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Figure 1. Upper panels show differences in 
expression between putative stem cells and cells 
undergoing in vitro ciliated differentiation. Lower 
panels  depict progressive changes in gene 
expression with immortal and transformed cells 

1. INTRODUCTION
This report is identical to the progress report following year 2 with the inclusion of a statement at the end of
accomplishments which addresses the work completed during the 6 month extension that terminated in April
2017. These additions and additional publications are underlined. The original proposal was designed to address
three issues. First could we identify stem cells from the fallopian tube, including from patients with high grade
serous cancer (HGSC). Second, could we link the molecular abnormalities in cancer associated stem cells and
validate them in pathologic material, specifically in what we feel are stem cell outgrowths or SCOUTs and third
could we identify molecular alterations that would place the oviduct or the patient at risk for HGSC. In essence,
we wished to drill down to the cell of origin and link it to cancer risk, identifying an assay that could predict the
presence of cancer by analyzing lower genital tract fluids or other samples. All of these aims have been
addressed and our studies have reinforced the likelihood that novel pathways to ovarian cancer exist, but
evidence points to more than one mechanism and site of origin.

2. KEY WORDS
Ovarian Cancer
Fallopian tube
High grade serous carcinoma
Stem cell
Serous tubal intraepithelial carcinoma
Secretory cell outgrowth
Serous tubal intraepithelial lesion

3. ACCOMPLISHMENTS

Major goals. 

AIM 1: To isolate, grow in culture, and compare 
stem cells from the fallopian tubes of patients 

with and without malignancy. 
AIM 2: To link and validate the molecular 
disturbances observed in cancer associated stem 
cells  in pathologic material, specifically in an 
entity we have described called the stem cell 
outgrowth or SCOUT. 
AIM 3: To exploit the molecular alterations 
discerned to make molecular probes that will 
detect  those alterations that place women at risk 
for the disease, either in the fallopian tubes or 
lower  genital tract fluids. 

What was accomplished 

AIM 1: 1) Major activity: isolate and grow fallopian 
tube stem cells in culture. 2) The specific objective 
was to identify stem cell characteristics that 
distinguished tumor associated (but normal appearing) stem cells from normal controls. 3) Significant results: a) 
We successfully cloned stem cells from normal fallopian tubes and showed that these cells were capable of both 
ciliated and squamous differentiation, in parallel with the histology of the fallopian tube (Figure 1). b) We 
generated a "stem cell" specific signature by comparing gene expression between undifferentiated stem cells 
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Figure 2. A mild atypia is the only abnormality 
in the tubal mucosa (A) of a patient with 
widespread metastatic HGSC (C) and stains 
strongly for p53 (B). Both lesions shared an 
identical p53 mutation following sequence 
analysis, supporting the concept of "precursor 
escape" (Soong R, Howitt BE, Crum CP 
unpublished). 

and those grown on an air-liquid interface, which permitted ciliated differentiation. This was the first ever 
successful cloning, propagation and maturation of fallopian tube stem cells 1. What we have not accomplished is 
to show that stem cells from normal tubal epithelium in cancers can be distinguished from  
epithelium from normal controls. b) An additional achievement, however, was to identify potential stem cell 
markers that were novel and might be used to unearth potential stem cells in the general pool of non-ciliated 
tubal epithelium2.  Moreover, we showed remarkable parallels between stem cells and putative stem cell 
outgrowths as well as HGSC precursors. c) Another added achievement was to demonstrate a parallel between 
immortalized and transformed stem cells and precursor and malignant HGSCs in the fallopian tube (Figures 
2&3). D) Still another added achievement was a successful experiment focusing on propagating potential cancer 
stem cells. In this study we identified subpopulations that were Taxane resistant and were able to identify the 
same cells in Taxane naive cell cultures (Ning et al, 
submitted). This suggests that there is a small population 
of chemo-resistant cells that is inborn and not created by 
chemotherapy per se. 

AIM 2 1) Major activity: Translating the in vitro 
findings to histopathology. 2) Objective : To link the 
disturbances observed in isolated stem cells to  stem cell 
outgrowths (SCOUTs) and serous cancer precursors 
(STICs). This was shown in the papers by Ning et al and 
Yamamoto et al1,2. Additional achievements: During 
these studies we took the opportunity to address an issue 
fundamental to the aims, which is the origin of HGSC. 
Because a high grade precancerous process (or STIC) can 
only be uncovered in subset of cancers, we felt it 
important to address this issue, the goal being to better 
understand the potential origins of these neoplasms. This 
was done in a series of studies. First, we showed a 
potential dualistic model for HGSC with a lower 
association with STIC seen for tumors with certain 
morphologic features3 (Howitt 2015). This suggests that there could be more than one pathway to HGSC 
including one where STIC is not the primary predecessor. Second, we showed that certain histologic patterns 
were associated with specific gene mutations (Ritterhouse 2016) again suggesting more than one pathogenetic 
route to HGSC. Third, we recently sequenced cases with bilateral STICs and have shown them to contain 
identical p53 mutations. This raises the critical question that not all STICs develop de novo but may signify 
mucosal metastases from either the opposite tube or another site (Meserve et al in preparation). Fourth, we have 
concluded the preliminary phase of an ambitious project that has exhaustively analyzed fallopian tubes of 
women with HGSC but no STIC. In these tubes we have seen non-cancerous epithelium with p53 mutations. On 
comparing the p53 mutations status between these non-cancerous epithelia and the associated (and physically 
removed) HGSCs we have discovered identical mutations. This suggests the possibility that pelvic HGSCs 
could be derived from minor atypias within genetically altered stem cell proliferations (Figure 2). This has 
potentially profound implications in that it suggests that the serous carcinogenic sequence can initiate in the 
tube but continue beyond the confines of the oviduct at an unknown pelvic location (Soong et al manuscript in 
preparation). 
AIM3: 1) Major activity: To develop a means to detect the presence of biomarkers unique to serous cancer or 
serous cancer risk in the uterus or lower genital tract. Objective: To employ deep sequencing to identify p53 
mutations in the lower genital tract tissues or fluids that would indicate the presence of an upper genital tract 
neoplasm. Significant results: We decided to use a novel approach to this problem by first identifying cases of 
HGSC and then searching the archive for prior formalin-fixed, paraffin embedded endometrial specimens from 
diagnostic procedures. DNA from serial sections of this material was extracted and then analyzed on a platform 
targeting p53 mutations. These mutations were compared to those found in the tumors at a later date. We 
identified 5 samples in which information was available. In two (40%) we detected p53 mutation in prior 
endometrial samples that matched those found in the subsequent tumor. The intervals from detecting the 
mutations to the diagnosis of the tumors were 2 weeks and 2 months. 
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A six-month extension was granted to continue the study from October 2016 through March 2017.  This period 
was devoted to completing two ongoing projects. The first was the comparison of p53 sequences between 
potential precursors in the tube and concurrent HGSCs by Dr. Soong to address the possibility that HGSCs 
could originate via "precursor escape". This study was completed and the manuscript is nearing completion for 
submission. The second was the analysis of Tumor-Specific TP53 Signatures from Archival Endometrial 
Biopsies Obtained Prior to the Diagnosis of High-Grade Serous Carcinoma. This work has been completed and 
has been accepted for presentation at the upcoming USCAP meeting in March 2018. 

What opportunities for training and professional development has the project provided? 

This grant has provided opportunities to several young investigators both at BWH and at collaborating 
institutions, including the following: 

1) Collaboration in year 1 with the Xian laboratory at the Jackson laboratory (Farmington CT). This
collaboration centered on sharing of samples with the Xian laboratory, primarily examining fallopian tubes for
stem cells and characterizing putative stem cell in the fallopian tube. Young investigators Yamamoto and Ning
were first authors on publications coming from this collaboration.
2) Career development for Dr. Xian (collaborator in the first year). Dr. Xian has recently obtained a Teal award
stemming in part from opportunities created during this collaboration.
3) Career development for Brooke Howitt at BWH. Dr. Howitt is a young faculty member at BWH who was
involved in several projects including genomic analysis of ovarian cancers, and was the lead author on a study
proposing a dualistic model of high grade serous carcinogenesis. She is currently applying for funding to
expand her protected time for ovarian cancer research.
4) Career development for visiting scholar Jan Brouwer. Mr. Brouwer is an MD PhD candidate from the
Netherlands who worked for 6 months on a project dissecting the immunophenotype of putative stem cells in
the fallopian tube.
5) Career development for Kyle Strickland, Thing Rinda Soong, and Lauren Ritterhouse. These trainees have
been involved in projects supported by this grant. Dr. Strickland will be taking a position at Duke in
gynecologic pathology and cancer research, Dr. Ritterhouse will be joining the Pathology Department at the
University of Chicago Medical Center in Molecular Diagnostics and Dr. Soong is scheduled to spend the next
year in clinical and research in breast and gynecologic neoplasia.
6) Support of colleagues. In addition to the above, we have supported colleagues at the Dana Farber Cancer
Institute, including Dr. Alan D'Andrea's laboratory.

How were the results disseminated to the communities of interest? 

Results were published in the pathology and gynecology journals and presented at yearly meetings (see 
Products below) 

How do you plan during the next reporting period to accomplish these goals? 

This is the final report. 

4. IMPACT

What was the impact on the development of the principal discipline of the project? 

The purpose of this project was broaden our understanding of the cells involved in the pathogenesis of high 
grade serous cancer. It is currently assumed by many that the fallopian tube is the only source of these tumors - 
prompting efforts to prevent cancer by salpingectomy alone - yet we cannot prove this based on the pathologic 
evidence. The stem cell work has elucidated immuno-phenotypes that bear further study as cancer stem cells 
that can be searched for in extra tubal site such as the ovary. Moreover, the studies of fallopian tubes from 
women with cancer raise the intriguing question that earlier precursors might escape to produce tumors 
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elsewhere. The identification of mutations in lower genital tract samples has raised the hope that a molecular 
Pap smear will be possible. However, our identification of p53 mutations in normal tubal mucosa raises 
concerns about the specificity of such a test, which is becoming more obvious. 

What was the impact on other disciplines? 

These studies are highly relevant to the epidemiology of ovarian cancer and expectations from surgical 
approaches. 

What was the impact on technology transfer? 

The discovery of genes deregulated in putative stem cells (Yamamoto et al) has been made public.  

What was the impact on society beyond science and technology? 

The fallopian tube and its role in ovarian cancer has had broad impact on women in general including those 
with or without genetic predisposition. The publications from this group have always addressed the strengths 
and limitations of the fallopian tube hypothesis with an eye on patient care.  

5. CHANGES/PROBLEMS:
We encountered no major challenges in completing this work.

6. PRODUCTS

Publications 
Yamamoto Y, Ning G, Howitt BE, Mehra K, Wu L, Wang X, Hong Y, Kern F, Wei TS, Zhang T, 

Nagarajan N, Basuli D, Torti S, Brewer M, Choolani M, McKeon F, Crum CP, Xian W. In vitro and in vivo 
correlates of physiological and neoplastic human Fallopian tube stem cells. J Pathol 2016 Mar;238(4):519-30. 
PMID: 26415052 

Novak M, Lester J, Karst AM, Parkash V, Hirsch MS, Crum CP, Karlan BY, Drapkin R. Stathmin 1 and 
p16(INK4A) are sensitive adjunct biomarkers for serous tubal intraepithelial carcinoma. Gynecol Oncol. 2015 
Oct;139(1):104-11. PMID: 26206555 

Worley MJ Jr, Liu S, Hua Y, Kwok JS, Samuel A, Hou L, Shoni M, Lu S, Sandberg EM, Keryan A, Wu 
D, Ng SK, Kuo WP, Parra-Herran CE, Tsui SK, Welch W, Crum C, Berkowitz RS, Ng SW. Molecular changes 
in endometriosis-associated ovarian clear cell carcinoma. Eur J Cancer. 2015 Sep;51(13):1831-42. 

Wang X, Yamamoto Y, Wilson LH, Zhang T, Howitt BE, Farrow MA, Kern F, Ning G, Hong Y, Khor 
CC, Chevalier B, Bertrand D, Wu L, Nagarajan N, Sylvester FA, Hyams JS, Devers T, Bronson R, Lacy DB, 
Ho KY, Crum CP, McKeon F, Xian W. Cloning and variation of ground state intestinal stem cells. Nature. 2015 
Jun 11;522(7555):173-8. 

Ivanova A, Loo A, Tworoger S, Crum CP, Fan I, McLaughlin JR, Rosen B, Risch H, Narod SA, 
Kotsopoulos J. Ovarian cancer survival by tumor dominance, a surrogate for site of origin. Cancer Causes 
Control. 2015;26:601-8. PMID: 25771796 

Howitt BE, Hanamornroongruang S, Lin DI, Conner JE, Schulte S, Horowitz N, Crum CP, Meserve EE. 
Evidence for a Dualistic Model of High-grade Serous Carcinoma: BRCA Mutation Status, Histology, and Tubal 
Intraepithelial Carcinoma. Am J Surg Pathol. 2015 Mar;39(3):287-93. PMID:25581732 

Zuo W, Zhang T, Wu DZ, Guan SP, Liew AA, Yamamoto Y, Wang X, Lim SJ, Vincent M, Lessard M, 
Crum CP, Xian W, McKeon F. p63(+)Krt5(+) distal airway stem cells are essential for lung regeneration. 
Nature. 2015 Jan 29;517(7536):616-20. PMID:25383540 

Ning G, Bijron JG, Yamamoto Y, Wang X, Howitt BE, Herfs M, Yang E, Hong Y, Cornille M, Wu L, 
Hanamornroongruang S, McKeon FD, Crum CP, Xian W. The PAX2-null immunophenotype defines multiple 
lineages with common expression signatures in benign and neoplastic oviductal epithelium. J Pathol. 2014 
Dec;234(4):478-87. PMID:25130537 
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Yamamoto Y, Wang X, Bertrand D, Kern F, Zhang T, Duleba M, Srivastava S, Khor CC, Hu Y, Wilson 
LH, Blaszyk H, Rolshud D, Teh M, Liu J, Howitt BE, Vincent M, Crum CP, Nagarajan N, Ho KY, McKeon F, 
Xian W. Mutational spectrum of Barrett's stem cells suggests paths to initiation of a precancerous lesion. Nat 
Commun. 2016 Jan 19;7 

Mirkovic J, Howitt BE, Roncarati P, Demoulin S, Suarez-Carmona M, Hubert P, McKeon FD, Xian W, 
Li A, Delvenne P, Crum CP, Herfs M.  Carcinogenic HPV infection in the cervical squamo-columnar junction.  
J Pathol. 2015;236:265-71. 

Yang EJ, Quick MC, Hanamornroongruang S, Lai K, Doyle LA, McKeon FD, Xian W, Crum CP, Herfs 
M. Microanatomy of the cervical and anorectal squamocolumnar junctions: a proposed model for anatomical
differences in HPV-related cancer risk. Mod Pathol. 2015;28:994-1000

Sherman ME, Drapkin RI, Horowitz NS, Crum CP, Friedman S, Kwon JS, Levine DA, Shih IeM, 
Shoupe D, Swisher EM, Walker J, Trabert B, Greene MH, Samimi G, Temkin SM, Minasian LM. 
Rationale for Developing a Specimen Bank to Study the Pathogenesis of High-Grade Serous Carcinoma: A 
Review of the Evidence. Cancer Prev Res (Phila). 2016;9:713-20. 

Ritterhouse LL, Nowak JA, Strickland KC, Garcia EP, Jia Y, Lindeman NI, Macconaill LE, 
Konstantinopoulos PA, Matulonis UA, Liu J, Berkowitz RS, Nucci MR, Crum CP, Sholl LM, Howitt BE. 
Morphologic correlates of molecular alterations in extrauterine Müllerian carcinomas. Mod Pathol. 
2016;29:893-903 

Meserve EE, Brouwer J, Crum CP. Serous tubal intraepithelial neoplasia: the concept and its 
application. Mod Pathol. 2017 Jan 20 (epub ahead of print). 

Meserve EEK, Mirkovic J, Conner JR, Yang E, Muto MG, Horowitz N, Strickland KC, Howitt BE, 
Crum CP.Frequency of "incidental" serous tubal intraepithelial carcinoma (STIC) in women without a history 
of or genetic risk factor for high-grade serous carcinoma: A six-year study.  Gynecol Oncol. 2017 
Jul;146(1):69-73 

Basuli D, Tesfay L, Deng Z, Paul B, Yamamoto Y, Ning G, Xian W, McKeon F, Lynch M, Crum CP, 
Hegde P, Brewer M, Wang X, Miller LD, Dyment N, Torti FM, Torti SV. Iron addiction: a novel therapeutic 
target in ovarian cancer. Oncogene. 2017 Jul 20;36(29):4089-4099 

Books or non-periodical publications 
Berek JS, Crum C, Friedlander M. Cancer of the ovary, fallopian tube, and peritoneum. 

Int J Gynaecol Obstet. 2015 Oct;131 Suppl 2:S111-22. 
Poole EM, Rice MS, Crum CP, Tworoger SS. Salpingectomy as a potential ovarian cancer risk-reducing 

procedure. J Natl Cancer Inst. 2015 Jan 27;107(2). PMID:25628373 
Kaspar HG, Crum CP. The utility of immunohistochemistry in the differential diagnosis of gynecologic 

disorders. Arch Pathol Lab Med. 2015 Jan;139(1):39-54. PMID:25549143 Review 
Crum CP. Preventing Ovarian Cancer. J Clin Oncol. 2016;34:198-9. 

Presentations, conference publications 
Past presentations 

Jelena Mirkovic, Amy DiVasta, Stacey Missmer, Brooke Howitt, Christopher Crum, Marc Laufer, Sara 
Vargas. The Histologic Spectrum of Adolescent Endometriosis. USCAP meeting, Boston, March 2015 

Andre Pinto, Brooke Howitt, Christopher Crum. The Variable Spectrum of Tubal Intraepithelial 
Neoplasia in Women with High Grade Serous Carcinoma. USCAP meeting, Boston, March 2015 

Lauren Ritterhouse, Christopher Crum, Lynette Sholl, Neal Lindeman, Brooke Howitt. Morphologic and 
Molecular Evaluation of Extra-Uterine Mullerian Carcinoma. USCAP meeting, Boston, March 2015 

Presentations at the USCAP 2016 meeting 
Emily E Meserve, Jelena Mirkovic, James R Conner, Eric Yang, Brooke E Howitt, Christopher P Crum. 

Detection of serous tubal intraepithelial carcinoma (STIC) in incidentally removed fallopian tubes from low-
risk women. 

Thing Rinda Soong, Christopher P Crum, Brooke E Howitt. Serial Sectioning of Distal Fallopian Tubes 
and its Role in the Discovery of Occult Serous Tubal Intraepithelial Carcinoma in Women with High Grade 
Ovarian Serous Carcinoma. 
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T Rinda Soong, Lynette M Sholl, Michele T Baltay, Bradley J Quade, Michelle S 
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Serous tubal intraepithelial neoplasia: the 
concept and its application 
Emily EK Meserve 1, Jan Brouwer2 and Christopher P Crum 1

1 Division of Women's and Perinatal Pathology, Department of Pathology, Brigham and Women's Hospital, 
Boston, lvfA USA and 2Department of Gynecologic Oncology, University of Groningen, University Medical 
Center Groningen, Groningen, The Netherlands 

In recent years it has become clear that many extra-uterine (pelvic) high-grade serous carcinomas (serous 

carcinomas) are preceded by a precursor lesion In the distal fallopian tube. Precursors range from small self

limited 'p53 signatures' to expansile serous tubal intraepithelial neoplasms that include both serous tubal 

epithelial proliferations (or lesions) of uncertain significance and serous tubal lntraepithelial carcinomas. These 

precursors can be considered from three perspectives. The first is biologic underpinnings, which are 

multifactorial, and include the intersection of DNA damage with Tp53 mutations and disturbances in 

transcriptional regulation that increase with age. The second perspective is the morphologic discovery and 

classification of intraepithelial neoplasms that are intercepted early in their natural history, either incidentally or 

in risk-reduction surgeries for germline mutations. For the practicing pathologist, as well as the investigators, a 

distinction between a primary intraepithelial neoplasm and an intramucosal carcinoma must be made to avoid 

misinterpreting (or underestimating) the significance of these proliferations. The third perspective is the 

application of this information to Intervention, devising strategies that will actually lower the ovarian cancer 

death rate by opportunistic salpingectomy, widespread comprehensive genetic screening and early detection. 

Central to this issue are the questions of (1) whether some STICs are metastatic, (2) whether lower-grade 

epithelial proliferations can invade prior to evolving Into lntraepithelial carcinoma, or (3) metastasize and become 

malignant elsewhere ('precursor escape'). An important caveat is the persistent and unsettling reality that many 

high-grade serous carcinomas are not associated with an obvious point of Initiation in the fallopian tube. The 

pathologist sits squarely in the midst of all of these issues, and has a pivotal role in managing expectations for 

stemming the death rate from this lethal disease. 
Modern Pathology (2017) 00, 1-12. doi:10.1038/modpathol.2016.238 

The past two decades have witnessed a revolution in 
the field of ovarian cancer research. It began with the 
discovery of the BRCA1 and BRCA2 tumor suppres
sor genes, followed by the emergence of the fallopian 
lube as a potential source of al least some serous 
carcinomas and culminating in a body of evidence 
that has identified the fallopian tube as a major 
participant in the pathogenesis of this lethal 
disease.1-8 As with many paradigm shifts, much of 
the data in support of this change in attention from 
ovary to fallopian lube was rooted in histo
pathologic study. Painstaking analysis of ovaries 
and fallopian lubes of healthy women undergoing 

Correspondence: CP Crum. MD. Department of Pathology. Orig
ham and Women's Hospital. 75 Francis Street, Boston, MA 02115. 
USA. 
E-mail: ccrum@partners.org
Received 14 July 2016: revised 4 December 2016: occepted 5
December 2016 
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risk-reduction bilateral salpingo-oophorectomy for 
mutations in BRCA1 and BRCA2 (BRCA+) has led to 
the identification of epithelial atypias or early 
carcinomas in the fallopian tube. The introduction 
of the SEE-FIM protocol for routine fallopian tube 
analysis in 2005 was followed by a widespread 
appreciation of early serous cancer of the tubes, both 
in BRCA+ women and those with no known genetic 
predisposition.8 A serous carcinogenic sequence in 
tho fallopian tubes, alluded to early on by Zweemer 
and colleagues, was described further, crystalizing 
tho concept of a tubal origin.2.4.0.lo The particularly
high likelihood of discovering an early high-grade 
serous carcinoma in tho fallopian lubes rather than 
elsewhere in the pelvis has raised tho possibility that 
a significant percentage of these tumors start in the 
oviduct.11

•
12 This has fueled hopes that opportunis

tic salpingectomy will not only benefit the general 
population but also be a viable alternative to 
salpingo-oophorectomy for BRCA+ women seeking 
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Figure 1 Examples of serous tubal intraepithelial carcinoma. Note the conspicuous loss of normal epithelial maturation, with loss of 
polarity. Arrows denote irregular nuclear stacking (a-cl). small detached papillary clusters (a]. horizontally oriented surface nuclei (d). and 
intraepithelial fractures (a. c. and d). 

noted the potential role of the fallopian tube in the 
genesis of serous carcinoma in BRCA+ women.2-4,6 

These studies identified serous tubal intraepithelial 
neoplasms in women at risk and in some cases 
linked them genetically to serous carcinomas. 

The Distal Fallopian Tube 

There was a predilection for serous carcinomas (in 
the form of serous tubal intraepithelial carcinomas) 
to emerge from the distal fallopian tube. Cass et al

noted in 2005 that the majority of tubal cancers arose 
from the distal or fimbriated end.5 In January 2005, 
Brigham and Women's Hospital initiated the SEE
FIM protocol for the evaluation of women at genetic 
(BRCA+) or historical risk (strong family history of 
breast and/or ovarian cancer) for serous carcinoma. 
As a result of this protocol, it was possible to 
corroborate the observation that most early tubal 
malignancies arose in the fimbria or distal one-third 
of the oviduct.8 

Association with Advanced Serous Carcinoma 

The frequency of serous tubal intra.epithelial carci
noma is high in women with symptomatic serous 
carcinoma. To determine whether serous carcinomas 
in general had a high frequency of serous tubal 
intraepithelial carcinoma, Kindelberger et al applied 
the SEE-FIM protocol to a consecutive series of 
women with high-grade serous carcinoma.15 They 
found that - 45% had a coexisting STIC. The precise 
percentage was somewhat difficult to ascertain given 
the fact that the distal tube was frequently obliterated 
or not amenable to thorough examination. Subse
quent estimates have linked STICs to high-grade 
serous carinomas in from < 20 to 60 percent. 16 This 
broad figure contrasted with the frequency of STIC 
detection when high-grade serous carcinomas were 
detected incidentally or early. In BRCA+ women 
undergoing risk-reduction surgery, early high-grade 
serous carcinomas were discovered on examination 
of the tubes and ovaries in from 5 to 10%. 
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Figure 2 (a) p53 signature (lower) with inconspicuous atypia and strong p53 staining (inset). (b) Serous tubal epithelial proliferation 
(lesion) of uncertain significance, exhibiting multilayered cohesive epithelium with preserved polarity. We would not classify this as a 
serous tubal intraepithelial carcinoma but the reader is advised that there is considerable inter-observer variability in interpretation of 
such proliferations. (cl Serous tubal inlraepithelial proliferation (right) merges with a serous tubal intraepithelial carcinoma (left, arrows). 
(d) Serous tubal intraepithelial proliferation (left) with adjacent invasive carcinoma (right). Note there is no intervening tubal 
intraepithelial carcinoma. lmmunostains and the epithelium in question at greater magnification (center) are in the insets.

Approximately 80-100% of these early high-grade 
serous carcinomas were associated with involvement 
of the fallopian tube in the form of a serous tubal 
intraepithelial carcinoma. 11

·
17

·
18 To reduce the like

lihood that intraepithelial carcinoma was a product 
of metastatic spread, Kindel berger et al required that 
it be separated from the invasive component and 
conform to a pattern in keeping with an intraepithe
lial carcinoma. 

A Morphologic Spectrum of Precursor Disease 

Serous cancer precursors in the tube comprise a 
morphologic spectrum. The least atypical are 
small stretches of nearly normal appearing, mostly 
non-ciliated cells with evidence of Tp53 mutations 
called p53 signatures (Figure 2a).9 p53 signatures 
are encountered in - 50% of fallopian tubes of 

women irrespective of their level of genetic risk 
and are presumed to be emblematic of the early 
events on the pathway to serous carcinoma. 
Much less common are atypical serous tubal epithe
lial proliferations that are more conspicuous 
histologically and usually more extensive 
(Figures Zb-d).17

•
19

•
20 The morphologic point at 

which a p53 signature transitions to such a intra
epithelial lesion is somewhat arbitrary and is 
governed chiefly by the appreciation of more con
spicuous cytologic changes, including not only loss 
of cilia but greater epithelial pseudo-stratification, 
often with some nuclear enlargement.9•

10 

Microenvironment of the Distal Fallopian Tube 

It is important to stress that small foci of Tp53 
mutations (p53 signatures). whereas occurring in a 
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Figure 3 Stem cell outgrowths in the fallopian tube. (a] A type I stem cell outgrowth (right of dotted line) demonstrates a discrete pattern of 
ciliated differentiation. (b) A type II stem cell outgrowth has a distinctly endometrioid appearance. (cl A secretory cell expansion is similar 
and consists of a discrete linear population of secretory cells. highlighted here by immunostaining for BCL-2. 

necessary to maximize the detection of early cancers 
in women at risk.8 We also employ this protocol in 
all cases of uterine or ovarian cancer where the tubes 
can be identified, and this approach has identified 
early tubal carcinomas in women with both serous 
and endometrioid tumors in the uterus.36-38 

Terminology and Its Implications 

The term serous tubal intraepithelial carcinoma has 
been used in practice but there are several issues that 
remain in flux for both the practitioner and investi
gator. (1) The malignant potential (ie risk of serous 
cancer outcome) of incidentally discovered intrae
pithelial carcinoma is at this writing low, estimated a 
- 5% in BRCA+ women. (2) A series of incidentally
discovered intraepithelial carcinomas and subsequent
serous cancers have yet to be linked by a common
mutation in Tp53 to prove a temporal link between
the two. (3) The malignant potential of tubal atypias
falling short of intraepithelial carcinoma remains
uncertain.39 (4) Some serous tubal intraepithelial
carcinomas discovered in the context of metastatic
disease may not necessarily have originated from the 
fallopian tube. A tubal intraepithelial carcinoma 
found associated with serous carcinoma might be 
viewed as a fait accompli, assumed to be the origin of 
the tumor based simply on a shared mutation with the 
latter.14

·
24 However, a similar sharing of mutations 

can be seen between serous carcinomas in the 
endometrium and tube, yet the direction of spread 
(from the tube or to the tube) is not entirely clear.36.-IO 

Moreover, the possibility that the tubal mucosa can be 
not only a source but also a destination of serous 
carcinoma is being increasingly recognized.41 Thus 

when a diagnosis of intraepithelial carcinoma is 
made, the practitioner should view it in the context 
of whether the tubal lesion is isolated or a component 
of widespread disease. 

Several terms have been proposed to classify 
lesions that fall between p53 signatures and tubal 
intraepithelial carcinomas, including tubal intra
epithelial lesions in transition, serous tubal intra
epithelial lesions and tubal epithelial atypias. We 
asked a group of e:>..'J)erienced gynecologic oncologists 
to advise us on their preference for terminologies in a 
report (see 'Acknowledgments' section). Diagnoses 
such as serous tubal epithelial proliferation or serous 
tubal intraepithelial lesion were considered suitable 
to many but the addition of 'of uncertain significance' 
was preferred by many as it clarified the uncertainty 
of this diagnosis (see Table 2). 

There are four reasons for including both serous 
tubal epithelial proliferations (or lesions) of uncer
tain significance and serous tubal intraepithelial 
carcinomas within the category of tubal intraepithe
lial neoplasia, at least for the purposes of study and 
follow-up. 

(1) Both are often found in continuity (figure 2c).
(2) Both share a similar age distribution and associa-

tion with germline BRCA mutations
(3) The two cannot always be distinguished with

certainty. 
(4) In our experience serous tubal epithelial prolif

erations can be found adjacent to invasive serous
carcinoma without an intervening intraepithelial
carcinoma (Figure 2d), implying that invasion
might occur directly from the lesion.

(5) There is the possibility that tubal epithelial proli
ferations could initiate a sequence of biologic
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Table 2 Categories of tubal intraepithelial proliferations 

Definition and setting 

Non-ciliated or minimal ciliated 
differentiation. 
Commonly found (30-50%) in tubes from 
all women. 

Altered and expanded epithelium with 
p53 mutation and a spectrum of atypia 
with preservation of cell polarity (Smooth 
luminal border, cohesive cell population, 
cilia or terminal bars present, 
preservation of a pseudostratified nuclear 
arrangement with uniform vertical 
orientation, and absence of vertical 
nuclear stacking). 
Found incidentally in salpingectomy 
specimens, in RRSOs. and in fallopian 
tubes of women with carcinoma. 

Altered and expanded epithelium with 
p53 mutation and a spectrum of atypia 
including loss of cell polarity (Irregular 
luminal border, loss of pseudostratified 
nuclear orientation with irregular vertical 
nuclear stacking, intraepithelia1 fractures, 
exfoliation) and/or marked atypia in a 
portion of the lesion. 
Found incidentally in salpingectomy 
specimens, and in fallopian tubes of 
women with serous cancer. 

Intramucosal serous carcinoma in the 
absence of a lower grade proliferation. 
Found typically in the setting of 
disseminated HGSC and rarely 
incidentally as an isolated finding. 

Criteria 

l. Evidence of p53
mutation by immuno
histochemistry.
2. Mild nuclear
enlargement.

1. Evidence of p53 
mutation by immuno
histochemistry. 
2. Nuclear enlargement, 
increased N/C ratio. 
3. Polarity is preserved 
4. Ki-67 index is variably 
increased.

1. Evidence of p53
mutation by immuno
histochemistry. 
2. Nuclear enlargement, 
increased N/C ratio. 
3. Polarity is lost. 
4. Ki-67 index is variably
increased.

1. p53 mutation (IMPOX)
2. Nuclenr enlargement,
increased N/C ratio. 
3. Polarity is lost. 
4. Ki-67 index is variably 
increased.
5. No evidence of lower
grade proliferation. 

Abbreviation: RRSO. risk reducing salpingo-oophorectomy. 

events culminating in a serous carcinoma outside 
of the fallopian tube. This process, which we term 
precursor escape, would entail an initial geno
toxic insult in the fallopian tube leading to a p53 
signature or intraepithelial lesion, the cells of 
which could escape and emerge later in U1e pelvis 
as a more advanced neoplasm. This concept is 
under investigation. 

The Risk-Reduction Salpingo-Oophorectomy 

From 5-10% of BRCA+ women undergoing 
risk-reduction surgery will harbor an asymptomatic 
early serous neoplasm, and at least 80% of those 
neoplasms will be an intraepithelial carcinoma wiU1 
either early invasion or spread to adjacent peritoneal 
surfaces.6·

8
•
17 In this population, many will be found 

to have intraepiU1elial carcinoma alone. It is important 

Serous tubal intraepithelial neoplasia 

EK Meserve er al 

Diagnostic terminology 

Benign serous tubal 
epithelial proliferation/ 
lesion 

Serous tubal epithelial 
proliferation/lesion of 
uncertain significance 

Serous tubal intraepithelial 
carcinoma 

Serous tubal intraepithelial 
carcinoma 

Implications 

1. An early (latent) phase of serous
carcinogenesis.
2. No increased risk of recurrence or
subsequent serous carcinoma.

1. A serous cancer precursor
originating in the fallofliBR tulte. 
2. Uncertain, presumed minimal risk 
of a serous carcinoma outcome.
3. Can be associated with 
intraepithelial carcinoma, therefore 
serial sectioning encouraged. 
4. May be a direct precursor to
invasive serous carcinoma.
5. Role as precursor to extra-tubal 
serous carcinoma is unknown.

1. A serous efHloer flFBSl:I.FSOP
erigiHBHHg tfl tfle faliOfliMI �ee

._ 

2. Detected in 5-10% of BRCA+
women.
3. Outcome risk of HGSG a•,•epages
IH'Ol:I.HB 6%

._
ranges from 1-10%. 

4. Consider genetic counseling
(BRCA) if found incidentally.
5. Most institutions will not treat in 
the absence of invasion or local
spread.
6. Peritoneal washings and possibly
further staging with biopsies may be 
considered as clinically appropriate. 

1. Replacement of mucosa with 
HG.sfi. 
2. Sile of OPigiR unclear in the 
absence of a lower grade 
proliferation. flBFtieula;aly in the
setting of disseminated HG.sfi. 

to emphasize U1at women who undergo risk-reduction 
surgery for a history of breast or ovarian cancer who 
do not have germline BRCA mutation seem to have a 
very low risk of intraepithelial carcinoma, approach
ing that of the general population. 

The Symptomatic Woman with Uterine or Pelvic 
Epithelial Cancer 

Approximately 40-60 percent of women with an 
extra-uterine serous carcinoma will harbor an intrae
pithelial carcinoma in the fallopian tube.15

·
16 The 

precise percentage varies considerably, and it is 
impossible to obtain accurate information because 
(1) in many cases the fallopian tube is obscured by
a tumor mass, (2) the tumor might overrun an
intraepithelial carcinoma, and (3) a tumor could
arise on Urn ovary within adhesions or endo
salpingiosis ultimately derived from the fallopian
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Figure 4 Potential difficulties in interpreting polarity in the context of multilayered epithelium. (a) Benign epithelium is multilayered but 
terminates in a smooth luminal border with ciliated differentiation (arrows). (b) An adjacent serous epithelial proliferation (or lesion) of 
uncertain significance with mild atypia and multi layered epithelium. This was positive for abnormal p53 expression. Note the presence of 
some nuclear enlargement and nucleoli and a mitotic figure (long arrow); however. the luminal surface is uniform with normal 
differentiation (cilia: arrows). (cl Another multilayered tubal epithelium with strong p53 staining and moderate MIB1 staining (insets). 
Note however, the abundant cilia on the hematoxylin and eosin stained section, corresponding to the absence of p53 immunostaining in 
the inset. We would classify this as a serous tubal epithelial proliferation (or lesion) of uncertain significance, with a comment that it does 
not fulfill the criteria for an intraepithelial carcinoma. Cases like this underscore the range and complexity of serous cancer precursors that 
can be encountered in the fallopian tube and the care that must be taken in classifying problematic proliferations. 

Benign Epithelial 
Hyperplasia 
(Type II SCOUT) 

No 

No 

Benign serous tubal 
intraepithelial 
proliferation/lesion 
(pS3 signature) 

Benign epithelial 
hyperplasia (Type I 

,l, SCOUT) 

Polarit 
No 

Serous tubal intra
epithelial carcinoma 

Serous tubal epithelial 
proliferation/lesion of 
uncertain signficance 

Figure 5 A decision tree for unusual tubal intraepithelial 
proliferations. • Altered epithelium is defined simply as epithe
lium that contrasts with the background tubal epithelium. such as 
discrete multilayered epithelium, monomorphic single and multi
layered populations. or stretches of epithelium with loss of cilia 
etc ... Nuclear changes pertain to nuclear enlargement. nuclear 
molding, nuclear crowding etc. Note that given the morphologic 
'plasticity' of the tubal epithelium, contrasting nuclear changes 
may still not by themselves signify a precursor or early serous 
carcinoma. 

whether polarity is disrupted (Figure 4c). In general, 
cilia should be scarce in intraepithelial carcinomas 
because they signify differentiation. When encoun
tered they must be carefully evaluated and their 

presence weighed against the other findings when 
considering a diagnosis of intraepithelial carcinoma. 
Ciliated eel ls will not stain for p53, however ciliated 
differentiation is sometimes seen in lower grade 
lesions. Because a lower grade lesion could imme
diately precede an invasive carcinoma (Figure 3d, 
arrows), careful sectioning is needed to ensure that 
invasion has not occurred. 

Management 

Once the pathologist has identified a tubal intra
epithelial neoplasm, he or she must render a 
diagnosis and provide information helpful to the 
clinician. Table 2 provides a variety of terminologies 
that might be used in practice. A diagnosis of 
tubal intraepithelial carcinoma need not be 
accompanied by an estimate of recurrence risk 
but referral to a gynecologic oncologist is encour
aged. A diagnosis of a tubal proliferation of unde
termined significance should come with an 
assessment of the level of atypia and why it is not 
being classified as an intraepithelial carcinoma. If 
there is uncertainty as to the classification this 
should be conveyed as well. 

One issue that remains unclear is the staging 
of serous carcinomas, specifically the role of the 
fallopian tube. Currently staging is done with 
the tube in mind but does not rely on defining the 
source, an approach the authors support.60 Others
have made an effort to assign probable origin based 
on pathologic parameters and estimate likelihood 
that the carcinomas originated in the fallopian tube 
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