
Introduction

Ovarian cancer is the fifth leading cause of cancer death

in women in the United States. An estimated 21,290 women

would be diagnosed with ovarian cancer in 2015, approxi-

mately 80% women with ovarian cancer present with ad-

vanced Stage (III or IV) disease [1]. After cytoreductive

surgery and systemic chemotherapy, unfortunately, major-

ity of the patients will relapse and require further systemic

therapy. Irrespective of treatment selected, recurrent ovar-

ian cancer remains incurable at present; 14,180 patients

were projected to die from ovarian cancer in 2015, high-

lighting the great need for effective therapy [1]. 

Platinum-paclitaxel combination is regarded as the gold

standard to treat women with advanced ovarian cancer in

the frontline setting. The platinum-free interval (PFI) after

the initial therapy is widely used to predict the response and

duration of response to re-treatment with platinum-based

therapy as well as other agents such as taxanes or anthra-

cyclines. Therefore, the recurrent ovarian cancer has been

dichotomized to either platinum-sensitive (PFI > six

months) or platinum-resistant (PFI ≤ six months) disease

[2].

Platinum-sensitive recurrent ovarian cancer is generally

treated with platinum alone or in combination. Unfortu-

nately, most of platinum-sensitive ovarian cancer will de-

velop resistance to platinum as well as non-platinum agents

over time. By contrast, platinum-resistant recurrent ovar-

ian cancer is a totally different scenario. Within this cate-

gory, those patients which progress on platinum-based

therapy are defined as platinum-refractory disease. Plat-

inum-resistant/refractory recurrent ovarian cancer is gen-

erally treated with non-platinum-based chemotherapy [3].

In this setting, the most active agents have shown an over-

all response rate of 10-15%, with a progression-free sur-

vival (PFS) of less than four months and overall survival

(OS) of approximately one year [3-6]. There is definitely an

unmet medical need for this population of patients.

Recently, bevacizumab, an anti-angiogenesis agent, in
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combination with chemotherapy (weekly paclitaxel, lipo-

somal doxorubicin or topotecan) was demonstrated to have

a significant activity across all the treatment groups in plat-

inum-resistant recurrent ovarian cancer in AURELIA study;

median PFS was 6.7 months for bevacizumab plus

chemotherapy versus 3.4 months for chemotherapy alone

[7]. Chemotherapy with bevacizumab now represents a

new standard of care for platinum-resistant recurrent ovar-

ian cancer. Previously, carboplatin/gemcitabine/beva-

cizumab (PGA) combination was shown to prolong PFS in

platinum-sensitive, recurrent ovarian cancer patients [8].

However, platinum/gemcitabine with bevacizumab has not

been studied in platinum-resistant/refractory patients to the

best of our knowledge.

Here, the authors report their institutional experience

with treating platinum-resistant/refractory, recurrent ovar-

ian cancer patients with this three-drug regimen. This reg-

imen shows excellent tolerability and activity in this

difficult-to-treat group. 

Materials and Methods 

Study population
This retrospective analysis was approved by the Institutional Re-

view Board at Cancer Treatment Centers of America (CTCA). A

retrospective chart review was conducted in all patients with plat-

inum-resistant/refractory ovarian cancer treated with at least one

dose of triplet combination therapy containing a platinum agent,

gemcitabine and bevacizumab (PGA) at Western Regional Medical

Center, CTCA between July 2011 and December 2013. All pa-

tients had histologically confirmed recurrent epithelial ovarian can-

cer. Other demographic characteristics were documented including

age, sex, ethnicity, performance status, and prior therapies. 

All patients had disease progression during or within six months

of previous platinum-based chemotherapy including the following

four categories: 1) primary platinum-refractory: previously untreated

patients who do not achieve at least a partial response to platinum-

based chemotherapy; 2) primary platinum-resistant: previously un-

treated patients who have achieved at least a partial response to

platinum-based chemotherapy but experience a relapse within a pe-

riod of six months of its conclusion; 3) secondary platinum-refrac-

tory: previously treated patients have a relapse six months after the

conclusion of chemotherapy, but fail to achieve at least a partial re-

sponse; 4) secondary platinum-resistant: previously treated patients

have a relapse six months after the conclusion of chemotherapy,

achieve at least a partial response with platinum-based therapy as

second-line therapy, but experience relapse within six months. Re-

currence was confirmed by clinical examination, imaging studies,

and an increase of CA 125, a tumor marker if secreted by the ovar-

ian cancer. 

Assessment of response, PFS
Tumor response. Patients were assigned to one of the following

categories based on the response criteria outlined in RECIST 1.1:

1) complete response (CR); 2) partial response (PR); 3) stable dis-

ease (SD); 4) progressive disease (PD). An objective response was

defined as either a CR or a PR. Biochemical response was defined

as reduction of CA 125 levels to ≤ 50% of pretreatment levels.

Duration of response was determined for subjects with an objec-

tive response only and was defined as the period of time from the

date of first objective response to the date of progression. PFS

was defined as the period of time from the date of administration

of the first dose to the date that the subject was determined to have

PD or death due to any cause.

Assessment of toxicity
Toxicity related to the treatment regimen was evaluated and re-

ported in all the patients who received any amount of a platinum

agent, gemcitabine, or bevacizumab. Severity of toxicity was

graded according to the CTCAE version 4.03. 

Results

Patients
A total of 13 patients met the selection criteria, includ-

ing seven patients with primary resistant disease (7/13,

54%), three patients with secondary resistant disease

(23%), one patient with primary refractory disease (8%),

and two patients with secondary refractory disease (15%).

Patient characteristics are summarized in Table 1. The me-

dian age of the evaluable patients was 56 years. All patients

but one had histologically proven, grade 3 serous carci-

noma including two patients with papillary serous carci-

noma. The majority of patients had a performance status of

ECOG 1 (69%). Most of the patients were heavily pre-

Table 1. — Patient demographics (n=13).
Patient demographics No. of patients (%)

Age, years
Median 56

Range 25 − 65

ECOG performance status
0 3 (23)

1 9 (69)

2 1 (8)

Tumor histology
Serous 12 (92)

Endometrioid 1 (8)

Mucinous 0

Tumor differentiation grade
1 0

2 0

3 13 (100)

Number of prior chemo regimens
1 3 (23)

2 3 (23)

3 3 (23)

≥ 4 4 (31)

Platinum sensitivity
1° Platinum-resistant 7 (54)

1° Platinum-refractory 1 (8)

2° Platinum-resistant 3 (23)

2° Platinum-refractory 2 (15)

Previous exposure
Taxane 13 (100)

Gemcitabine 4 (31)

Bevacizumab 7 (54)

Gemcitabine + bevacizumab 3 (23)
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treated, having received over three lines of prior

chemotherapy regimens on average (range 1-11). All pa-

tients had previously received taxane therapy; four patients

received gemcitabine, seven patients failed combination

regimens including bevacizumab, and three patients pro-

gressed on chemotherapy including both gemcitabine and

bevacizumab.

Toxicity
One patient received carboplatin (AUC 5)/gemcitabine

(1,000 mg/m

2

on days 1 and 8)/bevacizumab (15 mg/kg)

every three weeks. Two patients received carboplatin (AUC

3)/gemcitabine (1,000 mg/m

2

)/bevacizumab (ten mg/kg)

every two weeks. Due to history of allergic reaction to car-

boplatin, one patient received cisplatin (75 mg/m

2

)/gemc-

itabine (1,000 mg/m

2

)/bevacizumab (15 mg/kg) every three

weeks, two patients received cisplatin (40 mg/m

2

)/gemc-

itabine (1,000 mg/m

2

)/bevacizumab (ten mg/kg) every two

weeks, and two patients (including one patient who re-

ceived cisplatin initially and developed allergic reaction to

cisplatin) received oxaliplatin (85 mg/m

2

)/gemcitabine

(1,000 mg/m

2

)/bevacizumab (ten mg/kg) every two weeks.

The majority of the patients (6/13, 46%) received carbo-

platin (AUC 5)/gemcitabine (1,000 mg/m

2

)/bevacizumab

(15 mg/kg) every three weeks. In general, the regimens

were well tolerated (Table 2). An average of seven (range:

1-14) cycles (defined as either every two or three weeks

depending on the regimen) of chemotherapy were deliv-

ered to each patient. Hair loss was not assessed; nausea was

uncommon with standard prophylactic antiemetics. Eleven

of 13 (85%) patients received growth factor support at

some point. As a result, only one patient (8%) developed

grade 3 neutropenia and neutropenic fever, requiring hos-

pitalization. There was no grade 4 neutropenia. Two pa-

tients developed grade 3 thrombocytopenia and no grade 4

thrombocytopenia was documented. Two patients (15%)

developed thrombosis in internal jugular vein, requiring

discontinuation of bevacizumab. One patient (8%) experi-

enced skin ulcer likely secondary to bevacizumab use. Two

patients (15%) developed three episodes of allergic reac-

tion (G2);  as a consequence platinum was discontinued in

both patients. No GI perforation was observed. 

Treatment efficacy
All 13 patients were assessed for biochemical and radi-

ographic responses. Ten of 13 (77%) patients had bio-

chemical response to the therapy. Of ten responders, one

(8%) patient achieved CR after six cycles of chemotherapy

with carboplatin (AUC 3)/gemcitabine (1,000 mg/m

2

)/be-

vacizumab (ten mg/kg) every two weeks followed by be-

vacizumab maintenance for 24 months, six (46%) patients

achieved PR for 6.8 months, three (23%) had stable disease

for 6.7 months (23%), and three (23%) patients had PD by

RECIST 1.1 criteria (Table 3). 

Discussion

Platinum-resistant/refractory ovarian cancer poses a

tremendous therapeutic challenge for clinicians. Cytotoxic

chemotherapy remains the mainstay to treat this entity of

disease. Re-treatment with platinum agents is highly de-

batable [9]. Platinum monotherapy has a response rate of

less than 10% in this setting [10, 11]. Conversely, as a sin-

gle agent, gemcitabine has one of the lowest response rates

in platinum-resistant ovarian cancer, as demonstrated in a

phase III randomized controlled trial [12]. Gemcitabine is

a deoxycytidine analogue, which disrupts DNA polymer-

ization during DNA synthesis; it has also been shown to in-

hibit ribonucleotide reductase, thereby disrupting DNA

repair mechanisms [13]. Enhanced DNA repair is one of

the mechanisms involved in platinum resistance commonly

observed in recurrent tumors previously exposed to plat-

inum therapy. In preclinical studies, the combination of

gemcitabine with cisplatin has been shown to have syner-

gistic activity with regard to platinum-DNA adduct forma-

tion [14, 15]. Oxaliplatin or cisplatin combined with

gemcitabine showed much greater activity with response

rate of approximately 30% in phase II studies [16, 17].

Thus, platinum-gemcitabine combination seems to repre-

sent a rational approach to treat platinum-resistant/refrac-

tory ovarian cancer. 

The favorable outcome demonstrated by AURELIA trial

has made chemotherapy (weekly paclitaxel, liposomal

doxorubicin or topotecan) plus bevacizumab increasingly

accepted as the front-line therapy for recurrent platinum-

resistant ovarian cancer. Like many other great trials, it

brings more questions than answers. There were three

chemotherapy regimens used in AURELIA: weekly pacli-

Table 2. — Toxicity of platinum/gemcitabine/bevacizumab.
Toxicity (grade) No. of patients (%)

Neutropenia (G3) 1 (8) 

Neutropenia (G4) 0 

Neutropenic fever 1 (8)

Thrombocytopenia (G3) 2 (15) 

Thrombocytopenia (G4) 0 

Skin ulceration (G3) 1 (8)

Venous thrombosis (G2) 2 (15)

Allergic reaction (G2) 3 (23)

Table 3. — Response to platinum/gemcitabine/bevacizumab.
Response type No. of patients (%) Duration of

response (months)

Complete response 1 (8) 24

Partial response 6 (46) 6.8

Stable disease 3 (23) 6.7 

Progressive disease 3 (23) 

Biochemical response 10 (77)
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taxel, liposomal doxorubicin or topotecan. The trial was

not powered to answer which regimen is the best when

combined with bevacizumab. Nonetheless, subgroup

analysis seems to suggest weekly paclitaxel plus beva-

cizumab represent the most active combination among

them, which prolonged PFS from 3.9 months to 10.4

months, much longer than liposomal doxorubicin or

topotecan combination with bevacizumab [18]. It is worth

noting that weekly paclitaxel, as a single agent, appeared

to be more active than liposomal doxorubicin or topote-

can, which is consistent with the present authors’ clinical

experience as well. This observation suggests that the

foundation for chemotherapy-bevacizumab regimens is

grounded on the inherent value of chemotherapy backbone

and that optimizing chemotherapy regimens might yield

even better treatment outcomes. Indeed in the present

study, the platinum-gemcitabine-bevacizumab was used to

treat this heavily pretreated population of patients. Ten of

13 (77%) patients achieved biochemical response and clin-

ical benefit. Of five patients who met the criteria of AU-

RELIA study (platinum-resistant ovarian cancer receiving

no more than two lines of therapy), one patient achieved

CR and four patients achieved PR, highly suggestive of

the great activity of the triplet regimen against platinum-

resistant disease. 

Ninety-three percent of the patients in AURELIA received

no prior antiangiogenic therapy, and thus no conclusions

could be drawn on the efficacy of bevacizumab in beva-

cizumab-pretreated patients [7]. In colorectal cancer, con-

tinuation of antiangiogenesis with second-line chemo-

therapy significantly improved OS in patients who had re-

ceived first-line bevacizumab-containing regimens [19, 20].

Studies in ovarian cancer addressing this issue are currently

ongoing. In this retrospective series, seven (54%) patients

had prior bevacizumab, three patients achieved PR, and one

patient had stable disease. It suggests that PGA could also be

effective in platinum-resistant ovarian cancer with previous

bevacizumab exposure. The present study also included

three patients who previously progressed on both gemc-

itabine and bevacizumab. One patient experienced PR, one

patient had stable disease, and one patient had symptomatic

improvement with decreased tumor marker after one cycle,

but unfortunately developed internal jugular vein thrombo-

sis and progressed shortly after bevacizumab discontinua-

tion. These results suggest the pivotal role of platinum in

this three-drug combination. In the present series, one pa-

tient developed allergic reaction to carboplatin, the other pa-

tients experienced allergic reaction to cisplatin first and

subsequently to oxaliplatin as well. In both patients, plat-

inum had to be discontinued. Both patients resulted in pro-

gression of disease to continuation of gemcitabine +

bevacizumab. These results also seem to support the notion

that platinum is essential for PGA to overcome platinum-

resistance/refractoriness. Gemcitabine is usually adminis-

trated weekly and routinely used in combination with either

biweekly or on a two weeks on, one week off schedule [8,

16]. However, gemcitabine is quite myelosuppressive when

used in combination with carboplatin to treat heavily pre-

treated patients, often requiring dose reduction and treat-

ment interruption. In the present study, 7/13 (54%) patients

received PGA with gemcitabine 1,000 mg/m

2

every three

weeks. Two patients had PD and five patients achieved PR.

It appears that when used as PGA triplet, gemcitabine every

three weeks might be sufficient to function as a sensitizer.

Based on this experience, gemcitabine is administered every

three weeks in the present authors’ current ongoing prospec-

tive study.

Platinum-refractory ovarian cancer presents the utmost

challenge to the treating physicians. It was excluded from

AURELIA and no standard therapy exists at the current

time. In the present study, one patient with primary refrac-

tory disease did not respond to PGA and two patients with

secondary refractory disease experienced stable disease,

suggestive of clinical benefit of PGA in this challenging

group of patients. 

In conclusion, combination of PGA appears to be safe

and very active against platinum-resistant/refractory ovar-

ian cancer and merits further evaluation prospectively. A

randomized phase II study (NCT01936974) is currently

under way to confirm this important finding.
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