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Abstract
Purpose—This study computed the risk of clinically silent adnexal neoplasia in women with
germ-line BRCA1 or BRCA2 mutations (BRCAm+) and determined recurrence risk.

Methods—We analyzed risk reduction salpingo-oophorectomies (RRSOs) from 349 BRCAm+

women processed by the SEE-FIM protocol and addressed recurrence rates for 29 neoplasms from
three institutions.

Results—Nineteen neoplasms (5.4%) were identified at one institution, 9.2% of BRCA1 and
3.4% of BRCA2 mutation-positive women. Fourteen had a high-grade tubal intraepithelial
neoplasm (HGTIN, 74%). Mean age (54.4) was higher than the BRCAm+ cohort without neoplasia
(47.8) and frequency increased with age (p<0.001). Twenty-nine BRCA m+ patients with
neoplasia from three institutions were followed for a median of 5 years (1–8 yrs.). One of 11 with
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HGTIN alone (9%) recurred at 4 years, in contrast to 3 of 18 with invasion or involvement of
other sites (16.7%). All but two, are currently alive. Among the 29 patients in the three institution
cohort, mean ages for HGTIN and advanced disease were 49.2 and 57.7 (p = 0.027).

Conclusions—Adnexal neoplasia is present in 5–6% of RRSOs, is more common in women
with BRCA1 mutations, and recurs in 9% of women with HGTIN alone. The lag in time from
diagnosis of the HGTIN to pelvic recurrence (4 years) and differences in mean age between
HGTIN and advanced disease (8.5 years) suggest an interval of several years from the onset of
HGTIN until pelvic cancer develops. However, some neoplasms occur in the absence of HGTIN.

INTRODUCTION
Ovarian cancer is the fifth leading cause of cancer related deaths in women in the United
States, with approximately 22,000 new cases and 14,000 deaths annually.1 High-grade
carcinomas - mostly serous type - have the worst outcome. They typically present in late
stage, seeding the peritoneal cavity and metastasizing early in the disease course. 2

The anatomic origin of high grade serous carcinoma has been ascribed both to the ovarian
surface as well as the distal fallopian tube, supported by the presence of high-grade serous
tubal intraepithelial neoplasia (HGTIN), also termed serous tubal intraepithelial carcinoma
(or STIC) in over 40% of women with disseminated high grade serous carcinoma.3

Identification of HGTIN or early tubal carcinoma in risk reducing salpingo-oophorectomy
(RRSO) specimens of asymptomatic women with presumed germ-line mutations in BRCA1
or BRCA2 genes (BRCAm+) further supports a tubal origin. 4, 5, 6, 7, 8 9, 10 Moreover, "latent"
precursors with mutations in the p53 gene, known as “p53 signatures,” are commonly found
in the fallopian tube epithelium and have been shown to be genetically linked to some high-
grade serous carcinomas.11

RRSO is routinely offered to BRCAm+ patients or those with a strong personal or family
history of breast and ovarian cancers or a family history of ovarian cancer alone.
Unsuspected carcinomas have been reported in the fallopian tubes or ovaries of these
women in between 2% and 17%, more precise estimates following the widespread adoption
of the SEE-FIM protocol for more careful examination of the distal tube, including the
fimbriae.4, 8, 12, 13, 14, 15 The clinical outcome of these small, clinically unsuspected
neoplasms of the fallopian tube has not to date been characterized in great detail, owing to
their relatively low frequency and non-uniform sampling of fallopian tubes. As a result,
management of these patients and their prognosis has been uncertain.

A single study in 2004 reported one recurrence in a patient with a BRCA1 mutation among
four patients undergoing RRSO.16 Two recent studies with larger numbers reported
recurrence rates for HGTIN alone at 0 and 7%.17, 18 Our institution began using the SEE-
FIM protocol to evaluate RRSO specimens in 2005 for BRCAm+ women, providing up to
eight years of clinical followup.5 This population provides an opportunity to study both the
detection frequency and longer term outcome of clinically unsuspected adnexal neoplasia in
this unique population.

METHODS
This study was approved by the human investigation committees at Brigham and Women's
Hospital, the University of Michigan Medical School and the Pacific Ovarian Cancer
Research Consortium (POCRC). The material for the two major analyses was derived from
two distinct clinical sources. The first analysis explored the frequency of neoplasia in a
series of consecutive RRSOs conducted at Brigham and Women's Hospital and the Dana
Farber Cancer Institute (DFCI). The second pooled high-grade TINs or carcinomas that were
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diagnosed following RRSO at BWH/DFCI, POCRC and University of Michigan and
ascertained the risk of a pelvic cancer outcome (www.pointproject.org). All were reviewed
by a second observer (CPC) to verify the diagnosis. For this study, cases were limited to
high grade serous or endometrioid neoplasms detected in asymptomatic women that were
small or microscopic and were tubal, ovarian or unclear in their origin. Histologic sections
and p53 immunostains of representative early carcinomas with and without associated
spread were reviewed. The term HGTIN in this study connotes a high-grade non-invasive
serous tubal intraepithelial neoplasm unless otherwise specified. Histologic criteria for the
diagnosis of HGTIN have been detailed previously, consisting of a combination of marked
nuclear atypia and some loss of cell polarity, typically accompanied by an increased
proliferative index and either strong or absent (due to a deletion mutation) immuno-
positivity for p53. In essence, HGTIN corresponded to serous tubal intraepithelial
carcinomas as described previously.2,3

Frequency and clinicopathologic features of early carcinoma in patients with BRCA gene
mutations

The case files of the Women’s and Perinatal Division in the Department of Pathology at
Brigham and Women’s Hospital were searched for terms containing the sequence “BRCA”
received between January 1, 2005 and February 15, 2013. From this data set, cases in which
ovarian or tubal carcinoma was suspected preoperatively based on clinical, radiographic, or
laboratory data were excluded. Although no standard pre-operative testing was performed,
the stated impressions took into account standard imaging studies along with physical exam
findings, and prior pathologic diagnoses when relevant. CA125 values were not obtained as
part of the pre-operative management of patients in this cohort. Asymptomatic BRCAm+

cases, including cases in which carcinoma was identified during or after surgery, were
included. The clinic records of each case were then reviewed for evidence corroborating a
BRCA1 or BRCA2 mutation.

RRSOs were entirely submitted for microscopic examination according to the SEE-FIM
protocol previously described.5 Clinically unsuspected carcinomas were divided into three
categories: Group I were cases with HGTIN alone; Group II had HGTIN and evidence of
advanced disease, including ovarian/serosal surfaces and positive peritoneal cytology;
Group III had the latter findings without evidence of HGTIN.

Age was recorded for all and the median age of patients with early carcinoma was compared
to the median age of patients without disease using an independent samples two-tailed t-test
analysis. The proportion of patients with carcinoma at each year of age was calculated and
used in a linear regression analysis to determine the correlation between age at time of
RRSO and risk of early carcinoma.

Clinical outcomes of early carcinoma
The cohort of patients with neoplasia detected in RRSO specimens from Brigham and
Women’s Hospital, POCRC, and University of Michigan Medical School, were identified.
Patients were followed for signs of recurrent disease at the discretion of the managing
physician using standard clinical, imaging, and laboratory (CA-125) signs. Recurrence was
defined either by a direct cytologic or histologic diagnosis or by two consecutively rising
CA-125 values above the patient’s established baseline levels.
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RESULTS
RRSO specimens from patients with BRCA1 and BRCA2 mutations

Frequency of neoplasia—The initial results returned 452 reports with the term “BRCA”
in the pathology report clinical history. After excluding cases of symptomatic malignancy,
385 were eligible for further analysis from a single major academic medical center (BWH)
from January 2005 to February 2013. All but 3 were bilateral salpingo-oophorectomies.
Within this group are 122 cases (and 7 early cancers) that have been previously reported.12

Figure 1 summarizes the breakdown of cases. In 36 a BRCA1 or BRCA2 gene mutation was
not corroborated in the clinical record. In 345, a BRCA1 or BRCA2 mutation was specified
in the clinical record; 34 were documented in clinical notes alone and 311 provided in
addition a sequence report from Myriad Genetics. In four others, mutations in both genes or
unspecified BRCA mutations were reported in the clinic notes. Cases specified as BRCA1 or
BRCA2 mutation positive included those with a documented deleterious mutation (del+) or
mutation of uncertain significance (del-) based on sequence data, and BRCA1 or BRCA2
mutation without further information (UK) (Figure 1).

Mean ages for all of the 173 BRCA1 and 172 BRCA2 mutation-positive cases were 46.4 and
48.7 years respectively (p = 0.024). Overall, neoplasia was identified in 19 of 349 (5.4%)
cases with any record of mutation and 18 of 313 (5.8%) cases with a documented deleterious
mutation in BRCA1, BRCA2 or both. Neoplasia was discovered in 13/154 (9.2%) and 5/148
(3.4%) cases with documented deleterious mutations in BRCA1 or BRCA2 respectively (p =
0.09). Mean ages for patients with neoplasia in the two groups were 52.8 and 58.4
respectively (p =.32).

Histologic findings in unsuspected neoplasms detected at or following RRSO
As shown in Figures 2A and 2B, patients with neoplasia were significantly older than
patients without evidence of disease (median age of patients with neoplasia 51, mean 54.4;
range 41–76, p=0.0009). Logistic regression analysis revealed a significant relationship
between age at time of surgery and likelihood of an unsuspected carcinoma (p<0.001).

Thirteen of 19 cases had serous HGTIN and another endometrioid HGTIN for a total of 74%
with evidence of an origin in the tubal mucosa. BRCA1 germ-line mutations were found in
14 of 19 (74%) overall, and 5 of 6 in Group I, 7 of 9 in Group II and 3 of 5 in Group III.

Mean age at time of diagnosis was 48.2 years for 6 cases with HGTIN alone 58.1 years for 7
cases with HGTIN and peritoneal involvement and 62.2 years for tumors without HGTIN
(two-tailed t-test comparing cases with HGTIN alone to more advanced lesions, p=0.63).

Clinical outcomes of early tubal-ovarian carcinoma: retrospective experiences from three
academic centers

To estimate the risk of recurrence following RRSO, 29 patients with BRCA1 and/or BRCA2
mutations with unsuspected neoplasia identified in RRSO specimens from three institutions
were followed. Median follow-up was 5 years; (range <1 year to 8 years). The cases were
subdivided into Groups I (11), II (12) and III (6). Two of 11 in Group I received
chemotherapy versus all in Groups II and III. Mean ages in this multi-institutional data set
for Groups I, II and III were 49.2, 56.9, and 61.0 years respectively. The differences in mean
age between group I and II and I and III approached statistical significance (p = 0.052 and
0.064, t-test) and patients with HGTIN alone (group I) were significantly younger than those
with more advanced disease (groups II and III; p = 0.027).
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Twelve patients with invasive or more advanced carcinoma underwent a second staging
laparoscopy, some including lymphadenectomy and omentectomy. Chemotherapy consisted
of platinum and paclitaxel based combinations in all cases with all patients receiving
intravenous therapy and one patient with a serosal metastasis documented at time of surgery
receiving intraperitoneal therapy. One patient who recurred subsequently received
gemcitabine for the recurrence. Two patients (both without evidence of early spread) have
died of unrelated causes. No deaths have been directly attributable to adnexal malignancies.

A recurrence was observed in 1 of 11 in Group I (9.1%), 2 of 12 in Group II (16.7%) and 1
of 6 in Group III (16.7%). The recurrence in the patient with HGTIN alone was
presumptive, based on ascites and increasing CA125, but no tissue diagnosis. Recurrence
developed at 4 years for the case in Group I, and 5, 5, and 6 years for the cases in Groups II
and III. There was no significant association between age and risk of recurrence (logistic
regression analysis p =.06). No recurrences developed within the followup period in treated
patients with microscopic serosal or ovarian metastases or peritoneal cytology in the absence
of gross metastatic disease.

DISCUSSION
This study addresses three questions concerning ovarian cancer in BRCAm+ women: 1)
Relationship of BRCA status to frequency of asymptomatic disease, 2) frequency of disease
in RRSOs and 3) Risk of recurrence on followup. Estimates of occult neoplasia in RRSOs
range from 2 to 17 per cent.4, 8, 12, 13, 14, 15, 18 In 2005, the SEE-FIM protocol was instituted
at Brigham and Women's Hospital and specified more thorough sectioning of the fimbriated
end to increase the amount of surface area evaluated in the fimbriated end.5 Since then,
100% of every fimbria has been examined in this manner in BRCAm+ women, including the
remainder of the tube, excepting rare instances when a segment in the proximal one-third
was retained for research.

The overall frequency of early neoplasia in this population ranged from 5.4% (for any record
of mutation) to 5.8% (deleterious mutations only). This is similar to a prior study by
Callahan et al from this institution that identified 7 cancers in 122 consecutive cases
(5.7%).12 As shown in Figure 2, the frequency of cases in which neoplasia was detected
increased significantly as a function of age. This indicates that the age of the cohort could
influence the detection rate. A similar size study of women with a somewhat younger mean
age (44) reported occult cancers in 8 of 360 (2.2%), including 6 HGTINs.19 Another
variable that might influence detection and age of presentation is BRCA mutation status. In
this study both the population and neoplasms associated with BRCA1 mutations were
younger than the BRCA2 mutation positive group. These differences were not highly
significant; however, BRCA1 mutation-positive women with symptomatic high grade pelvic
carcinoma are significantly younger than their BRCA2 mutation-positive counterparts
(Meserve et al, unpublished). Evidence thus suggests that BRCA1 mutation-positive
individuals may be more susceptible and at a younger age, in keeping the higher overall risk
of malignancy and adverse outcome in this subset.20, 21

BRCAm+ women who have undergone a RRSO with normal pathology have a reported 4–5
per cent risk of a pelvic serous cancer on follow-up, an approximately 4–9 fold greater risk
than the general population.22 Going forward, this risk will likely be revised downward with
the widespread adoption of protocols to thoroughly examine the distal fallopian tube. Such
protocols should lower the miss rate for microscopic tubal neoplasia (HGTIN) that could
later recur, but may not address other potential sources of disease .5, 8 Irrespective of site of
origin, the risk of later recurrence when carcinoma is discovered is substantial. Powell et al
noted a recurrence rate of 47% for cases with invasive carcinoma and in this study 17% (3 of
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18) cases with invasion more advanced disease recurred.23 These individuals invariably are
counseled to receive adjunctive therapy. The principal question is how to manage non-
invasive neoplasia (HGTIN). One of 17 (5.8) % high-grade intraepithelial neoplasms in the
study by Powell et al recurred at 43 months. In the current study 1 of 11 (9%) cases with
HGTIN alone recurred (Table 2). If the data from these two studies are combined, the risk of
recurrence following invasion or other evidence of spread (11 of 32) is significantly higher
than that for intraepithelial neoplasia (2 of 26; p=.024 by Fishers exact test). Wethington et
al noted no recurrences in 12 HGTINs over a median of 28 months.18 This supports
aggressive management when the tumor has spread or advanced, but does not support
prophylactic chemotherapy for HGTIN alone, pending additional data that would clarify
which patients with HGTIN were more likely to have a recurrence.

The BRCAm+ population plays an important role in efforts to devise models of frequency of
HGTIN and transit time from HGTIN to serous cancer. They bear on both efforts to estimate
the effectiveness of prophylactic salpingectomy in preventing this disease and screening
efforts to interrupt potentially curative stages of neoplasia. RRSO provides the unique
opportunity to detect disease early and crudely estimate the timing of progression from early
(such as HGTIN) to advanced disease by either following women with HGTIN or
comparing the mean ages of patients at different stages of disease. Several confounders are
unavoidable. The decisions of when to screen for BRCA mutations and when to perform
RRSO infuence the age at which an asymptomatic neoplasm will be detected. The timing of
testing is patient dependent and often influenced by concerns raised with the prior detection
of breast cancer. Moreover, BRCA2 mutation positive cohorts with or without neoplasia tend
to be slightly older than their BRCA1 counterparts, further confounding the interpretation of
age differences.

Three findings in this study and others suggest that there might be a substantial interval from
the onset of HGTIN to either asymptomatic or symptomatic spread. First, most HGTINs are
not associated with recurrences, indicating the acquisition of metastatic potential takes time
after a HGTIN emerges. Second, the mean ages for patients with localized HGTIN vs
HGTIN with advanced disease were 49.2 and 56.9 years, a difference that approached
significance. Third, the lag time from discovery of a HGTIN to (presumed) recurrence was
43 and 48 months in the two recurrences recorded this study and that of Powell et al. The
first two observations imply that the tubal serous carcinogenic pathway conceivably might
be interrupted by detecting pre-metastatic neoplasia, the removal of which would prevent
subsequent disease.

Although the above findings merit further studies to determine their relevance to serous
cancer prevention, an equally compelling question remains to be answered, which is a
paradox between the frequency of HGTIN in RRSOs vs cases of symptomatic, advanced
high-grade serous carcinoma. Estimates of associated HGTIN in unselected women with
symptomatic high grade cancer range from 19 to 59 percent, a distinct contrast to the rate of
74% in the asymptomatic population in this study. This implies that many cancers are not
initiated in recognizable HGTINs.24 Interestingly, Powell et al noted that the mean age of
their cases with invasion was significantly younger than those with intraepithelial neoplasia
only (50 vs. 55, p= 0.04).23 Whether these discrepancies are a function of demographics,
tissue sampling, different transit times, or variable pathways and organs (peritoneum, ovary
etc) involved in the pathogenesis of pelvic serous cancer remains to be determined.
However, it leaves open the possibility that more than one carcinogenic pathway is involved
in the development of high grade serous carcinoma, including one that manifests rapidly and
not clearly of tubal origin. In a study of registry data of 63 BRCAm+ cancers, Piek et al
noted only 6% were reported as tubal in origin. This figure is a likely underestimation of
tubal involvement, but nonetheless contrasts sharply with the detection rate in asymptomatic
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women.25 In a histologic analysis of tubes of symptomatic BRCAm+ women with carcinoma
using the SEE-FIM protocol, we have found STIC in less than 40% of cases (Meserve,
Schulte and Crum, unpublished). Thus, more thorough analysis of high-grade serous cancers
in symptomatic BRCAm+ women is needed to shed light on this question. 24

In summary, this study has shown a detection rate of 5.4% for early adnexal cancer in
BRCAm+ women undergoing RRSO and a recurrence rates of from 9–17% over 5 years
depending on extent at the time of RRSO. There is a low-rate of recurrence overall
following chemotherapy for local spread and an absence of cancer-related deaths in the first
five years following diagnosis. At this point there is no compelling justification for
prophylactic chemotherapy in cases with TIC alone. The precise lag time from localized to
more advanced disease remains unclear. Alternate pathways to neoplasia should be excluded
by meticulous pathologic studies of advanced high grade serous carcinomas in these women.
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• Adnexal neoplasia was found in ~5% of risk reduction surgeries for BRCA1 or
BRCA2 mutations

• Recurrences developed in from 9–17% over a median of 5 years followup.

• There were no ovarian cancer-related deaths at 5 years.
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Figure 1. BRCA1 and BRCA2 gene mutation status in the BWH cohort
A total of 385 patients were designated as having a BRCA gene mutation on the pathology
requisition submitted at the time of RRSO. Subsequent chart review revealed documented
mutations in BRCA1, BRCA2, or both (classified as “other”) in 349, whereas 36 cases were
not confirmed. The nature of the mutations (del = known deleterious, UK = exact mutation
unknown after chart review, indet = effect of mutation indeterminate) and frequency of
neoplasia in each category are shown.

Conner et al. Page 10

Gynecol Oncol. Author manuscript; available in PMC 2015 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Age distribution of patients undergoing risk-reducing salpingo-oophorectomy and
patients with neoplasia
A. Histogram showing ages for all patients undergoing risk-reducing salpingooophorectomy
at BWH (grey) and the subset of patients with neoplasia (red). Patients with neoplasia were
significantly older than patients without evidence of disease (p=0.0009). B. Age-related risk
of unsuspected neoplasia at RRSO. Patients were grouped into 5 year age bins and the
proportion of cases positive for neoplasia was plotted against age. Logistic regression
analysis demonstrated a significant relationship between age at time of surgery and
likelihood of an unsuspected neoplasia (p<0.001).
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