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Abstract

Objectives—The study objective was to determine the prognostic significance of serum CA-125
levels in patients with grade 1 serous ovarian carcinoma (SOC) enrolled in a Phase 111 study.
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Methods—An ancillary analysis of a phase 111 study of women with advanced epithelial ovarian
cancer treated with carboplatin/paclitaxel versus triplet or sequential doublet regimens. Grade 1
SOC was used as a surrogate for low-grade serous carcinoma.

Results—Among 3686 enrolled patients, 184 (5%) had grade 1 disease and CA-125 levels
available. For those with grade 1 SOC, the median patient age was 56.5; 87.3% had Stage 111
disease. Median follow-up was 102 months and there was no difference in pre-chemotherapy
CA-125 by treatment arm (P = 0.91). Median pretreatment CA-125 for those with grade 1 SOC
was lower (119.1) than for patients with grade 2—-3 SOC (246.7; P < 0.001). In those with grade 1,
pretreatment CA-125 was not prognostic of outcome. However, patients with CA-125 levels that
normalized after cycle 1, 2 or 3 were 60-64% less likely to experience disease progression as
compared to those who never normalized or normalized after 4 cycles (P < 0.024). Normalization
of CA-125 levels before the second cycle was negatively associated with death, with a HR of 0.45
(P =0.025).

Conclusions—Pretreatment CA-125 level was significantly lower in women with grade 1 SOC
compared to those with high-grade SOC. While pretreatment CA-125 was not associated with
survival, serial CA-125 measurements during chemotherapy treatment were prognostic, with
normalization before the second chemotherapy cycle asso ciated with a decreased risk of death.
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Introduction

CA-125 (cancer antigen 125) is a protein encoded by the MUC16 gene in humans and is the
serum tumor marker most closely associated with epithelial ovarian cancer (EOC) [1].
Originally described by Bast et al. in 1981, it is an antigenic determinant on a high
molecular weight glycoprotein found on the epithelial surface of reproductive tract organs
and the periotoneum and is recognized by the murine monoclonal antibody OC-125 [1,2].
Elevations in serum CA-125 values >35 U/mL have been documented in greater than 85%
of women diagnosed with ovarian cancer [3,4], especially in those with advanced stage
disease.

In an ancillary analysis of seven Phase |1l Gynecologic Oncology Group (GOG) trials,
pretreatment CA-125 level was found to be an independent predictor of progression-free
survival (PFS) in patients with advanced EOC treated with a standard chemotherapy
regimen, particularly in the serous tumor subtype [5-12]. While the utility and prognostic
value of CA-125 are well known in those with high-grade serous disease, it has not been
well documented for women with lower-grade serous tumors [15]. Recent studies suggest a
two-tiered classification for serous tumors into low-grade (which account for 10% of all
EOCs) and high-grade serous carcinoma, based upon molecular and pathologic differences
[13,15]. Historically, women with grade 1 serous tumors have been included in Phase Il
GOG studies along with those diagnosed with higher grade tumors. However, the grade 1
tumor cohort has constituted a small proportion of the total study subjects enrolled in these
trials. In order to develop a better understanding of the regression rates and prognostic value
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of CA-125 in those with grade 1 serous carcinoma treated with platinum/taxane therapy, an
ancillary analysis of a cooperative group, Phase Il trial was conducted. Specifically, the
study purpose was to determine the prognostic significance of pre- and post-treatment serum
CA-125 levels, with a secondary aim of compare CA-125 levels between those with grade 1
to higher grade serous ovarian carcinoma.

This was an ancillary data analysis of GOG-182, a multi-center, phase 111 study of EOC
patients with optimal (maximal diameter of residual disease <1.0 cm) and suboptimal (>1.0
cm) residual disease treated with carboplatin/paclitaxel alone or in combination with triplet
or sequential doublet regimens [16]. All women received the backbone of intravenous
carboplatin/paclitaxel with the addition of pegylated liposomal doxorubicin, topotecan or
gemcitabine. Each arm included 8 cycles of triplet or sequential-doublet chemotherapy,
which provided a minimum of 4 cycles that incorporated experimental treatments while
maintaining at least 4 cycles with carboplatin and paclitaxel. For the current investigation,
women diagnosed with grade 1 serous carcinoma (e.g., low-grade serous carcinoma, or
LGSC) were the primary focus. However, those with grade 2/3 serous tumors (utilized as a
surrogate for high-grade serous carcinoma (HGSC)) were also studied in select comparative
demographic and survival analyses. Central pathology review of all tumors studied in the
current analysis had been performed by the GOG Pathology Committee (of note, this
committee reviewed the pathology of all study subjects enrolled from the U.S., which
represented approximately 85% of all trial subjects). Prechemotherapy cycle serum CA-125
levels (units/mL), demographic, clinical and surgical factors were evaluated for their effect
on PFS and overall survival (OS) outcomes. Specifically, in GOG-182, serum CA-125
values were drawn from patients within two weeks of initiating chemotherapy, prior to every
three-week treatment cycle and post-treatment. For purposes of this analysis, the commonly
accepted definition of normal CA-125 <35 U/mL was employed.

Residual disease status after primary cytoreductive surgery was defined as optimal
microscopic residual (no gross residual disease), optimal (0.1-1.0 cm maximal diameter
residual disease), or suboptimal (>1.0 cm maximal diameter residual disease). Because of
small counts in some of its categories, race was collapsed into the categories White (N =
172), Black (N = 9), and other (N = 8). Categorical variables were evaluated by the Pearson
chi-square test [17] and continuous variables by the Wilcoxon—Mann-Whitney test [18] or
the Kruskal-Wallis test [19]. Kaplan—-Meier survival curves [20] stratified by residual-
disease status, tumor grade, and other clinicopathologic factors were calculated, then
compared using the log-rank test [21]. The Cox proportional hazards model [22] was used to
evaluate independent prognostic factors (identified from previous GOG studies) and to
estimate their covariate-adjusted effects on PFS and OS. All statistical tests were two-tailed
with the significance level set at a = 0.05. Statistical analyses were performed using the R
programming language and environment [23].

Landmark analysis is a kind of survival analysis that classifies patients according to some
intermediate, non-outcome event that is nevertheless a response to treatment. In a landmark
analysis, the starting point for measuring survival is moved from a patient's study entry to
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some later time when the event of interest has been observed in most patients. Patients that
have experienced the outcome (i.e. have not survived) before the new landmark point are
excluded from analysis, and the event of interest is evaluated at the landmark point; the
result is the establishment of a new baseline time before which the event most likely occurs
and after which the patient must survive. This procedure reduces the bias inherent in
comparing the survival of patient subgroups defined by a treatment response that happens
after study entry. To reduce bias resulting from subgroups based on CA-125 normalization
throughout treatment, our model to evaluate the effect of that normalization on survival only
considered patients who had completed all 8 cycles of chemotherapy (N = 156).

Among the original 3686 eligible patients enrolled in GOG-182, 189 had grade 1 serous
carcinoma; 184 patients had baseline CA-125 levels available for analysis. The median
patient age of the low-grade cohort was 56.5; 87.3% had Stage 111 disease and 12.7% had
Stage IV disease (Table 1). With respect to residual disease status after primary
cytoreductive surgery, 24.9% had microscopic residual, 51.3% had 0.1-1.0 cm and 23.8%
had >1 cm residual disease remaining. When compared to the higher-grade cohort, those
with grade 1 disease were younger, had a higher BMI and were less likely to have ascites at
diagnosis (Table 1; all P < 0.001).

Although CA-125 levels were initially elevated in the majority of patients with grade 1
SOC, overall those with grade 1 disease had a significantly lower median pretreatment
CA-125 value (119.1) than those with high-grade disease (246.7; P < 0.001). Significantly
fewer patients with grade 1 SOC (84.8%) had pretreatment CA-125 values above normal
(>35 U/mL) than those with higher grade SOC (93.2%) (Table 1; P < 0.001). Some variation
in the interval between surgery and chemo (median 25 days, IQR 18-32 days) existed,;
however, this did not impact survival for those with grade 1 SOC. Median follow up was
102 months. There was no difference in pretreatment CA-125 levels or outcomes among
grade 1 cohorts treated with platinum/taxane doublet versus triplet combinations. When
comparing grade 1 to the higher grade cohort, there were no differences in overall best
response to chemotherapy or in recurrence outcomes (Table 2). However, significantly more
women with grade 1 SOC were alive at the end of the study period than those with higher-
grade serous disease (30.7% vs. 22.5%, P = 0.01).

When stratified by residual disease status after primary surgery, the median pre-
chemotherapy-treatment CA-125 levels for patients with grade 1 serous and microscopic
residual, optimal residual (0.1-1.0 cm), and suboptimal residual (>1.0 cm) disease were
68.3, 116.0, and 156.0, respectively (Fig. 1). In most patients with grade 1 SOC, a maximum
CA-125 value was noted immediately prior to the first cycle of chemotherapy (90.7%; Fig.
2).

On multivariate analysis, only residual disease status was associated with PFS and OS (P <
0.006; Table 3). Pretreatment CA-125 was not associated with outcome. However, patients
with CA-125 levels that normalized after cycle 1, 2 or 3 were 60-64% less likely to
experience disease progression as compared to those who never normalized or normalized
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after 4 cycles (P < 0.024; Table 4). The adjusted hazard ratios for death from disease in
patients that normalized after 1, 2 or 3 cycles were 0.45 (P = 0.025), 0.65 (P = 0.24), and
0.42 (P =0.06), respectively (Table 3 and Fig. 2). Compared to the other disease-residual
cohorts, a higher percentage of patients with suboptimal residual disease never achieved
CA-125 normalization (27% versus 19% for 0.1-1.0 cm residual and 2% for microscopic
disease, P =.003).

Lastly, the Kaplan Meier OS curve stratified by CA-125 level is illustrated in Fig. 3. Median
OS for those who did not experience normalization of CA-125 was 23.0 months, compared
with 77.7, 46.8, 53.4 and 38.1 months for those who normalized before cycles 2, 3, 4, and 5,
respectively.

Discussion

In recent years, serum CA-125 levels have been established as a valuable tool for the
diagnosis of EOC, in defining disease prognosis and monitoring of treatment [24,25]. Serum
CA-125 values before and after treatment with first-line platinum/taxane-based chemo-
therapy are well characterized in those with high grade SOC. A study conducted by the
Medical Research Council in the United Kingdom concluded that the CA-125 at the third
course of chemo-therapy carried the greatest prognostic significance of any measurement
during treatment of primary disease [24]. Additionally, in an ancillary analysis of seven
GOG Phase I1I trials, pretreatment CA-125 level was an independent predictor of PFS in
women with advanced serous EOC treated with a standard chemotherapy regimen [5].
Greater than 90% of the patients treated on these trials had grade 2 or 3 disease, and the
survival improvements observed based on CA-125 levels were particularly notable in the
setting of disease cytoreduction to microscopic residual.

The prognostic value of CA-125 measurements in those with lower grade SOC is not as well
studied. In the current report, median pretreatment CA-125 levels were elevated in most
women with grade 1 SOC (84.8%; Table 1) but were significantly lower (median 119.1
U/mL vs. 246.7 U/mL, P < 0.001) than those with higher-grade serous disease. It is not clear
why CA-125 levels are generally lower in those with grade 1 disease. It is possible that the
higher-grade serous tumors produce more CA-125 antigen on the surface of the ovarian
cancer tumor cells, or that the lower mitotic index of the low-grade tumors may result in less
antigen shed into the blood stream. In the current study, significantly more study subjects
with high-grade serous disease were diagnosed with ascites at presentation (75.7%) than
their stage-matched counterparts with low-grade disease (63.1%, P < 0.001; Table 1); this
may also account for the differences observed in baseline serum CA-125 levels between the
cohorts.

Pretreatment CA-125 level was not associated with survival in the grade 1 cohort; this may
be partly explained by the fact that approximately one-third of the cohort had a pretreatment
CA-125 of less than 70 U/mL. However, serial CA-125 measurements during chemotherapy
treatment were prognostic of disease progression and survival, with normalization before the
fourth chemotherapy cycle associated with improved PFS and normalization before the
second cycle associated with OS. These results are fairly concordant with those observed in
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the Medical Research Council study, although normalization of CA-125 prior to the second
instead of the third cycle of chemotherapy was associated with improved OS in the low-
grade GOG-182 cohort. Overall, these data suggest that CA-125 may be a sensitive
biomarker of response to treatment and is predictive of outcome in this low-grade serous
carcinoma subgroup.

A recent ancillary study of GOG 182 demonstrated that in women with grade 1 serous
carcinoma, surgical cytoreduction to microscopic residual after primary surgery was the
most compelling prognostic factor associated with PFS and OS [26]. In fact, the survival
differences in those who underwent surgery to microscopic residual compared with those
who were left with macroscopic disease were more striking in the low grade than in the
high-grade serous cohort. This may be due to the relative chemoresistance of the low-grade
versus the high-grade serous tumors [27,28], and therefore, the potential benefit associated
with maximal cytoreductive surgery may be more pronounced in this cohort than in those
with high grade disease. In the current ancillary study, patients with suboptimal residual
disease were less likely to ever achieve CA-125 normalization. Overall, CA-125 correlated
well with cytoreductive status after primary surgery and is a serum bio-marker predictive of
disease progression and survival outcome after chemotherapy treatment. CA-125 may be
particularly useful to the clinician in the surveillance of women with grade 1 serous
carcinoma, as it appears to be a somewhat sensitive indicator of residual disease status and
progression. Given that grade 1 tumors are slow growing and that the mainstay of treatment
is surgery, early detection of recurrences potentially amenable to resection via measurement
of CA-125 levels is of interest.

In the last decade, low-grade serous carcinoma has been recognized as a distinct entity, with
clear biologic and pathologic evidence indicating that these tumors develop via different
pathways than their high grade counterparts [14-20,28,29]. While the high grade tumors
exhibit an abundance of p53 mutations and grow rapidly, the low grade tumors are
distinguishable by mutations in the RAS— RAF-MAPK pathways and for their indolent
nature [26]. These clinicopathologic factors may account for the fact that conventional
cytotoxic chemotherapy agents have not exhibited exceptional activity against low-grade
serous carcinoma tumors. A recent Phase 1l GOG study of selumetinib, a MEK 1/2 inhibitor,
demonstrated tolerability and excellent activity in recurrent low-grade serous carcinoma
[30]. The development of specific targeted therapies with benefit in this cohort of patients
further underscores the importance of identifying those with low-grade disease by the two-
tiered criteria. Additionally, identification of novel biomarkers that may predict response to
targeted therapies and may be used in conjunction with serum CA-125 is needed to better
tailor the therapies for women with advanced, low-grade disease.

Study limitations include the retrospective data collection and that precise timing of the
CA-125 collection was not specified by the protocols, resulting in specimens collected at
various times before chemo-therapy was initiated. However, while there was some variation
in the interval between surgery and chemo, the length of the interval was not associated with
survival in the grade 1 serous patients. Because of the lack of paired preoperative and
postoperative CA-125 values, the immediate impact of cytoreductive surgery on baseline
CA-125 values could also not be assessed. Further, previous studies suggest that surgical
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trauma may temporarily elevate the CA-125 level in patients with benign disease and a
previously normal level, while cytoreductive surgery for ovarian cancer commonly leads to
a decrease in an elevated CA-125 level [5,31]. Finally, in evaluating the association between
CA-125 normalization cycles and survival, we excluded patients that did not complete 8
cycles from the analysis, in order to minimize bias. Study strengths include the centralized
pathology and data review and the analysis of a large cohort of women with advanced, grade
1 SOC treated in a randomized, cooperative group trial with a consistent chemotherapy
regimen.

This is one of the first reports addressing CA-125 response rates and their prognostic
significance in women with grade 1 SOC, a surrogate for low-grade serous disease, treated
with first-line platinum/taxane-based chemotherapy. Pretreatment CA-125 level was
significantly lower in women with grade 1 compared to those with grade 2/3 disease.
Although pretreatment CA-125 was not associated with survival, serial CA-125
measurements during chemotherapy treatment were prognostic of outcome, with
normalization prior to the fourth chemotherapy cycle associated with survival decreased risk
of progression and normalization before the second cycles associated with a decreased risk
of death. While CA-125 appears to be a prognostic tool and biomarker of chemotherapy
response in this cohort, further studies are needed to identify more refined biomarkers and
genes with potential prognostic significance.
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Fig. 1.
Median CA-125 (U/mL) by chemotherapy cycle and residual disease status.
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Patients’” (N = 184) peak CA-125 values by the cycle when they occurred.
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Overall survival based on CA-125 normalization during chemotherapy treatment.
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Table 1
Low grade (LGSC: grade 1) versus high grade serous carcinoma (HGSC: grade 2/3) patient characteristics
(GOG-182).
Variable N LGSC N =189 HGSC N =1763 Test statistic
Ageyeass (IQR) 1952  56.5 (46.6-64.3) 59.3 (51.6-67.3) b <0001t
Race/ethnicity 1952 P=0 7312
White 91.0% (172) 90.5% (1596)
Black 4.8% (9) 4.1% (72)
Other 4.2% (8) 5.4% (95)
BMlygimz (IQR) 1871  26.6 (23.4-30.3) 25.2 (22.2-29.6) P=0 0071
Performance status 1952 P = 0.44 42
Normal, asymptomatic 49.2% (93) 48.8% (860)
Symptomatic, ambulatory 46.0% (87) 44.0% (776)
Symptomatic, in bed 4.8% (9) 7.2% (127)
FIGO stage 1952 p= 0.2842
1l 87.3% (165) 84.3% (1487)
v 12.7% (24) 15.7% (276)
Cytoreductive status 1952 p= 0.1062
Microscopic 24.9% (47) 20.3% (358)
Optimal (0.1-1 cm) 51.3% (97) 49.1% (866)
Suboptimal (> 1 cm) 23.8% (45) 30.6% (539)
Baseline CA-125 y (IQR) 1882  119.1(51.8-323.9) 246.7 (101.8-719.8) (001
Baseline CA-125 jmL 1882 P < 00012
<35.1 15.2% (28) 6.8% (116)
35.1-70.0 20.1% (37) 8.9% (151)
>70.0 64.7% (119) 84.3% (1431)
Ascites 1905 p< 0.0012
No 36.9% (69) 24.3% (418)
Yes 63.1% (118) 75.7% (1300)

N is the number of non-missing values. Median values are given for continuous variables, followed by their interquartile range (IQR). Numbers

after percents are frequencies.

Tests used
1 .
Wilcoxon test

2
Pearson test.

Gynecol Oncol. Author manuscript; available in PMC 2015 April 08.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Fader et al.

Low grade (LGSC) versus high grade serous carcinoma (HGSC) patient outcomes (GOG-0182).

Table 2

N LGSCN=189 HGSCN=1763 Test statistic
Best response to therapy 1947 P=0.191
Stable disease 7.4% (14) 7.3% (128)
Partial response 6.3% (12) 9.0% (159)
Complete response 2.1% (4) 4.4% (77)
Increased disease 0.0% (0) 0.5% (9)
Non-measurable, N/A 84.1% (159) 77.7%(1366)
Not evaluable 0.0% (0) 1.1% (19)
Recurrence 1952 P =0.216
No 13.2% (25) 16.7% (295)
Yes 86.8% (164) 83.3% (1468)
Survival 1952 P =0.012
Censored 30.7% (58) 22.5% (397)
Death 69.3% (131) 77.5% (1366)

N is the number of non-missing values.
Numbers after percents are frequencies.

Test used: Pearson test.
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PFS and OS of LGSC population by prognostic factors (multivariate analysis).

Table 3

N adiHRi(PFs)  PT AdiHR®*(0s) PT

Age years 189  1.00 (0.99-1.01) 0.769 1.00(0.99-1.02) 0.838
Race/ethnicity

White 172 Referent - Referent -

Black 9 0.42(0.19-0.92) 0.031 0.59(0.21-1.66) 0.317

Other 8 0.65(0.28-1.48) 0.304 1.32(0.54-3.24) 0.538
Performance status

0 93 Referent - Referent -

1-2 87 1.26 (0.90-1.78) 0.181 1.47(1.00-2.17) 0.048

3 9  0.84(0.40-1.78)  0.648 1.16(0.53-2.53) 0.719
FIGO stage

11 165 Referent - Referent -

v 24 1.30(0.81-2.08) 0.282 1.04(0.61-1.76) 0.890
Baseline CA-125,;,. 184 1.11(0.97-1.27)  0.137 1.13(0.98-1.30) 0.094
Ascites

No 69 Referent - Referent -

Yes 118 1.21(0.81-1.80) 0.344 1.18(0.76-1.82) 0.465
Residual disease status

Microscopic 47 Referent - Referent -

0.1-1.0 cm 97 3.13(1.96-4.98) <0.001 2.31(1.37-3.90) 0.002

>1.0cm 45 3.31(1.87-5.85) <0.001 2.45(1.30-4.64) 0.006

Tests used
TWald test.

a . .
Hazard ratios (HR) are unitless
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Table 4

CA-125 normalization and survival in LGSC cohort of GOG-182.

CA-125 normalization N Adj. HRE (PFS) p t Adj. HR® (09) p t
No normalization 18 Referent - Referent -
Before cycle 2 67 0.38(0.20-0.73) 0.004 0.45(0.22-0.91) 0.025
Between cycles2and3 35 0.36(0.18-0.73) 0.004 0.65(0.32-1.33) 0.242
Between cycles3and4 18 0.40(0.18-0.89) 0.024 0.42(0.17-1.03) 0.059
After cycle 4 18 070 (0.32-152) 0.365 0.91(0.41-2.02) 0.826

PFS is progression-free survival; OS is overall survival.

Tests used

TWald test.

aHazard ratios (HR) are unitless. HRs are followed by their 95% confidence intervals.
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