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41.1             Introduction 

 The worldwide incidence of ovarian cancer is 
estimated to be 225, 000 cases per year [ 1 ]. In 
Europe, there are approximately 65, 697 new 
cases and 41, 448 ovarian cancer-related deaths 
per year [ 1 ]. While women with disease confi ned 
to the ovaries (stage I) usually have a good out-
look (5-year survival of >90 %), due to the lack 
of well-defi ned symptoms, the vast majority (75–
80 %) unfortunately present with more advanced 
disease (FIGO III-IV) and little prospect of cure, 
with a 5 year survival rate of approximately 40 % 
[ 2 ]. Around 90 % of ovarian carcinomas are epi-
thelial in origin whereas the remainder arise from 
germ cells or stromal cells. The principles of the 
initial management of epithelial ovarian cancer 
has remained largely unchanged over the years 
and consists of attempted maximal cytoreductive 
surgery and platinum-based chemotherapy. 
Improvements in surgical techniques and chemo-
therapy strategies have led to improved clinical 
outcomes. However, disease recurrence and drug 
resistance continue to pose persistent manage-
ment challenges. Advances in our knowledge of 

the molecular biology underlying ovarian cancer 
coupled with development of novel agents offers 
promise. A number of clinical trials address the 
optimal schedule, mode of administration of 
established chemotherapy drugs and the integra-
tion of targeted agents. This chapter provides an 
overview of the initial management of advanced 
ovarian cancer and the integration of targeted 
therapies in this setting.  

41.2     Systemic Therapy 
for the Initial Management 
of Advanced Ovarian Cancer 

 The current international standard of care for 
advanced ovarian cancer is either initial or  interval 
optimal cytoreductive surgery (no residual dis-
ease) and a total of six cycles of three-weekly 
intravenous (IV) chemotherapy with  carboplatin 
(area under the curve [AUC] 5–7.5) given in 
combination with paclitaxel (175 mg/m 2 ) [ 3 ]. 
Chemotherapy given following surgery is termed 
‘adjuvant’ and upfront chemotherapy followed by 
interval debulking surgery is referred to as ‘neo-
adjuvant.’ The recommendation of a platinum/
paclitaxel combination is based on a series of 
phase III studies over the last two decades which 
address type of platinum, combination therapy, 
dosage and scheduling [ 4 – 7 ] (see Table  41.1 ). 
The results of the Gynecologic Oncology Group 
(GOG) 111 trial demonstrated the importance of 
incorporating taxanes into fi rst line  chemotherapy 
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   Table 41.1    Key fi rst line adjuvant trials for the treatment of advanced epithelial ovarian cancer   

 Study  N 
 Study 
population  Treatment arms 

 PFS 
(months)  OS (months) 

 GOG 111  410  Stage III with 
residual disease 
>1 cm after 
initial surgery 
or stage IV 
disease 

 Cisplatin (75 mg/m 2 )/Cyclophosphamide 
(750 mg/m 2 ) 

 13  24 

 Cisplatin (75 mg/m 2 )/Paclitaxel (135 mg/
m 2  over 24 h) 

 18 
(p < 0.001) 

 38 
(p < 0.001) 

 EORTC-NCIC 
OV-10 

 680  FIGO stage 
IIB-IV with 
either ≤1 cm 
residual disease 
or >1 cm 
residual disease 
after initial 
surgery 

 Cisplatin (75 mg/m 2 )/Cyclophosphamide 
(750 mg/m 2 ) 

 11.5  25.8 

 Cisplatin (75 mg/m 2 )/Paclitaxel (175 mg/
m 2  over 3 h) 

 15.5 
(p < 0.0005) 

 35.6 
(p = 0.0016) 

 GOG 132  648  Stage III with 
residual disease 
>1 cm after 
initial surgery 
or stage IV 
disease 

 Cisplatin (100 mg/m 2 )  16.4  30.2 
 Paclitaxel (200 mg/m 2  over 24 h)  10.8  25.9 
 Cisplatin (75 mg/m 2 )/Paclitaxel (135 mg/
m 2  over 24 h) 

 14.1 
(p = 0.002) 

 26.3 
(p = 0.310) 

 ICON 3  2,074  All FIGO stages 
irrespective of 
optimal or 
sub-optimal 
debulking 

 CAP *  or Carboplatin (AUC5 or 6)  16.1  35.4 

 surgery  Carboplatin (AUC5 or 6)/Paclitaxel 
(175 mg/m 2  over 3 h) 

 17.3 
(p = 0.16) 

 36.1 
(p = 0.74) 

 AGO-OVAR-3  798  FIGO stage 
IIB-IV 

 6 cycles of Carboplatin (AUC6)/Paclitaxel 
(185 mg/m 2  over 3 h) 

 17.2  43.3 

 6 cycles of Cisplatin (75 mg/m 2 )/Paclitaxel 
(185 mg/m 2  over 3 h) 

 19.1 NS  44.1 NS 

 GOG-158  792  FIGO stage III 
with ≤1 cm 
residual disease 
after initial 
surgery 

 6 cycles of Carboplatin (AUC7.5)/
Paclitaxel (175 mg/m 2  over 3 h) 

 20.7***  57.4*** 

 6 cycles of Cisplatin (75 mg/m 2 )/Paclitaxel 
(135 mg/m 2  over 24 h) 

 19.4  48.7 

 Dutch-Danish 
Intergroup 
study 

 208  FIGO stage 
IIB-IV 

 ≥6 cycles of Carboplatin (AUC5)/
Paclitaxel (175 mg/m 2  over 3 h) 

 N/A  32 

 ≥6 cycles of Cisplatin ((75 mg/m 2 )/
Paclitaxel (175 mg/m 2  over 3 h) 

 30 (HR1.07; 
95 CI, 
0.78-0.48) 

 GOG 218  1,873  FIGO stage III 
or stage IV 

 6 cycles Carboplatin (AUC6)/Paclitaxel 
(175 mg/m 2 ), placebo with cycles 2–22 

 10.3  N/A 

 Carboplatin (AUC6)/Paclitaxel (175 mg/
m 2 ), bevacizumab (15 mg/Kg) with cycles 
2–6 followed by placebo cycles 7–22 

 11.2 
(p = 0.16) 

 Carboplatin (AUC6)/Paclitaxel (175 mg/
m 2 ), bevacizumab (15 mg/Kg) with cycles 
2–22 

 14.1 
(p < 0.001) 
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with platinum [ 4 ]. Four  hundred and ten women 
with advanced ovarian cancer and residual masses 
larger than 1 cm after initial surgery were random-
ized to receive cisplatin (75 mg/m 2 ) with either 
cyclophosphamide (750 mg/m 2 ) or paclitaxel 
(135 mg/m 2  over 24 h). Progression free survival 
(PFS), (median, 18 vs. 13 months, p < 0.001) and 
overall survival (OS), (median 38 vs. 24 months, 
p < 0.001) were signifi cantly longer in the cis-
platin/paclitaxel arm compared to cisplatin/
cyclophosphamide in women with sub-optimally 
debulked ovarian cancer.

   The results of the European and Canadian 
Intergroup trial (EORTC-NCIC OV-10) provided 
confi rmatory evidence for cisplatin and pacli-

taxel as the standard regimen in advanced ovarian 
cancer [ 5 ]. Compared to GOG-111, this study 
had a broader selection of patients by also includ-
ing patients with optimally debulked stage III or 
IV disease, as well as those having FIGO stage 
IIB or IIC disease and allowed recruitment of 
patients who had undergone interval debulking 
surgery. Additionally, the dose of paclitaxel was 
higher (175 mg/m 2  vs. 135 mg/m 2 ) with a shorter 
infusion time of 3 h, instead of 24 h, as this strat-
egy had previously been found to be more conve-
nient, produce less neutropenia, as well as confer 
a PFS advantage. After a median follow-up of 
38.5 months, a longer PFS (15.5 vs. 11.5 months, 
p = 0.0005) and OS (35.6 vs. 25.8 months, 

Table 41.1 (continued)

 Study  N 
 Study 
population  Treatment arms 

 PFS 
(months)  OS (months) 

 ICON 7  1,528  High risk early 
stage disease 
(FIGO stage I 
OR IIA and 
clear cell or 
grade 3 tumors) 
or advanced 
ovarian cancer 
(FIGO IIB-IV) 

 6 cycles of Carboplatin (AUC 5 or 6)/
Paclitaxel (175 mg/m 2 ) 

 17.3  28.8** 

 6 cycles Carboplatin (AUC 5 or 6)/
Paclitaxel (175 mg/m 2 )/bevacizumab 
(7.5 mg/Kg) +12 cycles bevacizumab 
maintenance or until disease progression 

 19 
(p = 0.004) 

 36.6** 
(p = 0.002) 

 Intraperitoneal (IP) chemotherapy studies 
 GOG 104  546  Stage III with 

debulking 
surgery to a size 
of ≤2 cm 
residual 

 6 cycles of 3-weekly IV 
cyclophosphamide (600 mg/m 2 )/IV 
Cisplatin (100 mg/m 2 ) 

 41 

 6 cycles of 3-weekly IV 
cyclophosphamide (600 mg/m 2 )/IP 
Cisplatin (100 mg/m 2 ) 

 49 (p = 0.02) 

 GOG 114  462  Stage III with 
≤1 cm residual 
disease after 
debulking 
surgery 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/ IV Cisplatin (75 mg/m 2 ) 

 22  52 

 2 cycles of 4-weekly IV Carboplatin (AUC 
9) followed by 6 cycles of 3-weekly IV 
paclitaxel (135 mg/m 2 )/IP Cisplatin 
(100 mg/m 2 ) 

 28 
(p = 0.01) 

 63 (p = 0.05) 

 GOG 172  415  Stage III with 
≤1 cm residual 
disease after 
debulking 
surgery 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/ IV Cisplatin (75 mg/m 2 ) 

 18.3  49.7 

 6 cycles of 3-weekly IV paclitaxel 
(135 mg/m 2 )/IP Cisplatin (100 mg/m 2 ) on 
day 2 and IP paclitaxel (60 mg/m 2 ) on day 
8 

 23.8 
(p = 0.05) 

 65.6 
(p = 0.03) 

  * CAP  cyclophosphamide (500 mg/m 2 ), doxorubicin (50 mg/m 2 ) and cisplatin (50 mg/m 2 ), **OS from pre-planned 
analysis in patients at highest risk of progression (stage III with >1 cm residual disease or stage IV), fi nal OS data NS, 
***Relative risk (RR) of progression 0.88(95 % CI 0.75–1.03, RR of death 0.84(95 % CI 0.70–1.02),  NS  not statisti-
cally signifi cant,  HR  hazard ratio  

41 Neoadjuvant and Adjuvant Chemotherapy for Advanced Ovarian Cancer, Including Biological Agents



444

p = 0.0016) was observed in the cisplatin and 
paclitaxel arm compared to the cisplatin and 
cyclophosphamide arm. 

 However, the GOG-132 trial which compared 
cisplatin (100 mg/m 2 ) or paclitaxel (200 mg/m 2  
24 h infusion) monotherapy with the cisplatin 
(75 mg/m 2 ) and paclitaxel (135 mg/m 2 ) combina-
tion therapy in suboptimally debulked stage III 
or IV ovarian cancer did not fi nd any difference 
in PFS or OS in the combination arm compared 
to either of the monotherapy arms [ 6 ]. Similarly, 
the International collaborative ovarian neoplasm 
(ICON)-3 group study which compared carbo-
platin (AUC5, if glomerular fi ltration rate (GFR) 
used and AUC6, if Cockcroft Gault equation 
used) and paclitaxel (175 mg/m 2  over 3 h) against 
either single agent carboplatin (AUC5 or 6) or a 
combination of cyclophosphamide (500 mg/m 2 ), 
doxorubicin (50 mg/m 2 ) and cisplatin (50 mg/m 2 ) 
(CAP) also failed to show an OS advantage for 
the carboplatin/paclitaxel arm [ 7 ]. A likely expla-
nation for the lack of survival advantage seen in 
GOG-132 and ICON3 is that a signifi cant pro-
portion of patients crossed over prior to progres-
sion (>20 %) thereby diminishing any potential 
survival benefi t in the platinum/paclitaxel arms. 
A possible interpretation of the results is that 
sequential treatment with platinum/paclitaxel is 
equivalent to the combination. 

 Once the role of paclitaxel in combination 
with a platinum agent was established, the AGO-
OVAR- 3, GOG-158 and Dutch-Danish Intergroup 
studies concluded that fi rst line chemotherapy 
with carboplatin and paclitaxel was at least as 
effective and associated with a better toxicity 
profi le than the cisplatin combination [ 8 – 10 ].  

41.3     Optimizing First-Line 
Combination Chemotherapy 

 Following the adoption of carboplatin in combi-
nation with paclitaxel every 3 weeks for six 
cycles as the international standard of care, issues 
including choice of taxane, triple therapy, che-
motherapy scheduling and mode of delivery to 
further improve outcome have been evaluated. 
However, many questions regarding the 

 optimization of chemotherapy in this setting 
remain unclear and the results of ongoing studies 
are awaited. 

    Choice of Chemotherapy 

 The Scottish Randomised Trial in Ovarian Cancer 
(SCOTROC)-1 established that the substitution 
of paclitaxel (175 mg/m 2 ) with docetaxel (75 mg/
m 2 ) was not inferior in terms of survival or clini-
cal response and was associated with less neuro-
toxicity, at the expense of increased grade 3/4 
neutropenia [ 11 ]. Carboplatin in combination 
with docetaxel may be an acceptable alternative 
to carboplatin/paclitaxel for some patients where 
neurotoxicity is a particular concern. 

 Several phase III trials have addressed the 
addition of a third cytotoxic agent to  carboplatin/
paclitaxel [ 12 – 14 ]. The GOG0182-ICON5 was a 
randomized, phase III trial containing fi ve arms 
which incorporated gemcitabine, liposomal 
doxorubicin, or topotecan compared with carbo-
platin and paclitaxel [ 14 ]. The addition of a third 
cytotoxic agent has not been shown to improve 
long-term clinical outcomes and is associated 
with increased hematological toxicity.  

    Scheduling of Carboplatin/Paclitaxel 

 The standard of care is a three-weekly schedule 
of carboplatin and paclitaxel. However, it has 
suggested that a dose-fractionated schedule may 
enhance antitumor activity leading to improved 
survival. A Japanese study JGOG3016 set out to 
address this. The study compared six cycles of 
dose dense weekly paclitaxel (80 mg/m 2 , given 
IV over 1 h) in addition to 3-weekly carboplatin 
(AUC6) against 3-weekly carboplatin (AUC 6) 
and paclitaxel (180 mg/m 2  IV over 3 h) in patients 
with advanced ovarian cancer [ 15 ]. Despite 
higher rates of myelosuppression, delays and 
dose modifi cations in the dose dense group, at the 
median follow up period of 76.8 months, the 
median PFS (28.2 months vs. 17.5 months, 
P = 0.004) and median OS (100.5 months vs. 
62.2 months, P = 0.039) was longer in the dose 
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dense group compared to the conventional group 
[ 16 ]. The outcome of this study could lead to 
change in standard of care and confi rmation of 
the fi ndings of the JGOG study in different study 
populations is required. Results of the MITO-7 
study comparing 3-weekly carboplatin (AUC6) 
and paclitaxel (175 mg/m 2 ) against weekly car-
boplatin (AUC2) and weekly paclitaxel (80 mg/
m 2 ) did not demonstrate a signifi cant benefi t in 
PFS with weekly administration compared to 
standard carboplatin/paclitaxel every 3 weeks, 
but was associated with better QoL and toxicity 
[ 17 ]. The ongoing ICON-8 trial is a randomized, 
phase III, three arm, study evaluating dose frac-
tionation schedules (3 weekly carboplatin/pacli-
taxel vs 3 weekly carboplatin/weekly paclitaxel 
vs weekly carboplatin/paclitaxel) following 
immediate surgery or as part of delayed primary 
surgery.  

    Maintenance Chemotherapy 

 Despite surgery and fi rst-line chemotherapy, at 
least 65 % of women who achieve a complete 
response will eventually relapse, at which stage 
the condition is deemed incurable. Maintenance 
chemotherapy after initial therapy has been 
explored as a possible strategy to prevent or 
delay relapse. In the phase III SWOG 9701/
GOG 178 study, patients with advanced ovarian 
cancer who had achieved complete clinical 
response were randomly assigned to receive 3 or 
12 additional cycles of 4-weekly paclitaxel. 
Based on an interim analysis which reported a 
signifi cant improvement in PFS of 7 months (21 
vs 28 months) in the 12 cycle arm, the study was 
stopped prematurely [ 18 ]. However, no OS 
advantage was demonstrated [ 19 ]. Potential rea-
sons for a lack of OS benefi t include the effect of 
subsequent therapies, crossover of patients from 
3 cycles to 12 cycles and reduced sample size 
due to the closure of the study. The Italian 
Cooperative Group After-6 phase III trial evalu-
ated six cycles of 3-weekly paclitaxel as mainte-
nance therapy compared with observation. No 
signifi cant difference in PFS (34 vs 30 months) 
or OS (2 year survival rate: 87 % vs 90 %) 

between the paclitaxel and observation arms was 
seen following an interim futility analysis and 
the study closed early [ 20 ]. The ongoing GOG-
0212 study is evaluating paclitaxel or polygluta-
mate paclitaxel or observation in women with 
stage III/IV ovarian cancer who achieve a com-
plete clinical response to primary platinum/
paclitaxel chemotherapy.   

41.4     The Role of Neoadjuvant 
Chemotherapy 

 Primary surgery aims to achieve complete tumor 
resection with no residual disease because it has 
been shown that the volume of residual disease 
following surgery is an independent prognostic 
indicator. 

 In some cases of advanced ovarian cancer 
including stage IV disease, complete cytoreduc-
tive surgery with no residual disease may not 
realistically be achievable. In addition, a propor-
tion of patients may be too unwell at presentation 
to undergo such major, radical surgery. This has 
led to debate regarding whether primary surgery 
or neoadjuvant chemotherapy followed by inter-
val debulking surgery after three to four cycles 
of chemotherapy is the preferred option [ 21 – 23 ]. 
Cytoreductive surgery is an integral component 
in the management of ovarian cancer, there are 
some concerns that delaying surgery for patients 
to have chemotherapy may impact on overall out-
come. In addition, some subtypes of epithelial 
ovarian cancer, such as low-grade serous carci-
nomas do not respond well to chemotherapy and 
in such cases there is an argument for primary 
surgery. The European Organisation for Research 
and Treatment of Cancer (EORTC) 55971 trial 
recruited potentially operable patients with stage 
IIIc or IV disease and randomized them to receive 
either primary debulking surgery and chemother-
apy or neoadjuvant chemotherapy followed by 
interval debulking surgery [ 24 ]. The PFS and OS 
were similar in the two arms but in the neoadju-
vant chemotherapy arm 80.6 % had ≤1 cm resid-
ual tumor remaining compared to only 41.6 % 
of patients in the primary surgery arm, where 
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 post- operative morbidity was more common. The 
recent results of the phase III CHORUS study [ 25 ] 
support the fi ndings of the EORTC 55971 trial. 

 As more patients are likely to be receiving 
neoadjuvant chemotherapy followed by interval 
debulking surgery, it is important that this strat-
egy is recognized and incorporated into future 
trial designs of advanced ovarian cancer. At pres-
ent, the decision regarding whether neoadjuvant 
chemotherapy followed by interval debulking 
surgery or primary surgery should be made on a 
case by case basis in a multidisciplinary setting. 
Upfront surgery is the preferred option in fi t 
patients where it is believed that cytoreduction 
with no residual disease can be achieved. 
However, neoadjuvant therapy can achieve equiv-
alent therapeutic outcomes and may be associ-
ated with less morbidity for patients with bulky 
disease [ 24 ]. 

    Time to Initiate Chemotherapy 
Following Primary Surgery 

 In patients undergoing primary surgery, the opti-
mal time to initiate chemotherapy is an important 
issue. While it can be argued that chemotherapy 
should be initiated as soon as possible to prevent 
metastatic re-growth, patients who have been 
optimally debulked may have required invasive 
surgery including liver and/or bowel resection, as 
well as diaphragmatic stripping. In an analysis of 
prospective phase III trials, the median time to 
chemotherapy was 19 days (range 1–56) and a 
delayed start to chemotherapy was associated 
with decreased OS (p = 0.038) in optimally deb-
ulked patients whereas in patients with residual 
disease, a longer time to initiate chemotherapy 
had no effect on OS (p = 0.452) [ 26 ]. This analysis 
provides evidence to support an earlier start to ini-
tiate chemotherapy in optimally debulked patients.  

    Intraperitoneal Chemotherapy 

 Intra-peritoneal (IP) chemotherapy is another 
strategy that has been investigated in an attempt 

to improve outcomes in ovarian cancer. The 
rationale behind its use stems from the concept 
that advanced ovarian cancer predominantly 
affects peritoneal surfaces. Delivering cytotoxic 
agents directly to the peritoneum therefore 
increases dose intensity while preventing sys-
temic toxicity. 

 Three randomized trials provided evidence 
for a survival advantage with IP chemotherapy 
compared to IV administration in women with 
optimally debulked (to <0.5 cm) stage III epithe-
lial ovarian cancer [ 27 – 29 ]. The GOG 104 study 
compared six cycles of three- weekly IV cyclo-
phosphamide (600 mg/m 2 ) combined with either 
IV or IP cisplatin (100 mg/m 2 ) [ 27 ]. The IP arm 
had a signifi cantly longer median survival, (49 
vs. 41 months, P = 0.02) but at the expense of 
more frequent moderate to severe abdominal 
pain. The GOG 114 trial incorporated a taxane 
into the treatment arms and provided further 
support for IP chemotherapy [ 29 ]. Six cycles of 
IV paclitaxel (135 mg/m 2 ) and cisplatin (75 mg/
m 2 ) every 3 weeks was compared with IV carbo-
platin (AUC 9) every 28 days for two cycles fol-
lowed by six cycles of IV paclitaxel (135 mg/m 2 ) 
and IP cisplatin (100 mg/m 2 ) every 3 weeks in 
patients with stage III optimally debulked ovar-
ian cancer. Median PFS was longer in the IP arm 
(28 months vs. 22 months, P = 0.01) and median 
OS was increased in this arm (63 months vs. 
52 months, P = 0.05) but again patients in the IP 
arm experienced increased toxicity and 18 % of 
patients received less than two courses of IP che-
motherapy as a consequence. In GOG 172, 415 
patients with optimally debulked stage III ovar-
ian cancer were randomized to receive 63 weekly 
cycles of IV paclitaxel (135 mg/m  2  over 24 h) 
followed by either IV cisplatin (75 mg/m 2 ) on 
day 2 or IP cisplatin (100 mg/m 2 ) on day 2 plus 
IP cisplatin (60 mg/m 2 ) on day 8 [ 28 ]. The 
median survival data was impressive and again 
in favor of the IP arm (65.6 months vs. 
49.7 months, P = 0.03). Despite the results of all 
three trials appearing to support the role of IP 
chemotherapy, it has not become routine clinical 
practice internationally. This is in part largely 
due to the increased toxicity (abdominal discom-
fort, infection, bowel injury, catheter-related 
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problems, fatigue, hematological, gastrointesti-
nal and neurological events) in the IP arms. It 
has been argued that the favorable outcome in 
GOG 114 [ 29 ] may be infl uenced by the 
increased amount of chemotherapy delivered in 
the IP arm (eight cycles). Furthermore, in GOG 
172, the control arm did not receive the current 
standard of care i.e., IV carboplatin and pacli-
taxel and the dose and schedule of cisplatin and 
paclitaxel was different in the two arms of the 
study [ 28 ]. Therefore the higher dose of chemo-
therapy in the IP arm may have played a signifi -
cant part in the survival benefi t seen rather than 
the mode of delivery itself. Finally, the analysis 
was not a true intention-to-treat analysis and 
therefore it is feasible for minor imbalances in 
the number of excluded patients impacting on 
the statistical signifi cance. 

 Combined data from the GOG114 and 
GOG172 demonstrated a signifi cant improve-
ment in median OS with IP administration, com-
pared with IV administration (61.8 vs 
51.4 months; P = 0.048) [ 30 ]. A subset analysis of 
393 patients within the GOG172 study suggested 
that the survival advantage of IP chemotherapy 
was limited to a subset of patients with low 
BRCA1 expression as measured by immumohis-
tochemistry (84 months IP vs 47 months IV; 
p = 0.0002) and that low BRCA1 expression was 
an independent prognostic factor for better sur-
vival in women randomized to IP therapy (hazard 
ratio (HR) = 0.67 p = 0.032) [ 31 ]. 

 Several trials of IP chemotherapy are ongoing 
and include GOG-252, NCIC-CTG OV21/NCRI- 
PETROC and JGOG 3109. Issues addressed 
include the use of carboplatin/paclitaxel as the 
control arm, incorporating dose-dense schedul-
ing of paclitaxel, bevacizumab and IP administra-
tion of carboplatin.   

41.5     Novel Biological Agents 

 Novel biologically targeted agents aim to target 
tumor cells and/or the microenvironment by 
exploiting specifi c molecular abnormalities in the 
tumor leading to greater selectivity and a better 

toxicity profi le than traditional chemotherapy 
[ 32 ]. Epithelial ovarian cancer has previously been 
treated as a single disease. It is recognized that 
ovarian cancer is a heterogenous disease rather 
than a single entity, made up of several histological 
subtypes with distinct clinical outcomes and 
molecular aberrations (high grade serous- p53, 
BRCA, homologous recombination defi ciency; 
low grade serous- BRAF, KRAS, NRAS, HER2); 
clear cell-PIK3CA, PTEN; endometrioid PIK3CA, 
PTEN; and mucinous- KRAS, HER2). Multiple 
molecules involved in critical, signalling pathways 
which drive growth and progression of ovarian 
cancer can now be targeted with novel drugs [ 32 ]. 
Angiogenesis inhibitors and PARP inhibitors are 
the most developed in ovarian cancer.  

41.6     Angiogenesis Inhibitors 

 Angiogenesis is the formation of new blood ves-
sels and is a critical component of cancer growth 
and metastasis. Vascular endothelial growth factor 
(VEGF) is a key promoter in the process of angio-
genesis in epithelial ovarian cancer. Strategies to 
target either the ligand or the receptor have been 
explored. Bevacizumab is a humanized monoclo-
nal antibody that targets VEGF-A and prevents it 
from binding to VEGF receptors and subsequent 
downstream signalling. Two randomized, phase 
III trials, the Gynecologic Oncology Group (GOG) 
trial 0218 [ 33 ] and ICON-7 trial [ 34 ], set out to 
evaluate the addition of bevacizumab to the com-
bination of carboplatin/paclitaxel followed by 
maintenance therapy as fi rst-line treatment for 
advanced ovarian cancer. The GOG-0218 study 
was a three arm, double blind placebo-controlled 
trial enrolling 1,873 patients with either stage III 
or stage IV epithelial ovarian cancer who had 
undergone debulking surgery [ 33 ]. The study par-
ticipants were randomized to receive either stan-
dard treatment with IV carboplatin and paclitaxel 
for six cycles every 3 weeks followed by placebo 
every 3 weeks for cycles 7–22 or standard treat-
ment with the addition of bevacizumab (15 mg/kg) 
from cycle 2 until cycle 22 (a total of 15 months) 
or standard treatment with the addition of bevaci-
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zumab (15 mg/kg) from cycle 2–6 followed by 
placebo for cycles 7–22. Patients in the bevaci-
zumab throughout arm had a signifi cant improve-
ment in PFS compared to the control arm (14.1 vs. 
10.3 months HR 0.717; P < 0.001). The IOCN-7 
study was an open label study that assigned 1,528 
patients to either carboplatin and paclitaxel with 
concurrent bevacizumab (7.5 mg/kg) followed by 
maintenance bevacizumab for 12 cycles (or until 
disease progression) or carboplatin and paclitaxel 
alone [ 34 ]. This study confi rmed an improvement 
in PFS with the addition of bevacizumab (19.0 vs. 
17.3 months; HR 0.81; P = 0.004). A pre-planned 
analysis of the patients at highest risk of progres-
sion (stage III with >1 cm residual disease or stage 
IV disease), showed that bevacizumab conferred a 
greater magnitude of benefi t in this sub- population 
(restricted means 18.1 vs. 14.5 months; HR 0.73; 
P = 0.002). Furthermore, early analyses demon-
strated a signifi cant improvement in OS in the high 
risk group (28.8 vs. 36.6 months HR = 0.64, 95 % 
CI 0.48–0.85; P = 0.002). However, the fi nal OS 
data from the ICON-7 study showed no benefi t 
from the addition of bevacizumab and an OS ben-
efi t was not evident in GOG-0218. In ICON-7, in 
a pre-specifi ed sub-group analysis of poor progno-
sis patients, a benefi t of 4.8 months in the restricted 
means survival time was observed [ 35 ]. 

 In both studies, the addition of bevacizumab 
was relatively well-tolerated with adverse effects 
as expected for angiogenesis inhibitors [ 36 ]- 
(≥grade 2, ICON-7 18 % (bevacizumab arm) vs 
2 % (chemotherapy)), thromboembolism 
(≥grade 3, ICON-7 7 % (bevacizumab arm) vs 
3 % (chemotherapy)). Recognized complica-
tions of bevacizumab include gastrointestinal 
(GI) perforation and fi stula formation. However, 
in ICON-7 and GOG-0218, the reported rates of 
GI perforation are low (≥grade 3 ICON-7 1 % 
bevacizumab arm; <3 % in GOG 218 and 1 %). 
The results of these studies led to the European 
Medicines Agency (EMA) approval of bevaci-
zumab to be used in combination with carbopla-
tin and paclitaxel in the front line setting of 
patients with advanced ovarian cancer (FIGO 
stage IIIB, IIIC and IV). 

 The role of bevacizumab has also been investi-
gated in recurrent ovarian cancer. The OCEANS 

study, a double-blind, placebo-controlled trial 
evaluated the addition of bevacizumab (15 mg/kg) 
to carboplatin (AUC 4) and gemcitabine (1,000 mg/
m2 on day 1 and day 8) continued until progres-
sion in women with fi rst relapse platinum-sen-
sitive ovarian cancer [ 37 ]. This study provided 
evidence for bevacizumab in the platinum sen-
sitive setting with an improvement in PFS (12.4 
vs 8.4 months, P < 0.0001). In addition, the 
AURELIA study provided support for the use of 
bevacizumab (15 mg/kg) in the platinum resistant 
setting [ 38 ]. Bevacizumab in combination with 
paclitaxel, topotecan or liposomal doxorubicin 
led to a signifi cant improvement in PFS (6.7 vs. 
3.4 months; HR 0.48, P < 0.001) but no statisti-
cally signifi cant improvement in OS. 

 It is currently not known whether bevaci-
zumab should be used in the fi rst line setting or 
reserved for platinum-sensitive or platinum- 
resistant relapse. Ongoing trials of bevacizumab 
address the role of bevacizumab with IP chemo-
therapy, dose dense chemotherapy, extending the 
duration of maintenance therapy and the continu-
ation of bevacizumab beyond progression. 
Preliminary data from the GOG-262 trial, evalu-
ating bevacizumab in combination with dose 
dense chemotherapy suggests that bevacizumab 
does not confer any additional benefi t to dose 
dense treatment [ 39 ]. 

 VEGF receptor tyrosine kinase inhibitors 
(TKIs) inhibit downstream VEGF signalling and 
other pro-angiogenic molecules such as platelet 
derived growth factor (PDGFR) and fi broblast 
growth factor (FGFR). VEGFR TKIs is a poten-
tial strategy to help overcome some mechanisms 
of resistance to antiangiogenic therapy [ 40 ]. The 
AGO-OVAR 16 trial is a phase III randomized, 
double-blind study which involved 940 patients 
with FIGO stage II to IV ovarian, fallopian tube, 
or primary peritoneal cancer who had been ini-
tially treated with surgery and chemotherapy to 
receive 800 mg of pazopanib or placebo daily for 
up to 24 months [ 41 ]. There was a signifi cant 
improvement in median PFS (17.9 months vs 
12.3 months; HR 0.788, p = 0.002). However, 
58 % of patients in the treatment arm required a 
dose reduction compared with 14 % of patients in 
the placebo arm and the most frequent grade 3 or 
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4 toxicity was hypertension (31 % vs 6 %). 
Nevertheless, this is the fi rst study of a targeted 
agent administered as maintenance therapy only, 
showing a meaningful PFS benefi t. The OS data 
remain immature. The results of the AGO-
OVAR12, a phase III trial of nintedanib 
(BIBF1120), an inhibitor of VEGFR, FGFR and 
PDGFR in combination with  carboplatin/pacli-
taxel followed by maintenance therapy in the 
fi rst-line setting, showed a modest PFS benefi t in 
the nintedanib arm (17.3 vs. 16.6 months, 
p = 0.024). The most signifi cant PFS benefi t with 
nintedanib was seen in the low risk group with 
low volume disease following surgery (27.1 vs. 
20.8 months, p = 0.005) suggesting its role in 
maintenance treatment in such patients [ 42 ]. 

 Cediranib, an oral pan-VEGFR kinase inhibi-
tor has been evaluated in relapsed platinum sensi-
tive disease in combination with chemotherapy 
followed by maintenance in the ICON-6 trial. 
Cediranib is the fi rst TKI to demonstrate a statis-
tically signifi cant OS benefi t (2.7 months) [ 43 ]. 

 Most recently, the results of TRINOVA-1, a 
double blind placebo controlled phase III trial 
using Trebananib to target the angiopoietin axis 
as an alternative anti-angiogenic strategy, have 
been published. Trebananib is an Fc fusion pro-
tein that binds to the angiopoietins, Ang1 and 
Ang2 and prevents their interaction with the Tie2 
receptor. Patients that had been treated with ≤ 
three previous regimens and had a platinum free 
interval of <12 months were enrolled to receive 
weekly paclitaxel with IV Trebananib or placebo. 
Median PFS was longer in the Trebananib group 
(7.2 vs. 5.4 months, p < 0.0001) although 
Trebananib was related to more adverse event-
related treatment discontinuation [ 44 ].  

41.7     PARP Inhibitors 

 Women with mutations in the  BRCA  genes 
( BRCA1  or  BRCA2 ) have an increased risk of 
developing ovarian cancer due to defects in DNA 
repair pathways (called homologous recombination). 
Tumors in patients with a  BRCA  mutation are 
particularly susceptible to drugs called PARP 
inhibitors which generate specifi c DNA lesions 

that require functional BRCA1 and BRCA2 for 
DNA repair [ 45 ]. PARP inhibitors in clinical tri-
als of ovarian cancer include olaparib, rucaparib 
and niraparib. Encouraging response rates were 
seen in patients with heavily pre-treated ovarian 
cancer that harbor a germline BRCA mutation 
(57.6 % RECIST and CA–125 criteria) [ 46 ,  47 ]. 
Based on the observation that up to 50 % of high- 
grade serous, sporadic ovarian cancers may have 
homologous recombination defects (including 
somatic BRCA mutations, BRCA methylation) 
which confer sensitivity to PARP inhibition, a 
randomized phase II trial of maintenance therapy 
with olaparib was performed [ 48 ]. In this study, 
olaparib extended PFS by almost 4 months 
(median 8.4 months vs. 4.8 months; HR 0.35, 
P < 0.001), in patients with platinum-sensitive, 
relapsed, high-grade serous ovarian cancer with 
or without  BRCA1  or  BRCA2  germline muta-
tions. The improvement in PFS was greater in 
 BRCA  mutation carriers (median: 11.2 vs 
4.1 months; HR, 0.17; P < 0.001) [ 49 ]. 

 A phase III trial of maintenance olaparib or 
placebo in patients who have responded to fi rst- 
line chemotherapy is currently recruiting.  

41.8     Other Targeted Agents 

 Epidermal growth factor receptor (EGFR) inhi-
bition has been investigated as maintenance 
therapy following fi rst-line chemotherapy. 
Maintenance erlotinib, an EGFR inhibitor, did 
not improve PFS or OS in the EORTC55041/
OV07 [ 50 ]. A randomized trial of oregovomab 
monotherapy (monoclonal antibody directed 
against CA-125) maintenance post fi rst-line 
therapy also failed to show an improvement in 
clinical outcome [ 51 ]. 

 Folate receptors are overexpressed in epithe-
lial ovarian cancer but not in normal tissues 
therefore anti-folate receptor antibodies and 
folate chemotherapy-conjugates have been 
investigated as treatment strategies. 
Farletuzumab, a monoclonal antibody that binds 
to folate receptorα has been investigated in a 
double blind placebo-controlled phase III trial in 
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combination with carboplatin and taxane chemo-
therapy in patients with fi rst platinum sensitive 
relapse [ 52 ]. The results were disappointing as 
the study did not meet its primary end point of 
PFS. Vintafolide (EC145), is a folic acid-
desacetylvinblastine conjugate that binds to the 
folate receptor. Etarfolatide is a folate receptor 
targeted imaging agent thought to be helpful in 
selecting patients likely to benefi t from vintafo-
lide. A phase II study investigated vintafolide in 
combination with pegylated liposomal doxoru-
bicin (PLD) compared to PLD alone in platinum 
resistant patients and showed an improvement in 
PFS (5 vs. 2.7 months, p = 0.031) [ 53 ]. The 
encouraging results from this study prompted a 
randomized, double blind, phase III trial in plati-
num resistant ovarian cancer, the PROCEED 
study which was terminated early. The results 
are awaited. 

 Many other targeted agents are under investi-
gation in recurrent ovarian cancer and include 
targeting the RAS/Raf/MEK pathway and PI3 
kinase/AKT/mTOR pathway [ 32 ]. Successful 
strategies in recurrent ovarian cancer are likely to 
be developed in the fi rst-line setting as has been 
the case with bevacizumab and olaparib.  

    Conclusion 

 Advanced ovarian cancer remains an incur-
able disease for the majority of patients. 
Improvements in fi rst-line systemic therapies 
delivered in the neoadjuvant and/or adjuvant 
settings have the potential to prevent or at least 
delay disease relapse. Carboplatin in combi-
nation with paclitaxel remains the standard of 
care worldwide. Bevacizumab is approved in 
Europe as part of fi rst line treatment and other 
angiogenesis inhibitors such as pazopanib 
may follow suit. PARP inhibitors appear 
promising and a trial as fi rst- line maintenance 
is planned in  BRCA  mutation carriers. The 
successful integration of targeted therapy with 
chemotherapy will depend on the identifi ca-
tion of the correct patient population, manag-
ing new toxicities, utilizing biomarkers to 
guide management and overcoming drug 
resistance.      
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 Key Points 

•     The majority of women present with 
advanced ovarian cancer and the OS is 
around 40 %  

•   ‘Adjuvant’ refers to chemotherapy given 
following surgery. ‘Neoadjuvant’ refers 
to upfront chemotherapy followed by 
interval debulking surgery (followed by 
chemotherapy)  

•   The international standard of care for 
advanced ovarian cancer is either upfront 
or interval attempted optimal cytoreduc-
tive surgery and six cycles of carboplatin 
in combination with paclitaxel  

•   Neoadjuvant chemotherapy followed by 
interval debulking surgery is a valid 
treatment option for patients with bulky 
stage IIIC or IV ovarian carcinoma  

•   IP chemotherapy is a promising 
approach. It is not considered standard 
of care. Further clinical trials are 
ongoing.  

•   Bevacizumab in combination with fi rst 
line chemotherapy followed by mainte-
nance therapy improves PFS  

•   There is an OS benefi t from bevaci-
zumab when given in the fi rst line set-
ting to women at high risk of disease 
progression (>1 cm residual disease or 
stage IV)  

•   Anti-angiogenic agents improve clinical 
outcome in the fi rst line and recurrent 
(platinum sensitive and platinum resis-
tant) setting  

•   PARP inhibitors as maintenance therapy 
following chemotherapy for platinum-
sensitive relapse signifi cantly improve 
PFS. Phase III clinical trials are 
underway  

•   BRCA mutation carriers derive the most 
benefi t from PARP inhibitors    
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