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Abstract

Objectives—Granulosa cell tumors (GCTs) comprise 2-5% of ovarian tumors. Serum Miillerian
Inhibiting Substance (MIS, also known as anti-Millerian Hormone, or AMH) levels have been
validated as a marker of GCT recurrence and progression. There has been little correlation between
serum MIS/AMH levels several clinical parameters in GCTSs, including tumor burden. We have
performed a retrospective review correlating aggregate tumor mass as reported by pathologic
examination or by radiology with serum MIS/AMH levels drawn on the date of examination.

Methods—We retrospectively identified 32 GCT patients at our institution over the last 15 years
who had serum MIS/AMH measurements. Patients who had serum MIS/AMH measurements within
three days of surgery or on the same day as abdominal computerized tomography scan (CT) or
magnetic resonance imaging (MRI) were further evaluated.

Results—We found a significant direct correlation between patient serum MIS/AMH levels and
gross aggregate tumor mass determined by pathology (slope=15.4+6.06, r=0.65, p<0.04) or by
radiographic aggregate tumor mass for all data points identified (slope=0.07+0.03, r=0.33, p<0.04)
and after correcting for selection bias (slope=1.45+0.17, r=0.93, p<0.01). We also identified a
significant difference between serum MIS/AMH levels between samples drawn the same day as
negative and positive abdominal CT or MRI scans (8.16+1.54 vs. 158.7+32.2 ng/ml, p<0.0001).

Conclusions—These data indicate a significant direct correlation between serum MIS/AMH levels
and both gross and radiographic aggregate tumor mass in GCT patients. Together with the current
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literature, the present data argues for a more prominent role for serum MIS/AMH in the management
of GCTs.

Introduction

Granulosa cell tumors (GCT) of the ovary are uncommon tumors derived from the granulosa
cells. They comprise 2-5% of all ovarian cancers [1]. Of the two types of GCTs, the adult type
is the more common form, with the juvenile type representing only 5% of all GCTs [1]. Initial
therapy consists of surgery with or without postoperative chemoradiation. Though initial
therapy is oftentimes successful, adult GCT is an indolent disease with median time to relapse
estimated at 4 to 6 years after diagnosis [1]. For this reason, GCT patients often require long-
term follow-up and surveillance.

Mdillerian Inhibiting Substance (MIS, also known as anti- Miillerian hormone, AMH) is a
transforming growth factor-beta family member which is responsible for regression of the
Muillerian ducts during embryonic development [2]. MIS/AMH has since been shown to have
important functional roles in the post-natal life of both sexes [2,3]. Utilizing the MIS/AMH
enzyme-linked immunosorbent assay (ELISA) we [4] and others [5-8] have established
normative serum MIS/AMH levels for both sexes from infancy to adulthood. In females, MIS/
AMH levels are undetectable before puberty after which levels rise to a baseline range of 2-5
ng/ml for the duration of premenopausal adult life [2]. Reports describe undetectable to
minimal variation to serum MIS/AMH levels with the menstrual cycle in premenopausal
women [3,9]. After menopause, serum MIS/AMH levels return to undetectable levels [7]. In
males, serum MIS/AMH is detectable throughout life [4].

Since the initial report of elevated MIS/AMH levels in GCT patients [10], serum MIS/AMH
levels have been validated as a marker of disease recurrence, progression and treatment efficacy
in adult-type GCTs [7,11,12]. To date, however, there has been little correlation in GCT
patients between serum MIS/AMH levels several clinical parameters, including total tumor
burden. To this end, we have performed a retrospective review correlating gross aggregate
tumor mass as reported by pathologic examination and radiographic aggregate tumor mass as
reported by radiology with serum MIS/AMH levels drawn near or on the date of examination.

Materials and Methods

Data Collection

Institutional Review Board approval was obtained. A retrospective review of records at the
Massachusetts General Hospital was performed which identified 32 patients with a diagnosis
of GCT over the last 15 years who have been treated at our institution and also had serum MIS/
AMH measurements. Patients who had serum MIS/AMH determinations within 3 days before
surgery and patients who had serum MIS/AMH determinations on same day as either an
abdominal computerized tomography (CT) scan or magnetic resonance imaging (MRI)
(including those performed for follow-up) were identified for further analysis. External
referrals who had either their surgery or chemotherapy at another institution were excluded.

Gross aggregate tumor mass was calculated from pathology reports by multiplying the reported
dimensions in millimeters of each mass and summing the values of those patients with multiple
nodules. Patient CT or MRI reports were reviewed and radiographic aggregate tumor mass was
calculated by multiplying the dimensions for each nodule reported by the radiologist and
summing the values of multiple nodules. Serum MIS/AMH levels were determined by ELISA
as described in Hudson et al, 1990 [4].
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Statistical Analysis

All statistical analysis was performed using Graph Pad 5 software. A p-value of <0.05 was
used for determining correlation by a significantly non-zero linear regression slope as well as
a comparison of serum MIS/AMH level means using an unpaired two-tailed t-test.

Results

Serum MIS/AMH levels correlate with gross aggregate tumor mass

To explore a possible correlation between serum MIS/AMH levels and aggregate GCT tumor
burden, an analysis of aggregate GCT tumor mass as reported by pathologic examination in
relation to serum MIS/AMH levels was performed. From the total of 32 patients with the
diagnosis of adult GCT and serum MIS/AMH determinations, 11 separate patients were
identified who had serum MIS/AMH measurements within 3 days before surgery. The
remaining patients had MIS/AMH measurements too far removed from the date of surgery.
The patient ages at the time of surgery ranged from 31 to 70 years with a mean of 52.1 years
and the reported aggregate tumor mass ranged from 11.7 to 1575 mms3, with a mean of 392.6
mm3. Specimen-matched serum MIS/AMH values ranged from 2.0 to 60.0 ng/ml with a mean
value of 24.9 ng/ml. Linear regression analysis of these patients showed that there was a
significant direct correlation between gross aggregate tumor mass as reported by pathology
and serum MIS/AMH levels (slope=15.4+6.06, r=0.65, p<0.04, Fig. 1).

Serum MIS/AMH levels correlates with radiographic aggregate tumor mass

To explore further the relationship between GCT tumor burden and serum MIS/AMH levels,
analysis of tumor burden was expanded to include radiologic estimates of aggregate tumor
mass. A total of 43 serum MIS/AMH measurements performed the same day as abdominal CT
or MRI were identified among 13 separate follow-up patients. The age of the patients at the
time of examination ranged from 35 to 87 years of age with a mean of 51.6 years and the
aggregate tumor mass ranged from 0 to 193 mm3, with a mean of 34.4 mm3. Radiology-
matched serum MIS/AMH levels ranged from 0 to 1200 with a mean of 115.4. Analysis of the
43 serum MIS/AMH measurements with radiographic aggregate tumor mass showed a
significant direct correlation between these two measurements (slope=0.07+0.03, r=0.33,
p<0.04, Fig. 2A).

The most conservative approach to analyze the data showing serum MIS/AMH correlates with
radiographic tumor mass is to examine the levels associated with the smallest radiographic
aggregate tumor mass for each patient. Linear regression analysis of this subset of data points
again showed that there was a significant correlation between serum MIS/AMH levels and
radiographic aggregate tumor mass (slope=1.45+0.17, r=0.93, p<0.01, Fig. 2B).

Additionally, analysis was performed to correlate serum MIS/AMH levels to the radiographic
presence of disease. Serum MIS/AMH levels drawn the day of abdominal CT or MRI studies
that reported no detectable disease were compared to levels drawn the day of radiographic
studies that reported the presence of disease (as evidenced by a visible mass). The average of
19 serum MIS/AMH levels drawn the day of negative radiographic studies was 8.16+1.54 ng/
ml with a range of 0 to 25.0 as compared to an average serum MIS/AMH of 158.7+32.2 ng/
ml with a range of 3.6 to 458.0 for the 22 levels drawn when radiology reported the presence
of a mass (p=0.0001, Fig 3).

Discussion

Our data suggests that there is a direct correlation between the serum MIS/AMH levels of GCT
patients and the aggregate tumor mass as measured by pathologic examination of surgical
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specimens or radiographic examination. While it has been previously established that MIS/
AMH is a robust marker of tumor recurrence and treatment efficacy in patient surveillance
more sensitive than serum inhibin levels and more specific than estradiol levels [7,10,11], these
data show, for the first time, a significant correlation between aggregate tumor mass and serum
MIS/AMH levels both in pathological specimens and, importantly, determined non-invasively
by abdominal CT or MRI. Furthermore, the data also showed a dramatic difference in serum
MIS/AMH levels in those patients with radiographically detectable disease when compared to
those this negative radiology during follow-up.

There was no statistically significant difference in either patient ages at the time of procedure
(51.2 vs.52.6 years, p=0.93) or serum MIS/AMH levels (24.9 vs. 115.4 ng/ml, p=0.18) between
the pathology specimens and radiology reports, respectively. We did notice that the average
reported tumor size was larger in the pathology specimens than in the radiographic
measurements (392.6 vs. 34.4 mm3, p<0.005). We attribute this difference to the fact that most
of the surgical specimens were produced during initial mass resection, while most of the
radiographic examinations were performed during follow-up as surveillance after initial
resection or chemotherapy. As a result, radiographically surveyed masses were not allowed to
grow as large as the initial masses before additional therapy was performed.

Though a correlation between tumor size and serum MIS/AMH levels may be intuitive given
that granulosa cells are the source of MIS/AMH in the adult female [13,14], there is evidence
to suggest otherwise. A recent report presented evidence that there was an inverse correlation
between tumor size and tumor tissue MIS/AMH expression as detected by
immunohistochemistry [15], though corresponding serum levels were not reported in these
cases. Additionally, while the study addressed the size of the a single tumor, the present study
accounts for total tumor burden rather than the individual largest mass. Together with the
current data supporting the use of MIS/AMH in following GCT patients (reviewed in La Marca
and Volpe 2007, Ref. 3), the present data would argue for a more prominent role for serum
MIS/AMH measurements in the clinical management of GCTs. To facilitate its use in
subsequent surveillance, we strongly recommend establishing a serum MIS/AMH baseline at
the time of diagnosis of GCT, including obtaining serum samples in the operating room. Serum
MIS/AMH assays are readily commercially available.

Although the study is retrospective, subject to the variability of pathologic and radiographic
reports, and reflective of small numbers, these correlation data do strongly indicate a significant
direct relationship between total tumor mass and serum levels of MIS/AMH. As it is apparent
that further work, ideally multi-center and prospective, is needed to clarify definitively the
relationship between serum MIS/AMH levels and important clinical parameters such as tumor
burden, stage at diagnosis, duration of disease, likelihood of recurrence, and prognosis. The
present findings would serve well as the ground work for these future studies.
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Figure 1. Serum MIS/AMH measurements correlate with gross aggregate tumor mass

Linear regression analysis shows significant direct correlation between patient serum MIS/
AMH levels in ng/ml drawn within 3 days before surgery and gross aggregate tumor mass in
mm?3 as determined by pathology examination of surgical specimens. Each data point
represents a separate patient. The dotted lines indicate 95% confidence bands. (slope=15.4
+6.06, r=0.65, p<0.04).
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Figure 2. Serum MIS/AMH measurements correlates with radiographic aggregate tumor mass
(A) Linear regression analysis shows significant direct correlation between patient serum MIS/
AMH levels in ng/ml drawn the day of radiographic study and radiographic aggregate tumor
mass. The 43 data points includes measurements from 13 patients during the course of follow-
up. The dotted lines indicates 95% confidence bands. (slope=0.07+0.03, r=0.33, p<0.04). (B)
To reduce selection bias, the single smallest tumor size estimation by radiology for each patient
was correlated with serum MIS/AMH levels drawn the same day. Linear regression analysis
of this subset also shows significant correlation. Each data point represents a separate patient.
The dotted lines indicate 95% confidence bands. (slope=1.45+0.17, r=0.93, p<0.01).
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Figure 3. Serum MIS/AMH measurements correlates with radiographically detectable GCT mass
A comparison of serum MIS/AMH levels in ng/ml drawn the day of radiology studies that
reported no detectable masses (n=19) to levels drawn the day of radiology studies that reported
adetectable mass (n=22) in follow-up GCT patients showed that levels were significantly lower
at times when a mass was detected by either abdominal CT or MRI (8.16+1.54 vs. 158.7+32.2
ng/ml, p<0.0001). Error bars represent standard error of the mean.
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