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Abstract
Purpose—There are few validated relapse prediction biomarkers for epithelial ovarian cancer
(EOC). We have shown progranulin (PGRN) and secretory leukocyte protease inhibitor (SLPI) are
up regulated, overexpressed survival factors in EOC. We hypothesized they would predict
presence of occult EOC.

Methods—PGRN, SLPI, and the known biomarker HE4 were measured in EOC patient plasma
samples, prospectively collected every 3 months from initial remission until relapse. Clinical data
and CA125 results were incorporated into statistical analyses. Exploratory Kaplan-Meier
estimates, dividing markers at median values, evaluated association with progression-free survival
(PFS) and overall survival (OS). Area-under-the-curve (AUC) statistics were computed from
receiver operating characteristic (ROC) curves to evaluate discrimination ability. A Cox
proportional hazards model assessed the association between PFS, OS, and biomarkers, adjusting
for clinical prognostic factors.

Results—Samples from 23 advanced stage EOC patients were evaluated. PGRN at 3 months was
the only biomarker independently associated with PFS (P<0.0001) and OS (P<0.003). When used
to predict progression by 18 months, sensitivity and specificity were 93% and 100%, respectively,
with AUC = 0.944. The Cox model hazard ratio for PFS, divided at 59 ng/ml by ROC analysis and
adjusted for clinical factors, was 23.5 (95% CI: 2.49–220). Combinations with SLPI, HE4, and/or
CA125 did not improve the model.

Conclusions—We report pilot data indicating a potential independent association of PGRN on
EOC patient PFS and OS. A validation study will be required to confirm this finding and to inform
whether PGRN warrants evaluation as a potential screening biomarker.
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INTRODUCTION
Epithelial ovarian cancer (EOC) is the most lethal gynecology malignancy and the fifth most
common cause of cancer-related deaths in women in the United States [1]. Although 5-year
survival has improved steadily to 46% according to most recent SEER data [2], this can be
attributed to the application of aggressive cytoreductive surgery and combination
chemotherapy, including intraperitoneal administration, rather than early detection of
identification of women at high risk for early relapse. Early detection of EOC still remains
problematic, because a potential biomarker requires extraordinarily high specificity, given
the low prevalence of EOC in the general population [3]. Over 75% of women are diagnosed
with advanced disease FIGO stage III/IV, and the majority will relapse and die of their
disease [1,4,5]. Therefore, there is increasing interest in identifying early indicators of
relapse in the high grade, advanced stage EOC patient population as a means to further
improve progression-free (PFS) and overall survival (OS) by optimizing therapeutic
management [6–8]. It is proposed that biomarkers of minimal residual disease may have
value if applied towards early detection of the same generally high grade disease.

The serum CA125 concentration has been established as an important biomarker for
surveillance of EOC recurrence [9]. The whey acidic protein (WAP), human epididymis
protein 4 (HE4), was approved by the FDA recently as an aid in monitoring EOC
recurrence. HE4 has been examined both as a screening biomarker and as a predictor of
recurrence [10]. It has been shown to have limited overlap with benign gynecologic and
other diseases, unlike CA125 [10,11]; HE4 is expressed in 50% of clear cell EOC and not in
mucinous ovarian carcinomas [11], yielding non-overlapping activity. However, even the
two together have not yet been shown to be adequate for screening and they do not predict a
priori recurrence.

Secretory leukocyte protease inhibitor (SLPI), also a WAP protein, is made up of two WAP
domains with a 4-disulfide core, similar to HE4. Both proteins are located at chromosomal
region 20q12-13.1, and are amplified in EOC [12]. We have demonstrated that SLPI is a
proliferation and survival factor for EOC and it has been associated with aggressive and
malignant ovarian tumors in a protease-inhibitor independent fashion [13–15]. In addition,
SLPI was also found to antagonize paclitaxel cytotoxicity in ovarian cancer [14].
Progranulin (PGRN), found on chromosome 17q and upregulated in EOC, is a growth and
survival factor for both normal and cancer cells, and promotes angiogenesis and invasion.
[16–26]. PGRN partners with SLPI where SLPI prevents neutrophil elastase from cleaving
PGRN into pro-inflammatory granulins, and maintaining its survival activity [15,27].
Neutralizing and silencing studies have demonstrated that SLPI functions as a survival
chaperone for PGRN [15].

SLPI has been proposed as a biomarker for ovarian cancer diagnosis and screening, because
of its amplification and overexpression, but not as a predictor of recurrence [13,28–32]. We
prospectively collected serial blood samples during every 3 month monitoring from women
with advanced stage EOC who had attained a complete clinical remission after initial
surgical debulking and platinum/taxane adjuvant chemotherapy. We tested these samples in
a blinded fashion in a post-hoc exploratory biomarker study of PRGN and SLPI with CA125
and HE4 as controls. We report the discriminatory potential of PGRN to predict patients
who will recur within 18 months of completion of chemotherapy and for whom PFS and OS
may be significantly shortened.
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MATERIALS AND METHODS
Patients and clinical data collection

National Cancer Institute Institutional Review Board approval was obtained to examine
plasma samples previously collected during a prospective remission monitoring protocol
(NCT00020033). Participating women had advanced stage EOC, were in first complete
clinical remission (CCR: negative clinical examination, CT imaging, and normal CA125)
after debulking surgery and platinum/taxane adjuvant chemotherapy, and entered the
monitoring trial within 9 weeks of completion of therapy. Patients were followed with
history and physical examination, routine laboratory evaluation, chest/abdomen/pelvis CT
scan, CA125, and collection of research samples 1 and 3 months after study entry, and every
3 months for at least the first 3 years, every 6 months for the subsequent 2 years, then
annually after 5 years on study.

Clinical data were recorded prospectively in the protocol database and included patient age,
race, FIGO stage, histology and grade, clinical examination, CA125 concentration, and
imaging results at each visit. All patients were followed to recurrence, defined by biopsy-
confirmed disease or to last follow-up, prior to December 2009. Duration of PFS was
defined as the interval between documentation of CCR and confirmation of disease
recurrence by a tissue biopsy or continued CCR as of last follow- up.

Samples and ELISA assays
EDTA plasma samples were collected and plasma collected, aliquoted, and frozen within 4
hours of receipt and stored at −80°C until use; no freeze and thaw of samples was permitted.
The samples were number-coded and results blinded to the operator. Plasma PGRN and
SLPI concentrations were determined using a commercially available research ELISA kit
(R&D Systems, Minneapolis, MN). Plasma HE4 was measured using the FDA-approved
clinical ELISA assay (Fujirebio Diagnostics, Malvern, PA). Controls and samples were run
in triplicate to assure consistency and intra-sample variability was assessed. The overall
coefficient of variability (CV) between samples was ≤10% with mean CV of SLPI, PGRN,
and HE4 of 6% (range 1–15%), 9% (1–19%), and 8% (2–18%), respectively.

Statistical analyses
The relationship between biomarkers at CCR or at 3 months after CCR, and PFS or OS was
explored by Kaplan-Meier curves, with parameters divided at the median or at pre-specified
divisions defined by two standard deviations (2SD) above the mean specified by the
manufacturer’s published reference cohort. The significance of the difference between pairs
of Kaplan-Meier curves was determined by a two-tailed log-rank test. A Cox proportional
hazards model was used to assess the association between PFS and biomarker levels
adjusting for clinical prognostic factors. Logistic regression analyses were performed on
individual markers with potentially prognostic clinical factors, and on different biomarker
combinations to examine their association with progression by 18 months. Receiver
operating characteristic (ROC) curves were plotted, and area-under-the-curve (AUC)
statistics were computed to explore the best cutoff value for PGRN that may be associated
with predicting progression by the fixed time points of 12 months, 16 months (median for
this cohort), and 18 months before relapse. The 12 and 18 months periods have been defined
in the gynecologic oncology community as time-to-recurrence cut-offs for secondary
surgical debulking [33]. The biomarker intervals were selected around the experimental
median to assure a reasonable number of recurrences for examination. PGRN was re-
examined using intervals defined by the ROC analysis.
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All statistical tests are two-sided, and presented without adjustment for multiple
comparisons. P values of less than 0.05 were considered to be statistically significant.
Analyses were conducted using SAS version 8.2 (SAS institute, Cary, NC), with exception
of ROC curves and AUC statistics, which were done using SPSS version 17.0 (SPSS Inc.,
Chicago, IL).

RESULTS
Patients

Twenty-three patients in first CCR were enrolled between December 2000 and April 2005
(characteristics, Table 1). All patients were found to have been optimally debulked (<1cm
residual) upon chart review. A total of 246 plasma samples were evaluated. The median PFS
and OS were 15.4 months (range, 3–96) and 54 months (10–96), respectively, with median
follow up of 16 months (6–96). Known clinical prognostic factors such as age, grade, and
stage were incorporated into the analyses. Over 90% of patients had Stage III grade 3 EOC
of different histological types.

PGRN is a predictor of PFS and OS
Initially, PGRN, SLPI, HE4 and CA125 were considered individually for their relationship
to PFS using Kaplan-Meier analyses, dividing the cohorts at the sample median and 2SD
above the mean. HE4 and CA125 were not associated with recurrence of EOC, testing
individual values at study entry and 3 and 6 months from CCR. HE4 and CA125 functioned
as monitoring biomarkers of disease progression, changing over time as a herald of potential
relapse. In patients who relapsed, CA125 began to change 3 months (median, range 0–8)
prior to clinical recurrence in 50% of the patients (sensitivity 50%, specificity 100%). Other
relapsed patients did not have elevated CA125 concentration at the time of clinical
progression. HE4 concentrations were considered positive if there was at least a 25%
increase from the previous value according to the clinical parameters defined by the
manufacturer (Fujirebio Diagnostics, Malvern, PA). The test was a positive indicator at a
median of 3 months (range 0–8) prior to clinical relapse in 83% of patients. SLPI
concentrations which were higher than the 36 ng/ml median of this experimental cohort at 3
months was associated with shorter PFS (P = 0.0063). However, this SLPI concentration is
within the normal range defined from 40 random blood samples by the manufacturer
(average 40ng/ml [range 29–51]; R&D Systems, Minneapolis, MN), complicating
interpretation and use of SLPI as a predictor.

The 3 month value of PGRN was significantly associated with PFS when patients were
grouped using the experimental PGRN median of 59.4ng/ml (P<0.0001) as well as 2SD
above the mean of normal samples defined by the manufacturer (66ng/ml, P=0.0002;
defined mean 44.2ng/ml [range 27.4–67.2]). PGRN was next evaluated by ROC analysis to
define the best cut-off value for definition of recurrence at a fixed time point within this
experimental cohort.

Optimization of the PGRN cut-off value
ROC curve analysis was performed to identify the optimal PGRN discrimination cut-point.
Data were examined at the PFS median (16 months) and at 12 and 18 months (Figure 1 and
Table 2). The cut-off value, which was also identified using logistic regression, was defined
as 59ng/ml, with an AUC of 0.944 as an indicator of predictive ability at 18 months with a
sensitivity of 93% and specificity of 100%, PPV of 100% and NPV of 90%. Kaplan-Meier
curve analyses were revisited to evaluate PGRN as predictive of PFS and OS at this
experimentally defined cut-point (Figure 2), showing PGRN was significantly associated
with both PFS (P<0.0001) and OS (P<0.003). Figure 2A presents the Kaplan-Meier
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estimates of PFS when patients were grouped using a PGRN concentration ≤59ng/ml as a
cut-off. The 5-year PFS rates for patients with a PGRN concentration at this ROC-defined
cut off value were 60% compared to 0% for PGRN >59ng/ml (P<0.0001, log-rank test for
overall difference). Elevated circulating PGRN at this cut-off also significantly
discriminated poor OS as shown in Figure 2B (P<0.003).

PGRN is an independent predictor of PFS
A Cox proportional hazards model analysis was performed to examine the independence of
PGRN when considered with other biomarkers and clinical parameters. The association
between 3-month PGRN <59 and PFS was very strong when adjusted for other covariates
with HR=23.5 (95% confidence interval CI: 2.49–221; P<0.006; see Table 3). All other
variables (age, stage, and tumor grade) and markers (CA125, HE4, and SLPI) examined
were not significantly associated with PFS in this otherwise homogeneous population.
PGRN was significant for OS by univariate Kaplan Meier analysis (P<0.003), with a trend
for this association by Cox multivariate OS model (P=0.10). This was due to the limited
analytical power of only 11 total deaths in our patient cohort and inclusion of multiple
clinical parameters with PGRN and other markers in the analyses. However, consistent with
the Kaplan-Meier and log-rank test results, a Cox proportional hazards model including
PGRN alone showed this parameter to be significant in its association with overall survival
(HR 7.80; 95% CI: 1.64–37.1; p=0.01).

DISCUSSION
Many biomarkers have been proposed as prognostic indicators of EOC patient survival [34].
However, limited value has been observed by their addition to the current biomarker
repertoire. We hypothesized that evaluation of survival-associated proteins as potential
blood-based biomarkers indicative of minimal residual disease may be prognostic of both
PFS and OS. We elected to examine a secreted protein pair, SLPI and PGRN, in recognition
of their potent pro-survival and dissemination activity in EOC [13–16,18,19,25]. SLPI, a
relative of HE4, was of interest but did not reach the level of importance and independence
of its partner protein, PGRN. The isolated value of PGRN at a time at which the patient was
expected to have the lowest occult tumor burden and the least potential for chemotherapy
bias, the point of initial clinical complete remission at discontinuation of adjuvant therapy,
was a potent and independent predictor of poor PFS and OS in this high grade advanced
stage cohort. No added value was found when the FDA-approved biomarkers CA125 [9]
and HE4 [10] were examined with PGRN and/or SLPI. Further studies should include
validation of this finding in remission prediction, and examination of PGRN in pre-
diagnostic sera where its signal of occult disease may be useful in development of a
screening tool for aggressive subtype EOC.

Several reports have suggested that the absolute concentration of serum CA125 may be a
prognostic marker of relapse and death, even when CA125 is within the normal range.
Patients with normal CA125 were divided into arbitrary groups based upon on their CA125
nadir (10 vs. 11–20 vs. 21–35U/ml) [35–38]. Prat et. al showed an absolute increase of
CA125 of 5U/ml over baseline significantly predicted recurrence of advanced EOC with a
median lead time of 58 days in patient cohorts similar to ours [39]. We did not observe this
in Kaplan Meier analyses at the CA125 median of 12U/ml or at 10U/ml (P=0.24 and 0.51,
respectively). Our study included only patients in clinical remission, and therefore had a
limited CA125 dynamic range. Recently, Rustin et al. reported a physician’s knowledge of
and response to a rising CA125 had no impact on ovarian cancer survival [24,40]. We found
that the single value of PGRN at 3 months clinical response is significantly elevated in
patients who recur before 18 months from CCR after chemotherapy. This discovery is
different from other markers such as HE4 and CA125, that monitor recurrence by observing

Han et al. Page 5

Gynecol Oncol. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



change in concentration as disease progresses. These findings could be combined for patient
stratification in trials of maintenance therapy versus monitoring for high recurrence risk
women.

Our exploratory study found the remission value of PGRN is an independent biomarker
predictive of PFS less than 18 months and poor OS in patients what would be a good
prognosis CCR group of patients. This 3 month time point was selected to minimize
biomarker bias due to recent chemotherapy exposure. These results complement our prior
findings of high PGRN gene and protein expression in serous stage III ovarian cancers
compared with serous borderline ovarian tumors [19,25] and a related report that increased
PGRN expression in ovarian cancer, tumor stroma, and metastases was associated with poor
clinical outcome [25]. Pizarro et al. demonstrated an association between PGRN
overexpression and a tumor promoting phenotype in ovarian cancer, showing PGRN
protects ovarian cancer cells from chemotherapy-associated tumor injury [26]. Tumor
PGRN expression was also recently correlated with poor outcome in a third study. Cuevas-
Antonio et al. showed that patients with high mRNA progranulin expression in their
corresponding ovarian tumor specimens had significantly worse OS compared to patients
exhibiting low-progranulin mRNA levels [41]. Thus, both circulating PGRN as shown in
our findings, and tumor PGRN expression are important prognostic tools with which to
predict poor EOC outcome.

We along with others have shown SLPI to be important biochemically and have
demonstrated that SLPI is over-expressed and amplified in ovarian cancer [3,13–15,28–32].
Patients in this study with higher SLPI concentrations had significantly shorter PFS on
Kaplan-Meier analyses. However, this cut-off concentration was within the range of the
normal population provided by the kit manufacturer, defined by 40 random blood samples.
Therefore, we conclude that SLPI may not have strength as a biomarker discriminant. We
suggest, though, that the definition of the normal range for SLPI may need to be reexamined
to provide a normal range more reflective of women in this age group. Although SLPI may
not function as a prognostic biomarker, its biochemical function to protect and partner with
PGRN makes it of biological interest. Biomarker positivity of PGRN, with its known
biochemical pro-survival interaction with SLPI, may also identify a group of patients who
may benefit from SLPI-targeted therapy, which is credentialed but not yet ready for clinical
application [13–15]. Addition of SLPI to PGRN in our biomarker analysis did not add
further value to the PGRN findings.

Although this is a small post-hoc study of 23 patients, this cohort comprises a relatively
homogeneous population of advanced stage high-grade EOC patients who had optimal
cytoreductive surgery and platinum/taxane-based chemotherapy. This is a cohort for whom
early and frequent recurrence is expected and is confirmed with the cohort median PFS of 16
months. The median PFS and OS were comparable to those of the report of Prat et al. that
examined 96 patients with similar clinical characteristics [38,39]. The unexpected findings
of strong statistically significant merit of the initial PGRN value, and absence of utility of
CA125, HE4, or combinations, suggests that either this is an unusually biased subset of
otherwise unselected patients, or that this is a new and potentially valuable finding. These
exploratory analyses will require independent validation. ROC analyses should be revisited
to confirm the optimal cut-off value in a larger cohort. Validation of this finding can lead to
consideration of PGRN as a discriminant with which to stratify high-risk patients in a
maintenance clinical trial setting. The high initial PGRN concentration at the time of
presumed optimal surgical and chemical cytoreduction is predictive of poor outcome and
leads to the hypothesis that it also may be a marker of occult high-grade disease. We also
will be examining PGRN in a pre-diagnostic sample set to assess its potential value in
screening and early diagnosis of the aggressive high-grade tumors.
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Figure 1. ROC curve analysis identifies the best cut-off value of PGRN at 3 months
A. Ovarian cancer recurrence before 12 months (AUC = 0.825). B. Ovarian cancer
recurrence before 16 months (median; AUC = 0.848). C. Ovarian cancer recurrence before
18 months (AUC = 0.944). AUC = area under the curve.
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Figure 2. Kaplan-Meier analyses of PGRN using best cut-off value defined by the ROC curve
A. PFS according to PGRN concentration at 3 months. The PFS for the PGRN high group
was 12 months and PGRN low group was 46.5 months. B. OS according to PGRN
concentrations at 3 months.
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Table 1

Patient demographics and clinical characteristics.

Characteristics No. of patients (%)

Race

 African-American 1 (4.3)

 Caucasian 22 (95.6)

Age, yrs

 Mean 52 (range 42–77)

Ovarian cancer stage

 Stage III 21 (91)

 Stage IV 2 (9)

Type of adenocarcinoma

 Papillary serous 12 (52)

 Endometrioid 2 (9)

 Clear cell 2 (9)

 Transitional 1 (4)

 Mixed 4 (17)

 Not otherwise classified 2 (9)

Histologic grade

 2 1 (4)

 3 22 (96)
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Table 2

ROC Analysis

Time Best cut point AUC Sensitivity Specificity

12 Months 69 ng/ml 0.825 87.5% 80.0%

16 Months (median) 59 ng/ml 0.848 91.7% 81.8%

18 Months 59 ng/ml 0.944 92.9% 100%
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Table 3

Cox proportional hazards model for PFS.

Parameter and cut-off values Hazard ratio (95% CI) P value

Age, years ≤ 52 vs. >52 (median) 1.236 (0.390–3.922) 0.72

Stage IIIa/b vs. IIIc/IV 0.402 (0.121–1.34) 0.14

CA125 *(> 10 U/ml vs. ≤ 10 U/ml) 1.923 (0.594–6.229) 0.28

SLPI (<=36 ng/ml vs. >36 ng/ml) 1.566 (0.418–5.869) 0.51

HE4 (<=74 pM vs. >74 pM) 1.973 (0.609–6.386) 0.26

PGRN (<=59 ng/ml vs. >59 ng/ml) 23.458 (2.49–221) 0.0058

*
CA125, SLPI, HE4, and PGRN values at 3 months
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