal-appearing
fallopian tube epithelium, and judgments of either “increased staining” or “no increased
staining” were made by the reviewer.

One case called indeterminate for FTIN and one case called definite for FTIN could not be
stained due to missing material. Following pathology evaluation, slides were unblinded and
results from the same cases were grouped together. Cohen’s x was used to measure inter-
rater agreement. All analyses were performed using R v3.4.0.

Table 2 provides clinical demographics of cases and controls. The average age of the women
in our groups at the time of surgery was 48.8 years. Of the 101 women who reported a
menopausal status, 45 (44.6%) were pre-menopausal, 45 (44.6% were post-menopausal, and
11 (10.9%) were peri-menopausal. Menopausal status was only reported in 4 of the control
patients (see Table 2).

Twenty-seven of 623 slides were given a diagnosis of indeterminate for FTIN or definite for
FTIN by at least one pathologist based on histology alone (see Figure 1 for examples). Table
2 provides those data based on case versus control designation. Diagnoses of “definite for
FTIN” or carcinoma were only made (by either pathologist) in high risk women undergoing
RRSO (cases), while diagnoses of “indeterminate for FTIN” were made in both cases and
controls (7.9% of cases and 7.2% of controls). Six slides from 5 different women (all cases)
were given a diagnosis of carcinoma. Table 3 details the number and percentage of negative,
indeterminate, and definite for FTIN diagnosed by each pathologist, as well as the percent
agreement between the two pathologists. Pathologists agreed on a diagnosis of “negative for
FTIN” 97% of the time. They agreed on a diagnosis of “definite for FTIN” 61.5% of the
time. Pathologists did not agree on any cases that were diagnosed as “indeterminate for
FTIN” (0.0%). K statistics32 were calculated for overall agreement on negative,
indeterminate for FTIN, and definite for FTIN, based on diagnoses made on individual
slides. There was weak agreement (0.449) when using an unweighted «x, but using a
weighted (squared) x provided a statistic showing moderate agreement (0.657) (see Table 4).
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Cases with invasive neoplasm (invasive carcinoma) showed excellent inter-rater agreement
(x=0.91).

Slides from cases that had been called either “indeterminate for FTIN” or “definite for
FTIN” by at least one pathologist were stained with p53 and Ki67 (25 slides in total). Fifteen
of these cases were called indeterminate for FTIN by at least one pathologist, and twelve
cases were called definite for FTIN by at least one pathologist. In two cases, one pathologist
rendered a diagnosis of definite for FTIN and the other rendered a diagnosis of
indeterminate for FTIN (this accounts for the discrepancy in the sum). In all cases of
“indeterminate for FTIN,” there was no concordance between the pathologists. Of the 12
“definite for FTIN” cases, the pathologists agreed on 8 cases.

Of the indeterminate for FTIN cases, corresponding p53+ foci were identified in two cases
(13%), consistent with a diagnosis of FTIN. (See Table 5.) Of the definite for FTIN cases,
corresponding p53+ foci were identified in 5 of the blocks (42%), supporting a diagnosis of
FTIN. In 4 of these 5 cases, Ki67 staining was increased, further supporting the diagnosis. It
is important to note that diagnoses of carcinoma and FTIN were not mutually exclusive.
Slides could contain separate foci of carcinoma and FTIN and both were reported. Four of
the 12 blocks with diagnoses of “definite for FTIN” had, in addition, obvious carcinoma
that, interestingly, did not stain strongly positive for p53 (see Figure 3), raising the
possibility of neoplasms with p53 null-type expression patterns. In 3 of these 4 cases, Ki67
was at least mildly increased in the regions of histologic atypia. It was difficult, if not
impossible, to identify p53 null FTIN in all cases due to the nature of the stain and small size
of the lesions. Thus, 9 of the 12 (75%) “definite for FTIN” cases either had p53+ foci (5 of
8) or possible p53 null-type foci (4 of 8). Ki67 staining supported this diagnosis in 7 of 9
cases. However, Ki67 was also focally increased in one additional case with no suspicious
p53+ foci or evidence of null phenotype. This case had originally been considered
“indeterminate for FTIN,” and we suspect this increased Ki67 is reactive.

As previously stated, in the 12 “definite for FTIN” cases, there was discordance between
pathologists in 4 cases, and agreement in 8 cases. Of the 8 concordant “definite for FTIN”
cases, 7 (88%) had corresponding p53-positive foci or were potentially null-type. In the one
case in which there was consensus on the diagnosis, but no p53-positive foci or null-type
findings, the H&E recut that was made at the time of the IHC stains was reviewed. A
“definite for FTIN” lesion was no longer identified on the H&E recut, and thus was
presumably lost on the IHC slides as well.

K statistics were re-calculated after final diagnoses based on immunohistochemical stains
were made. The unweighted x was 0.788. The weighted x (equal) was 0.842, and the
weighted « (squared) was 0.871 (see Table 4).

DISCUSSION

In the literature, it has been proposed that FTIN, STIL, and the p53-signature are part of a
biologic spectrum that progress from normal fallopian tube epithelium to invasive
carcinoma.1®28:33 Crum et al. (2007)15 suggests that the progression begins with p53
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mutations causing a p53 signature, continues to STIL, then FTIN, and finally to invasive
carcinoma. For this reason, it has been suggested that pathologists should look for p53
signatures, STIL, and FTIN in fallopian tubes. However, the clinical significance and
diagnostic reproducibility of these diagnoses are unclear.

Regarding the clinical significance of these diagnoses, the proposed biologic continuum?® is
a plausible theory, but there are limitations. First of all, p53 signature lesions are much more
common than would be expected. A large percentage of women (26-47%) with and without
known BRCA mutations have been found to have p53-signatures in the fallopian tubes.
19.33.34 The high frequency of p53 signatures in women at low risk for ovarian carcinoma
suggest that if it is a precursor lesion, p53 signatures rarely progress to a neoplastic lesion.
Additionally, not all so-called STIL’s overexpress p53, so the natural progression is
somewhat muddled. While most agree that high grade FTIN is a precursor to invasive
carcinoma, the biological significance of p53-signature and STIL is not yet fully understood.

Studies suggest that the prognosis of a diagnosis of FTIN is good. While it is generally
accepted that FTIN is a precursor to high grade serous carcinoma, there is evidence that
patients with isolated FTIN have favorable outcomes,35-37 though the number of patients
with long-term follow up is limited, and some have been treated with chemotherapy.38 There
is a growing consensus that treatment of isolated FTIN does not require adjuvant
chemotherapy, particularly in patients with negative cytology and complete resection and
pathologic evaluation of both fallopian tubes.3® However, studies are still mixed.40:41

Regarding the diagnostic reproducibility, the diagnosis of so-called “STIL” and “FTIN” of
the epithelium of the fallopian tube is challenging. Clinical algorithms using p53 and Ki67
immunohistochemistry have been proposed to aid in the diagnosis.2425 The previous studies
on interobserver variability by Vang, Visvanthan, and Carlson23-25 reported diagnostic
reproducibility using « statistics, and demonstrated «s ranging from 0.11 to 0.73. One of the
limitations of our current study and prior studies is the use of a « statistic in evaluating a rare
event. The « statistic is best-suited for frequent events and is artificially low when dealing
with rare events, as is the case in our study. However, we used « statistics to be comparable
to prior literature, and additionally, we report the percentage of agreement, providing
additional evidence of agreement. A second limitation of both our study and prior studies is
the lack of ground truth in diagnosing FTIN. There is no independent means to identify
FTIN, and thus no way to determine if either pathologist is accurate in their diagnoses.
However, the fact that FTIN was only identified in the high-risk group and not in any of the
average-risk women lends credibility to our diagnoses, as it would be rather unlikely to
identify FTIN in a sample of 98 average-risk women. Regardless, we hope we have
demonstrated in this study the significant inter-pathologist variability in diagnosing FTIN.

In our study, based on histology alone, pathologists had relatively good concordance in
making a diagnosis of definite for FTIN. Criteria used to identify cases that were definite for
FTIN included severe nuclear atypia and moderate nuclear atypia with associated nuclear
stratification. Conversely, there was no agreement between pathologists on what should be
considered “indeterminate for FTIN.” In support of the reliability of the FTIN diagnosis,
FTIN was only identified in women with at increased risk of ovarian carcinoma based on
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genetic results or family history while atypia was identified in both cases and controls.
Although, the x statistics improved following the use of immunostains, we find that they
have limited utility. Immunostains served to change diagnoses of indeterminate for FTIN to
negative for FTIN, and confused diagnoses in cases that were definite for FTIN by histology
and agreed upon by both pathologists. For this reason, at our institution, we use an
alternative diagnostic algorithm for atypical lesions in the fallopian tube epithelium.

Our proposed algorithm is summarized in Figure 4. Lesions that meet criteria for FTIN by
histology (based on nuclear atypia and nuclear stratification) are given a diagnosis of FTIN
and do not require additional studies (IHC). Cases that are considered indeterminate for
FTIN are stained with p53 and Ki67. Strong p53 staining is supportive of a diagnosis of
FTIN. Ki67 staining can help support the diagnosis, but absence of increased Ki67 staining
should not exclude a diagnosis of FTIN. Cases that show no increased p53 or Ki67 staining
are considered non-neoplastic in our algorithm. However, it is important to note lack of
increased p53 staining does not truly exclude a diagnosis of FTIN; we simply do not have
diagnostic evidence of the presence of FTIN and would not want to unnecessarily treat a
patient for FTIN. Similarly, in the one case with increased Ki67 staining, but no increase in
p53 staining or evidence of null phenotype, we are unable to deliver a diagnosis of FTIN.
The increased Ki67 in these kinds of cases is non-specific and could be indicative of a
reactive, not neoplastic, lesion. In these cases, we render a diagnosis of indeterminate for
FTIN, but favor a reactive etiology.

After using immunostains in cases of indeterminate for FTIN and definite for FTIN and
following our proposed clinical algorithm, the x statistics improved. This improvement was
due to clarification of diagnosis in the indeterminate category, which prior to immunostains
had no agreement between pathologists. Immunostains for p53 and Ki67 performed on cases
that were diagnosed as definite for FTIN either supported the histologic diagnosis (41.7% of
cases) or were suggestive of a possible null-type p53 phenotype (25% of cases), which only
served to further confuse the diagnosis. Immunostains on cases that were worrisome, but not
definite for FTIN, identified a p53+ FTIN lesion in 13% of cases. However, as was seen in
the “definite for FTIN” cases, a negative stain (p53 null-type phenotype neoplasms) is
challenging to evaluate in small foci (common in fallopian tube intraepithelial lesions).
Thus, in our experience, the absence of p53-positive foci cannot exclude a diagnosis FTIN.
Overall, the usefulness of p53 and Ki67 in this small sample of lesions was relatively
limited. By using our algorithm and only considering immunostains in the case of
“indeterminate for FTIN” cases, we reached a x of 0.79, which was better than the x’s cited
in previous literature.

There were additional limitations to this study beyond the use of « statistics. One challenge
is in distinguishing diagnoses of FTIN from metastases masquerading as intraepithelial
neoplasia.*2 Secondly, the significance of detecting FTIN in the setting of uterine serous
carcinoma in unclear.*3 These are difficult issues in actual practice and are not addressed in
our study. Another limitation was having only two pathologists review the cases. However,
although there were only two pathologists reviewing the cases, these dedicated gynecologic
pathologists each had over 10 and 20 years of experience. It is likely that equally
experienced and less-experienced pathologists would have the same difficulty in diagnosing
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this entity. Additionally, this study design does not mirror actual real-life practice. The
reviewing pathologists were not able to order levels and they couldn’t show challenging
cases around to colleagues. The slides were each looked at independently rather than as part
of a case. In practice, we expect pathologists to show slides to colleagues in cases that they
are concerned may be FTIN. In fact, we strongly recommend this practice, as poor
concordance between pathologists was common in cases that did not receive a diagnosis of
FTIN when IHC stains were performed. Lastly, we did not test intra-observer variability, so
we cannot address the issue of internal reproducibility.

In summary, we propose an alternative clinical algorithm based predominantly on histologic
evaluation (see Figure 4). In our model, fallopian tubes with foci of severe nuclear atypia or
moderate nuclear atypia with nuclear stratification are given a diagnosis of FTIN. In cases
with moderate nuclear atypia but without nuclear stratification (i.e. indeterminate for FTIN),
p53 and Ki67 immunostains may be performed, with the caveat that absence of strong p53
staining (overexpression of p53) does not exclude FTIN. Diagnoses of “STIL” are not
clinically actionable in our system and therefore are not included in our algorithm. Further
evaluation of the biologic behavior of these lesions (STIL) is needed.
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Figure 1:
Examples of cases interpreted as (A) negative for FTIN (with mild atypia), (B)

indeterminate for FTIN, and (C) indefinite for FTIN.
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Figure 2:
Examples of immunohistochemical staining for (B) p53 and (C) Ki67. In this example, both

p53 and Ki67 are increased in the region of epithelial atypia.
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Figure 3:
Example of case with obvious carcinoma on H&E (A), but with absence of strong p53

staining in the carcinoma (B). P53 staining is weak and non-specific, similar to the staining
on non-neoplastic tissues in this block. In this case, it is difficult to use p53 staining of an
intraepithelial lesion to support a diagnosis of FTIN.
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Clinical algorithm used at our institution for diagnosing FTIN
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Reasons for risk reducing surgery (note that categories are not exclusive; e.g. cases may

have both a BRCA mutation and a family history of breast/ovarian cancer)

Total Cases 101

Cases with BRCAI or BRCAZ mutations 61 (59.4%)
BRCAI 34 (33.7%)
BRCA?Z 27 (44.3%)

Patients with other genetic mutations associated with breast/ovarian cancer | 2 (2.0%)

Patients with a known family history of breast/ovarian cancer 83 (82.2%)

Patients with a known personal history of breast cancer 25 (24.8%)
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Table 2:
Case and control demographics and other characteristics

Cases Controls Total
Total 101 97 198
Total Slides Reviewed 319 (average 3.15 slides/case) | 304 (3.13) 623 (3.15)
Average Age 47.7 (33 - 70) 50.1(21-84) | 48.8 (21-84)
Definite for FTIN® 10 (9.9%) 0(0.0%) 10 (5.0%)
Indeterminate for FTIN 8 (7.9%) 7(7.2%) 15 (7.6%)
Carcinoma present 8 (7.9%) 0 (0.0%) 8 (4.0%)
Menopausal status (when reported) | 97 4 101 (51.0%)
Pre 42 3 45 (44.6%)
Peri 10 1 11 (10.9%)
Post 45 0 45 (44.6%)

*
This diagnosis was made by either one or both pathologists.

Int J Gynecol Pathol. Author manuscript; available in PMC 2021 May 01.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Perrone et al. Page 18

Table 3:
Diagnoses by pathologist based on histology.

This table shows the percent of slides interpreted at “Negative for FTIN,” “Indeterminate for FTIN” and
“Definite for FTIN” by each pathologist, as well as how many cases were interpreted as invasive carcinoma,
and how many cases had no intraepithelial nuclear atypia. The right-most column shows the number percent of
slides in which the pathologists made the same diagnosis, as well as the percent agreement (Percent agreement
is the number of slides in which pathologists agreed on that diagnosis divided by total number of slides given
that diagnosis by at least one pathologist, which is given in column 3). Also note that patients can have both
carcinoma and intraepithelial neoplasia, hence the columns do not add to 100%.

Pathologist 1 | Pathologist2 | Total | Percent Agreement
N(%) N(%) N % (N)
Negative for FTIN 601(96.5%) 608(97.6%) 613 97.2% (596)
Indeterminate for FTIN 10 (1.6%) 6 (1.0%) 16 0.0% (0)
Definite for FTIN 12 (1.9%) 9 (1.4%) 13 61.5% (8)
Carcinoma 5 (0.8%) 6 (1.0%) 6 83.3% (5)
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Overall inter-rater agreement based on histology alone and based on histology combined
with IHC, weighted and unweighted kappa statistics.

Agreement based on histology

Agreement based on histology and

alone IHC
Overall diagnosis Kappa
Unweighted 0.45 Weak agreement 0.79 Good agreement
Weighted, equal 0.57 Weak agreement 0.84 Very good agreement
Weighted, squared | 0.66 Moderate agreement | 0.87 Very good agreement
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Table 5:
Results of immunohistochemical stains (p53 and Ki67) performed on cases called

“Indeterminate for FTIN” or “Definite for FTIN”

Indeterminate for FTIN | Definite for FTIN
Slides stained 15% 12%
Concordance between Pathologists | 0 8
Increased Ki67 2 (13%) 5 (42%)
Increased P53 or possible null 2 (13%) 9(75%)
Increased P53 2 5
Possible null 0 4

*
Two blocks were missing and thus IHC could not be performed (one Indeterminate case and one Definite case)

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Int J Gynecol Pathol. Author manuscript; available in PMC 2021 May 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:

