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Summary
Background Standard-of-care first-line chemotherapy for epithelial ovarian cancer is carboplatin and paclitaxel 
administered once every 3 weeks. The JGOG 3016 trial reported significant improvement in progression-free and 
overall survival with dose-dense weekly paclitaxel and 3-weekly (ie, once every 3 weeks) carboplatin. However, this 
benefit was not observed in the previously reported progression-free survival results of ICON8. Here, we present the 
final coprimary outcomes of overall survival and updated progression-free survival analyses of ICON8.

Methods In this open-label, randomised, controlled, phase 3 trial (ICON8), women aged 18 years or older with 
newly diagnosed stage IC–IV epithelial ovarian, primary peritoneal, or fallopian tube carcinoma (here collectively 
termed ovarian cancer, as defined by International Federation of Gynecology and Obstetrics [FIGO] 1988 criteria) 
and an Eastern Cooperative Oncology Group performance status of 0–2 were recruited from 117 hospitals with 
oncology departments in the UK, Australia and New Zealand, Mexico, South Korea, and Ireland. Patients could 
enter the trial after immediate primary surgery (IPS) or with planned delayed primary surgery (DPS) during 
chemotherapy, or could have no planned surgery. Participants were randomly assigned (1:1:1), using the Medical 
Research Council Clinical Trials Unit at University College London randomisation line with stratification by 
Gynecologic Cancer Intergroup group, FIGO disease stage, and outcome and timing of surgery, to either 3-weekly 
carboplatin area under the curve (AUC)5 or AUC6 and 3-weekly paclitaxel 175 mg/m² (control; group 1), 3-weekly 
carboplatin AUC5 or AUC6 and weekly paclitaxel 80 mg/m² (group 2), or weekly carboplatin AUC2 and 
weekly paclitaxel 80 mg/m² (group 3), all administered via intravenous infusion for a total of six 21-day cycles. 
Coprimary outcomes were progression-free survival and overall survival, with comparisons done between group 2 
and group 1, and group 3 and group 1, in the intention-to-treat population. Safety was assessed in all patients who 
started at least one chemotherapy cycle. The trial is registered on ClinicalTrials.gov, NCT01654146, and ISRCTN 
registry, ISRCTN10356387, and is closed to accrual.

Findings Between June 6, 2011, and Nov 28, 2014, 1566 patients were randomly assigned to group 1 (n=522), group 2 
(n=523), or group 3 (n=521). The median age was 62 years (IQR 54–68), 1073 (69%) of 1566 patients had high-grade 
serous carcinoma, 1119 (71%) had stage IIIC–IV disease, and 745 (48%) had IPS. As of data cutoff (March 31, 2020), 
with a median follow-up of 69 months (IQR 61–75), no significant difference in overall survival was observed in either 
comparison: median overall survival of 47·4 months (95% CI 43·1–54·8) in group 1, 54·8 months (46·6–61·6) in 
group 2, and 53·4 months (49·2–59·6) in group 3 (group 2 vs group 1: hazard ratio 0·87 [97·5% CI 0·73–1·05]; 
group 3 vs group 1: 0·91 [0·76–1·09]). No significant difference was observed for progression-free survival in either 
comparison and evidence of non-proportional hazards was seen (p=0·037), with restricted mean survival time of 
23·9 months (97·5% CI 22·1–25·6) in group 1, 25·3 months (23·6–27·1) in group 2, and 24·8 months (23·0–26·5) 
in group 3. The most common grade 3–4 adverse events were reduced neutrophil count (78 [15%] of 511 patients in 
group 1, 183 [36%] of 514 in group 2, and 154 [30%] of 513 in group 3), reduced white blood cell count (22 [4%] in 
group 1, 80 [16%] in group 2, and 71 [14%] in group 3), and anaemia (26 [5%] in group 1, 66 [13%] in group 2, and 
24 [5%] in group 3). No new serious adverse events were reported. Seven treatment-related deaths were reported (two 
in group 1, four in group 2, and one in group 3).

Interpretation In our cohort of predominantly European women with epithelial ovarian cancer, we found that first-
line weekly dose-dense chemotherapy did not improve overall or progression-free survival compared with standard 
3-weekly chemotherapy and should not be used as part of standard multimodality front-line therapy in this patient 
group.
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Introduction
Epithelial ovarian cancer is the leading cause of death 
related to gynaecological cancer in high-income 
countries, and accounts for more than 180 000 deaths 
annually worldwide.1 Most women with epithelial ovarian 
cancer present with advanced International Federation of 
Gynecology and Obstetrics (FIGO) stage III–IV disease 
and, despite primary multimodality treatment with 
cytoreductive surgery and chemotherapy, many have 
disease relapse and a median survival of less than 
4 years.1 Platinum–paclitaxel doublet chemotherapy 
administered once every 3 weeks for six to eight cycles 
has been the reference standard of care, first-line 
systemic treatment for ovarian cancer for the past 
27 years.2–4 Although chemotherapy is commonly admin-
istered after primary surgery, delayed surgery after three 
or four primary neoadjuvant chemotherapy cycles has 
been widely adopted in patients for whom complete 
primary cytoreduction is deemed unlikely. This approach 
is supported by three randomised trials that each found 
that overall survival with neoadjuvant chemotherapy and 

delayed primary surgery is not inferior to upfront surgery 
and is associated with reduced perioperative morbidity.5–8

There has been substantial interest in the assessment 
of weekly dose-dense paclitaxel schedules. Preclinical 
studies suggest that administration of metronomic 
taxane improves drug delivery, increases tumour cell 
apoptosis, and reduces angiogenesis.9,10 Weekly paclitaxel 
treatment is an efficacious and well tolerated approach in 
recurrent platinum-resistant epithelial ovarian cancer 
and confers a survival advantage compared with 3-weekly 
(ie, once every 3 weeks) scheduling in both the adjuvant 
and metastatic setting for breast cancer.11,12

The JGOG 3016 trial randomly assigned 637 Japanese 
women with newly diagnosed epithelial ovarian cancer to 
receive standard of care conventional 3-weekly carbo platin 
area under the curve [AUC]6 with paclitaxel 180 mg/m² 
chemotherapy or an investigational group in which weekly 
dose-dense paclitaxel at a dose of 80 mg/m² was 
administered with 3-weekly carboplatin AUC6.13,14 In this 
trial, weekly treatment resulted in an 11-month extension 
in median progression-free survival and a corresponding 
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Research in context

Evidence before this study
For more than 20 years, the cornerstone of systemic treatment 
for first-line epithelial ovarian cancer has been carboplatin and 
paclitaxel administered once every 3 weeks. We searched 
MEDLINE to identify any relevant phase 3 trials assessing 
weekly dose-dense paclitaxel scheduling published in English 
between Jan 1, 1990, and Dec 21, 2020, using the terms 
“ovarian neoplasm” AND (“chemotherapy” OR “drug therapy”) 
AND “paclitaxel” AND “progression-free survival” AND “clinical 
trial”. In addition to the previously reported progression-free 
survival results of ICON8, three relevant trials were identified. 
The preliminary results of ICON8 showed no significant 
difference in progression-free survival between standard 
3-weekly (ie, once every 3 weeks) chemotherapy, 3-weekly 
carboplatin and dose-dense weekly paclitaxel, and weekly 
carboplatin and dose-dense weekly paclitaxel. The JGOG-3016 
study of 3-weekly carboplatin and paclitaxel versus 3-weekly 
carboplatin with weekly dose-dense paclitaxel found a 
significant improvement in both progression-free and overall 
survival in Japanese women; however, because of increased 
toxicity in the weekly paclitaxel group, treatment delivery rates 
were lower than expected. The MITO-7 study of 3-weekly 
carboplatin and paclitaxel versus weekly carboplatin and 
paclitaxel (not dose dense) found no benefit in progression-free 
survival, but did find that weekly chemotherapy was associated 
with improved quality of life. GOG-0262 assessed 3-weekly 
carboplatin and paclitaxel versus weekly paclitaxel with 

3-weekly carboplatin (identical to JGOG 3016); however, 84% of 
patients in the GOG-0262 trial opted to additionally receive 
bevacizumab alongside chemotherapy. No benefit in 
progression-free survival was observed in the whole trial 
population; however, a benefit was observed in the small 
underpowered chemotherapy only subgroup. Neither MITO7 
nor GOG-0262 were adequately powered or had sufficient 
follow-up to assess the effect of weekly chemotherapy 
scheduling on overall survival.

Added value of this study
To our knowledge, ICON8 is the largest study to assess weekly 
chemotherapy in newly diagnosed epithelial ovarian cancer and 
was designed with appropriately powered coprimary endpoints 
of progression-free and overall survival. In this study, we 
provide mature overall survival and long-term progression-free 
survival results that show no significant difference for weekly 
dose-dense chemotherapy compared with standard 3-weekly 
chemotherapy.

Implications of all the available evidence
In this cohort of predominantly European women, we found 
that weekly dose-dense paclitaxel should not be used as part of 
standard multimodality epithelial ovarian cancer treatment in 
the front-line setting. There might be potential racial and 
ethnic pharmacogenomics differences in efficacy of dose-dense 
paclitaxel in Japanese populations compared with the 
predominantly European ICON8 population.
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38-month improvement in median overall survival 
(hazard ratio [HR] 0·76 [95% CI 0·63–0·99]; p=0·039). 
However, weekly dose-dense treatment caused an increase 
in haematological toxicity, which compromised physicians’ 
ability to deliver at least six cycles of treatment. By contrast, 
the assessment of weekly scheduling of both carboplatin 
and paclitaxel in phase 2 trials showed both excellent 
tolerability and promising efficacy.15,16

The Gynecologic Cancer InterGroup (GCIG) 
International Collaboration on Ovarian Neoplasms 8 
(ICON8) trial was designed to assess whether the 
incorporation of dose-dense weekly paclitaxel into first-line 
treatment of epithelial ovarian cancer in a predominantly 
European patient group would improve survival outcomes, 
and also to determine whether weekly scheduling of 
carboplatin would reduce haematological adverse events, 
improve deliverability, and maintain the efficacy of dose-
dense paclitaxel compared with weekly paclitaxel 80 mg/
m² with 3-weekly carboplatin AUC6.

In 2019, we reported the ICON8 primary progression-
free survival analysis, which showed that although 
weekly treatment regimens were tolerable and could 
safely deliver increased paclitaxel dose density, there was 
no significant difference in progression-free survival 
restricted mean survival time between standard 3-weekly 
carboplatin–paclitaxel and either of two experimental 
weekly dose-dense regimens.17 Subsequently, in 2020, we 
published the outcome of the quality-of-life substudy to 
ICON8 that confirmed the tolerability of the weekly 
schedules overall, but highlighted worse neurological 
toxic effects and fatigue during treatment for patients 
receiving weekly treatment.18 In this Article, we report 
the mature analysis of overall survival, one of ICON8’s 
coprimary endpoints, and an updated progression-free 
survival analysis.

Methods
Study design and participants
ICON8 was an international, open-label, randomised, 
phase 3 trial of weekly dose-dense chemotherapy as first-
line treatment in patients with histologically confirmed 
invasive epithelial ovarian, primary peritoneal, or fallopian 
tube carcinoma (here collectively termed ovarian cancer). 
Patients were recruited at hospitals with oncology depart-
ments in the UK (88 sites), Australia and New Zealand 
(19 sites), Mexico (two sites), South Korea (three sites), and 
Ireland (five sites); all 117 sites recruited at least one 
patient (appendix pp 6–9) Full details of methods for 
ICON8 have been reported elsewhere.17 Patients were 
eligible if they were aged 18 years or older and had newly 
diagnosed FIGO (1988) stage IC–IV cancer (with 
mandatory high-risk histological subtype for patients with 
FIGO [1988] stage IC or IIA disease), an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0–2, life expectancy of more than 12 weeks, and 
adequate haematological (absolute neutrophil count 
≥1·5 × 10⁹ per L, platelet count of ≥100 × 10⁹ per L, and 

haemoglobin concentration of ≥9 g/dL), renal 
(radioisotopic glomerular filtration rate of ≥30 mL/min, or 
calculated creatinine clearance of ≥60 mL/min), and 
hepatic function (bilirubin concentration of ≤1·5 × the 
upper limit of normal [ULN] and serum transaminase 
concentration of ≤3 × ULN in the absence of parenchymal 
liver metastases or ≤5 × ULN in the presence of 
parenchymal liver metastases).19 A 10% cap to recruitment 
was placed on the number of patients with early stage 
high-risk disease. Exclusion criteria included receipt of 
previous systemic therapy for ovarian cancer and plans to 
receive maintenance treatment after completion of 
protocol therapy. Full exclusion criteria are in the protocol 
(appendix). Patients gave written, informed consent.

Patients could enter the trial after upfront or immediate 
primary cytoreductive surgery (IPS) or could receive 
primary or neoadjuvant chemotherapy with a plan for 
delayed primary cytoreductive surgery (DPS) or no 
surgery at the decision of the local multidisciplinary 
gynaecological oncology team. Chemotherapy was 
required to start within 8 weeks of IPS.

Ethical approval was granted in the UK by the London-
Chelsea research ethics committee. Ethical approval was 
also granted by the appropriate national or local 
institutional review boards in other jurisdictions. All 
protocol amendments were approved by relevant ethics 
committees and regulatory bodies and are listed in the 
protocol (appendix).

Randomisation and masking
Participants were randomly assigned (1:1:1) to 3-weekly 
carboplatin and paclitaxel (control; group 1), 3-weekly 
carboplatin and weekly paclitaxel (group 2), or weekly 
carboplatin and paclitaxel (group 3). Patients were 
randomly assigned using the Medical Research Council 
Clinical Trials Unit (MRC CTU) at University College 
London (UCL) randomisation line. Randomisation was 
done using minimisation stratified by GCIG group, 
disease stage (FIGO stage IC–IIA high grade serous, 
clear cell, or grade III carcinoma vs FIGO stage IIB–IV), 
and outcome and timing of surgery (IPS plus FIGO stage 
IC–III with no visible residual disease vs IPS plus FIGO 
stage IC–III with residual disease of ≤1 cm in diameter vs 
IPS plus FIGO stage IV or FIGO stage IC–III with 
residual disease of >1 cm in diameter vs no surgery 
planned vs DPS planned). Due to the nature of the 
interventions, neither patients nor clinicians were 
masked to treatment allocation.

Procedures
Patients in the control group (group 1) received 
carboplatin AUC5 or AUC6 by intravenous infusion over 
30–60 min and paclitaxel 175 mg/m² by intravenous 
infusion over 3 h on day 1 of each 21-day cycle for 
six cycles. Patients in the weekly paclitaxel group (group 2) 
received carboplatin as in group 1 and dose-fractionated 
paclitaxel 80 mg/m² by intravenous infusion over 1 h on 

See Online for appendix
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days 1, 8, and 15 of each 21-day cycle for six cycles. Patients 
in the weekly dose-fractionated carboplatin–paclitaxel 
group (group 3) received carboplatin AUC2 by intravenous 
infusion over 30–60 min and paclitaxel 80 mg/m² by 
intravenous infusion over 1 h on days 1, 8, and 15 of each 
21-day cycle for six cycles. Carboplatin dose was calculated 
using the Calvert formula with starting AUC determined 
by the method used to calculate renal function at trial 
entry. AUC5 was used when radioisotopic glomerular 
filtration rate, measured 24 h urinary creatinine clearance, 
and Wright formula estimation had been used, and AUC6 
was used when the modified Cockcroft-Gault or Jelliffe 
formula estimation had been used.

In all groups, treatment proceeded on day 1 of each 
cycle if absolute neutrophil count was at least 1·0 × 10⁹ 
per L and platelet count was at least 75 × 10⁹ per L. In 
group 2, day 8 and day 15 paclitaxel was administered if 
absolute neutrophil count was at least 0·5 × 10⁹ per L and 
platelet count was at least 50 × 10⁹ per L; paclitaxel was 
omitted if these haematological parameters were not 
met. In group 3, day 8 and day 15 weekly carboplatin and 
paclitaxel were administered if absolute neutrophil count 
was at least 1·0 × 10⁹ per L and platelet count was at 
least 75 × 10⁹ per L; both drugs were deferred if these 
values were not met. Protocol-defined dose alterations 
(ie, delay, reduction, or omission) were allowed for 
haematological and other adverse events if deemed 
clinically necessary by the treating physician. Single 
agent carboplatin was accepted as protocol treatment if 
patients were unable to tolerate paclitaxel. In the event of 
carboplatin hypersensitivity, trial management guidelines 
were followed that allowed continuation of carboplatin 
with increased hypersensitivity prophylaxis, the use of a 
formal carboplatin desensitisation regimen, or a switch 
to cisplatin for severe or recurrent hypersensitivity. 
Assigned treatment was discontinued if any of the 
following occurred: progression (as defined by Response 
Evaluation Criteria in Solid Tumours [RECIST] 
version 1.120) while on therapy, unacceptable toxicity, 
intercurrent illness that prevented further treatment, 
withdrawal of consent for treatment by the patient, or 
any alterations in the patient’s condition that justified the 
discontinuation of treatment in the investigator’s 
opinion. Adverse events were graded according to the 
National Cancer Institute Common Toxicity Criteria for 
Adverse Events (version 4.03), and were collected at 
baseline and at the beginning of each chemotherapy 
cycle, to reflect adverse events that had occurred since 
the last cycle.

Surgery was done either as IPS before randomisation, 
followed by six cycles of chemotherapy; or as planned 
DPS, with three cycles of chemotherapy, followed by 
surgery, then by three further cycles of chemotherapy. 
However, surgery could be done at a later date if deemed 
clinically appropriate by the local multidisciplinary team. 
Day 15 treatment was omitted from the chemotherapy 
cycle before DPS to prevent chemotherapy-related 

adverse events affecting surgical timing and the protocol 
recommended that surgery be done within 32 days of the 
start of the pre-surgery chemotherapy cycle.

During chemotherapy, patients were seen before 
administration on day 1 of each chemotherapy cycle, and 
an end-of-treatment visit was carried out 6 weeks after 
day 1 of the last cycle of protocol-defined chemotherapy. 
Thereafter, patients were followed up every 6 weeks from 
the end of treatment visit until 9 months after 
randomisation, then once every 3 months until 2 years after 
randomisation, then once every 6 months until 4 years 
after randomisation, and annually thereafter until trial 
closure. After disease progression, patients were followed 
up every 6 months.

In all patients, baseline disease assessment was done 
with CT of the abdomen and pelvis, and chest radiograph, 
and scans were repeated 6 weeks after the final cycle of 
assigned chemotherapy. In those with planned DPS, two 
additional CT scans were done, one after three cycles of 
chemotherapy to allow surgical planning and then another 
at 4 weeks after DPS. All imaging was reported using 
RECIST version 1.1.20 Serum CA125 tumour marker 
measurements were done at baseline, on day 1 of each 
treatment cycle, and at each follow-up visit. Serum CA125 
concentrations were processed in local laboratories at each 
trial site using commercially available and validated 
immunoassays. During follow-up, routine imaging was 
not mandatory unless clinical symptoms suggestive of 
disease progression occurred or if the GCIG criteria for 
CA125 progression were met.21 In women in whom CA125 
progression was noted in the absence of radiological 
progression as defined by RECIST version 1.1, repeat 
imaging was mandated once every 3 months until 
progression per RECIST version 1.1 was noted.

Outcomes
The trial had two coprimary outcomes, progression-free 
survival and overall survival. For both outcomes, 
two comparisons were to be made: group 2 versus 
group 1 and group 3 versus group 1. Progression-free 
survival was calculated from the date of randomisation to 
the date of the first indication of disease progression or 
death from any cause, whichever occurred first. Disease 
progression was defined by RECIST version 1.1 on the 
basis of radiological, clinical, or symptomatic indicators 
of disease progression and did not include isolated, 
asymptomatic CA125 progression. No central review of 
the primary endpoint was done. Patients were censored 
on the date last seen, defined as either the date of last 
assessment when patient was confirmed to be alive with 
no progression or the date a patient was confirmed to be 
lost to follow-up or withdrawn from the trial. Overall 
survival was calculated from date of randomisation to the 
date of death from any cause.

Secondary outcomes were safety and quality of life, 
which have previously been reported in detail,17,18 and 
health economics, which is not described here.
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Statistical analysis
ICON8 was powered to detect a hazard ratio (HR) 
of 0·75 in both progression-free survival and overall 
survival. For both these analyses, the main comparisons 
were between the control group (group 1) and each of 
the weekly experimental groups (ie, group 2 vs group 1 
and group 3 vs group 1). For both progression-free 
survival and overall survival, the timing of primary 
analyses was event-driven. To determine the sample 
size, we estimated that 70% of patients would enter the 
trial follow the IPS pathway with an estimated median 
overall survival of 36 months, and 30% of patients 
would follow the DPS pathway with an estimated 
median overall survival of 30 months, giving an overall 
median overall survival of 34·2 months. Assuming 
exponential survival and comparing the groups using 
an unadjusted log-rank test, 602 events were required 
for each comparison for overall survival using a 
two-sided 97·5% CI to achieve 90% power, to take the 
multiple comparisons into account, giving a total 
sample size of 1485 patients.

We did efficacy analyses on an intention-to-treat basis, 
including all patients randomly assigned to treatment, 
unless consent for data to be used in analyses was 
withdrawn. We assessed safety in all patients who 
started at least one chemotherapy cycle. We used the 
unadjusted log-rank test as the primary test to 
determine if there was a difference between the Kaplan-
Meier survival curves. We used a Cox proportional 
hazards model as the primary estimation of treatment 
effect alongside median survival with 95% CIs 
calculated using the Kaplan-Meier approach) if the 
proportional hazards assumption was satisfied. 
However, if we found evidence of non-proportional 
hazards (assessed using Schoenfeld residuals), we used 
the restricted mean survival time with 97·5% CIs as the 
primary measure of the estimation of the size of 
treatment effect.

An exploratory analysis with limited power comparing 
group 2 and group 3 was preplanned, in the event that 
both experimental groups were found to perform better 
than group 1 using the aforementioned tests. Subgroup 
survival analyses were preplanned to investigate the 
effect of weekly chemotherapy on survival in patients 
treated with IPS or who were planned for DPS (patients 
who had no surgery planned were included in the DPS 
group; overall survival and progression-free survival) and 
also to account for the randomisation stratification 
factors of FIGO stage, ECOG performance status, and 
histological subtype (overall survival), and were done in 
the same way as in the primary efficacy analyses.

p values of 0·025 or less were deemed to be statistically 
significant for purposes of the primary analysis. An 
independent data monitoring committee met annually 
and had overall oversight of all emerging data within the 
study. Early feasibility and safety analyses were done and 
have reported previously.22

We did all analyses using Stata (version 16.1). This 
study is registered with ClinicalTrials.gov, NCT01654146, 
and the ISRCTN registry, ISRCTN10356387.

Role of the funding source
The funders had no role in the study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between June 6, 2011, and Nov 28, 2014, 1566 patients 
were eligible and randomly assigned to standard 
treatment (group 1; n=522), 3-weekly carboplatin and 
weekly paclitaxel (group 2; n=523), or weekly carboplatin 
and paclitaxel (group 3; n=521; figure 1). Demographic 
and disease characteristics are in table 1. Median age at 
randomisation was 62 years (IQR 54–68), 1073 (69%) of 
1566 patients had high-grade serous carcinoma and 
1119 (71%) had stage IIIC–IV disease. 745 (48%) of 1566 
had debulking surgery before randomisation (ie, IPS) 
and commenced trial chemotherapy a median of 36 days 
(IQR 30–43) after their operation. 780 (50%) of 1566 were 
planned to undergo delayed surgery, while 41 (3%) were 
not considered candidates for future surgical intervention 
after multidisciplinary team review. Patients who had 
planned delayed primary surgery or had no surgery 
planned had more advanced disease at diagnosis than 
did those who had immediate surgery (773 [94%] of 
821 DPS patients vs 346 [47%] of 745 IPS patients had 

1566 patients randomly assigned to treatment

522 assigned to group 1
 519 received at least
  one dose of
  assigned treatment

123 in follow-up without
 progression at end
 of study

522 included in analysis*
 324 died during
  follow-up

 3 did not start
  treatment
 7 withdrew before
  progression
389 had disease
  progression
  1 withdrew after
   progression

523 assigned to group 2
 522 received at least
  one dose of
  assigned treatment

126 in follow-up without
 progression at end
 of study

523 included in analysis*
 309 died during
  follow-up

 1 did not start
  treatment
 6 withdrew before
  progression
390 had diease
  progression
  2 withdrew after
   progression

521 assigned to group 3
 520 received at least
  one dose of
  assigned treatment

125 in follow-up without
 disease progression at
 the end of study

521 included in analysis*
 313 died during
  follow-up

 1 did not start
  treatment
 7 withdrew before
  progression
388 had disease
  progression
  1 withdrew
   consent after
   progression

Figure 1: Trial profile
End of study was March 2, 2020. *Follow-up was censored at time of withdrawal if patient withdrew consent for 
future data to be used.
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stage IIIC–IV disease whereas 44 [5%] DPS patients vs 
399 [54%] IPS had FIGO stage IC–IIIB disease; 
appendix p 1). Chemotherapy delivery by treatment 
group has been reported previously.17

Five (<1%) of 1566 patients did not commence assigned 
treatment due to rapid clinical deterioration, and another 
24 (2%) patients withdrew from trial follow-up before the 
final analysis, of whom 20 withdrew before disease 
progression and four after progression-free survival had 
been reached (figure 1). All patients were included in final 
analyses, with follow-up censored at the date of withdrawal 
if consent was withdrawn for further data collection.

The final follow-up visit took place on March 2, 2020, 
and the database was locked for analysis on March 31, 2020, 
when median follow-up was 69 months (IQR 61–75). As 
of database lock, 324 (62%) patients in group 1, 309 (59%) 
in group 2, and 313 (60%) in group 3 had died (figure 1; table 2). 
There was no evidence for non-proportional hazards for 
overall survival (p=0·84). Median overall survival was 
47·4 months (95% CI 43·1–54·8) in group 1, 54·8 months 
(46·6–61·6) in group 2, and 53·4 months (49·2–59·6) in 
group 3 (table 2, figure 2A), but did not differ significantly 
between treatment groups (HR 0·87 [97·5% CI 
0·73–1·05], p=0·092 for group 2 vs 1; HR 0·91 [0·76–1·09], 
p=0·24 for group 3 vs 1; table 2, figure 2A).

As of data cutoff, progression had occurred in 
389 (75%) patients in group 1, 390 (75%) in group 2, and 
388 (74%) in group 3. The updated progression-free 
survival analysis (figure 2B) also showed no significant 
difference between randomised groups (table 2). Evidence 
of non-proportional hazards (p=0·037) was observed, and 
restricted mean survival time values were used as the 
primary estimate of treatment effect for progression-free 
survival (table 2). Because neither group 2 nor group 3 
performed better than group 1, we did not do the 
exploratory analysis comparing group 2 and group 3.

In the preplanned subgroup analysis to assess the effect 
of weekly chemotherapy on survival in patients treated 
with IPS, or those who were planned for DPS (including 
no surgery planned), longer overall survival and 
progression-free survival were observed among patients 
who underwent IPS than among those managed through 
a DPS approach (appendix p 2). For patients who were 
managed using the DPS approach and those who had no 

Group 1 
(n=522)

Group 2 
(n=523)

Group 3 
(n=521)

Number of deaths 324 (62%) 309 (59%) 313 (60%)

Median overall survival, 
months

47·4 
(43·1–54·8)

54·8 
(46·6–61·6)

53·4 
(49·2–59·6)

Unadjusted log-rank 
p value (vs group 1)

NA 0·16 0·35

Hazard ratio (97·5% CI; 
p value)

1·0 (ref) 0·87 
(0·73–1·05; 
p=0·092)

0·91 
(0·76–1·09; 
p=0·24)

Patients with disease 
progression

389 (75%) 390 (75%) 388 (74%)

Median progression-free 
survival, months

17·5 
(16·1–19·3)

20·1 
(17·9–22·0)

20·1 
(17·8–22·1)

Unadjusted log-rank 
p value (vs group 1)

NA 0·39 0·46

Hazard ratio 
(97·5% CI; p value)

1·0 (ref) 0·92 
(0·78–1·09; 
p=0·39)

0·94 
(0·80–1·10; 
p=0·49)

Restricted mean survival 
time (97·5% CI)

23·9 
(22·1–25·6)

25·3 
(23·6–27·1)

24·8 
(23·0–26·5)

Data are either n (%) or median (95% CI), unless otherwise stated. NA=not 
applicable.

Table 2: Overall survival and updated progression-free survival results 
for all trial participants, intention-to-treat population

Group 1 (n=522) Group 2 (n=523) Group 3 (n=521)

Age, years 63 (55–68) 61 (54–67) 62 (53–68)

Participating group

UK 465 (89%) 468 (89%) 464 (89%)

Australia and New Zealand 24 (5%) 23 (4%) 23 (4%)

Mexico 14 (3%) 13 (2%) 16 (3%)

South Korea 10 (2%) 12 (2%) 10 (2%)

Ireland 9 (2%) 7 (1%) 8 (2%)

Location of cancer

Ovary (epithelial) 420 (80%) 424 (81%) 433 (83%)

Fallopian tube 24 (5%) 27 (5%) 21 (4%)

Primary peritoneal 77 (15%) 70 (13%) 65 (12%)

Missing data 1 (<1%) 2 (<1%) 2 (<1%)

Histological type

High-grade serous 365 (70%) 346 (66%) 362 (69%)

Low-grade serous 11 (2%) 12 (2%) 11 (2%)

Serous (unspecified) 6 (1%) 7 (1%) 6 (1%)

Clear cell 32 (6%) 41 (8%) 34 (7%)

Endometrioid 26 (5%) 19 (4%) 22 (4%)

Carcinosarcoma 2 (<1%) 7 (1%) 3 (1%)

Mixed or other type 80 (15%) 91 (17%) 83 (16%)

FIGO 1988 stage

IC–IIA 56 (11%) 56 (11%) 52 (10%)

IIB–IIC 47 (9%) 47 (9%) 37 (7%)

IIIA–IIIB 43 (8%) 55 (11%) 54 (10%)

IIIC 273 (52%) 266 (51%) 272 (52%)

IV 103 (20%) 99 (19%) 106 (20%)

ECOG performance status

0 246 (47%) 250 (48%) 235 (45%)

1 237 (45%) 230 (44%) 246 (47%)

2 37 (7%) 40 (8%) 39 (7%)

Missing data 2 (<1%) 3 (<1%) 1 (<1%)

Timing of surgery

Immediate 250 (48%) 247 (47%) 248 (48%)

Delayed 258 (49%) 263 (50%) 259 (50%)

Inoperable 14 (3%) 13 (2%) 14 (3%)

Data are n (%) or median (IQR). Group 1 was the control group, receiving carboplatin AUC5 or AUC6 and paclitaxel 
175 mg/m² every 3 weeks, group 2 received carboplatin AUC5 or AUC6 once every 3 weeks and weekly paclitaxel 
80 mg/m², and group 3 received carboplatin AUC2 and paclitaxel 80 mg/m² once a week, all for a total of six 21-day 
cycles. AUC=area under the curve. ECOG=Eastern Cooperative Oncology Group. FIGO=International Federation of 
Gynecology and Obstetrics.

Table 1: Baseline characteristics (intention-to-treat population)
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planned surgery, median overall survival was 32·0 months 
(95% CI 30·3 to 35·5) in group 1, 38·6 months 
(35·8 to 42·3) in group 2, and 37·2 months (32·6 to 43·6) 
in group 3, and for patients managed via IPS median 
overall survival was 78·6 months (71·0 to not reached) in 
group 1, 93·6 months (77·1 to not reached) in group 2, and 
85·8 months (72·9 to not reached) in group 3 (appendix p 2). 
420 (56%) of patients who had IPS and 747 (91%) of 
patients who had DPS (or no planned surgery) had 
progression during the follow-up period (appendix p 2). 
Among both subgroups, no significant differences were 
observed between treatment groups for either overall 
survival or progression-free survival (figure 3; appendix 
pp 2–3).

In additional preplanned subgroup analyses, no 
significant difference in overall survival was observed in 
subgroups defined by timing of surgery, disease stage, or 
histological type (figure 3). Patients with an ECOG 
performance status of 0 benefitted from weekly treatment 
more than did those with an ECOG status of 1 or 2 
(figure 3).

Safety and tolerability data, including dose alterations, 
have been previously reported.17 These data have been 
updated to include the small number of additional events 
reported after the database lock of the primary 
progression-free survival analysis (Feb 20, 2017), and are 
summarised in the appendix (pp 4–5). 511 patients in 
group 1, 514 in group 2, and 513 in group 3 started at least 
one cycle of assigned treatment. 215 (42%) of 511 patients 
in group 1 had at least one grade 3 or worse adverse 
event, compared with 320 (62%) of 514 patients in 
group 2 and 271 (53%) of 513 patients in group 3. The 
most common grade 3 or worse events were decreased 
neutrophil count (78 [15%] in group 1, 183 [36%] in 
group 2, and 154 [30%] in group 3), reduced white blood 
cell count (22 [4%] in group 1, 80 [16%] in group 2, and 
71 [14%] in group 3), and anaemia (26 [5%] in group 1, 
66 [13%] in group 2, and 24 [5%] in group 3). Incidence of 
sensory neuropathy of grade 2 or worse was similar 
across randomised groups (data not shown). No new 
drug-related serious adverse events occurred. Seven 
treatment-related deaths were reported (two in group 1, 
four in group 2, and one in group 3).

Discussion
We found in our final analysis of the ICON8 study that, in 
a predominantly European population with high-risk 
epithelial ovarian cancer, the incorporation of weekly dose-
dense paclitaxel in combination with either 3-weekly or 
weekly carboplatin into first-line multimodality treatment 
does not improve either progression-free survival or overall 
survival.

ICON8 was developed after the results of the Japanese 
JGOG 3016 trial were reported.13,14 Although three 
subsequent phase 3 studies addressing the incorporation 
of treatment with weekly paclitaxel into first-line 
treatment for epithelial ovarian cancer have been done 

outside of Japan,17,23,24 ICON8 is the only study to our 
knowledge that has assessed overall survival as a 
coprimary outcome measure and provides the largest 
and most mature dataset to date. ICON8 was adequately 
powered to detect a clinically relevant survival difference 
between either of the two dose-dense weekly paclitaxel-
containing experimental regimens and standard treat-
ment scheduling. However, neither 3-weekly carboplatin 
and weekly dose-dense paclitaxel (group 2) nor weekly 
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carboplatin and weekly dose-dense paclitaxel (group 3) 
improved progression-free survival or overall survival 
compared with standard 3-weekly chemotherapy 
scheduling in women with ovarian cancer who had 
undergone IPS or received neoadjuvant chemotherapy 
with a plan for DPS or with no planned surgery.

Previously, in the European MITO-7 trial,23 which was 
designed with coprimary endpoints of progression-free 
survival and quality of life, 822 women were randomly 
assigned to standard 3-weekly carboplatin AUC6 with 
paclitaxel 175 mg/m² or a weekly carboplatin (AUC2)–
paclitaxel (60 mg/m²) schedule without paclitaxel dose 
intensifi cation. No significant difference in median 
progression-free survival was observed between the 
two administration schedules, although quality of life 
during chemotherapy was superior on weekly treatment. 

Only 22% of trial participants had died at the time of the 
database lock, restricting the validity of the overall 
survival analysis.23 Concurrently, investigators of the 
Gynecologic Oncology Group (GOG) 0262 trial24 recruited 
692 women with stage II–IV epithelial ovarian cancer 
who were randomly assigned to receive standard 3-weekly 
chemotherapy AUC6 plus 3-weekly paclitaxel 175 mg/m² 
or 3-weekly carboplatin AUC6 plus weekly paclitaxel 
80 mg/m². Additionally, 84% of trial participants opted to 
receive 3-weekly bevacizumab 15 mg/kg for up to 15 
months alongside their cytotoxic treatment. At the time 
of the primary efficacy analysis, weekly treatment was 
not associated with an improvement in progression-free 
survival in the intention-to-treat population. However, in 
the 16% of women who elected not to receive 
bevacizumab, a 3·7 month increase in progression-free 
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Figure 3: Subgroup analyses of overall survival in group 1 vs group 2 (A) and group 1 vs group 3 (B)
DPS=delayed primary cytoreductive surgery. ECOG=Eastern Cooperative Oncology Group. IPS=immediate primary cytoreductive surgery.
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survival was noted (HR 0·62 [95% CI 0·40–0·95]; 
p=0·03).24 Overall survival was analysed as a secondary 
endpoint after an additional 26 months of follow-up to 
capture 304 events (44% total) with no difference detected 
between the two treatment groups (HR 0·94 [95% CI 
0·72–1·23]).24

The absence of a survival benefit is also supported by 
real-world assessment of weekly dose-dense paclitaxel in 
the OPAL study, a national prospective cohort study of 
634 women receiving first-line treatment for ovarian 
cancer conducted at 18 major oncology centres in 
Australia.25 This study showed that, after adjustment for 
age, FIGO stage, and histological subtype, dose-dense 
paclitaxel did not improve progression-free survival, but 
was associated with increased haematological and 
neurological toxicity.

This disparity in survival outcomes associated with 
dose-dense paclitaxel containing chemotherapy regimens 
between the Japanese JGOG 3016 trial and three 
phase 3 trials and a real-world evaluation study conducted 
predominantly in White women emphasise the potential 
importance of racial and ethnic differences in ovarian 
cancer biology or pharmacogenomic factors. Population-
based assessment of the National Cancer Institute 
Surveillance, Epidemiology and End Results database 
identified better 5-year survival for Asian women than for 
White women with ovarian cancer.26 A subsequent pooled 
analysis of 7914 patients who entered ten first-line 
randomised NRG ovarian cancer systemic therapy trials 
identified 273 participants who were of Asian origin.27 
These women were younger, with better performance 
status, and more likely to have cancers of early stage 
disease or with clear cell histology than their Caucasian 
counterparts. However, even after adjustment for these 
factors, Asian race was still a significant positive 
prognostic factor for overall survival (HR 0·84 [0·72–0·99]; 
p=0·04). Notably, pharma cogenomic studies have shown 
lower incidence of polymorphisms in drug-metabolising 
enzymes that might negatively affect paclitaxel activity in 
Asian populations than in Caucasian populations,28 and a 
post-hoc analysis of three phase 3 advanced lung cancer 
trials studying 3-weekly carboplatin–paclitaxel in US and 
Japanese patients determined that the racially associated 
single nucleotide polymorphisms CYP3A4*1B and 
ERCC2K751Q were associated with improved outcomes 
and greater haematological toxicity in Japanese patients 
than in US patients.29 The relatively low number of 
participants recruited from Korea and the fact that data 
on race and ethnicity were not collected prospectively in 
ICON8 prevents a meaningful subgroup analysis to 
determine whether race and ethnicity affects the efficacy 
of weekly dose-dense paclitaxel and was a weakness of 
our trial design. Further assessment of the role of race 
and ethnicity via a meta-analysis of the aforementioned 
phase 3 trials might be possible; however, we recommend 
that detailed race and ethnicity data, capturing sufficient 
information to allow granular analyses, should be 

incorporated into routine baseline demographic data 
collection in future phase 3 ovarian cancer trials.

Although the broad eligibility criteria adopted in 
ICON8 were considered a strength at the time of study 
design in 2009 by allowing wide participation and rapid 
recruitment, in retrospect and with our current 
knowledge of ovarian cancer biology, the inclusion of 
women with stage IC–IV disease and low-grade 
histologies (in particular low-grade serous) could be seen 
as a limitation on the ability of the trial to define the 
effect of dose-dense treatments. However, the small 
numbers of women with low-grade serous carcinoma 
and the 10% cap placed on the proportion of women with 
early stage high-risk disease mitigates these concerns. 
Additionally, at the time of ICON8 recruitment (2011–14), 
BRCA mutation testing was only available for women 
with a strong family history of breast or ovarian cancer, 
and so we are unable to assess the interaction between 
BRCA mutation status, other biomarkers of homologous 
recombination deficiency, and dose-dense chemotherapy 
administration within ICON8.

Notably, in ICON8 our reported overall survival is 
substantially longer than was anticipated at trial design. 
Our power calculation assumed a median overall survival 
of 36 months for patients who had IPS and 30 months 
for those treated with neoadjuvant chemotherapy and 
DPS on the basis of mature overall survival data from the 
ICON3, GOG0182-ICON5, and EORTC 55791 trials, 
which predominantly recruited patients with advanced 
stage disease.6,30,31 Our reported median overall survival 
was substantially longer than this estimate. This finding 
is reflective of the improvements in the number and 
efficacy of treatment options both in the maintenance 
setting and beyond disease progression for patients with 
ovarian cancer that have occurred in the past decade. In 
particular, we report a long median overall survival for 
patients who had IPS. 54% of patients who had IPS 
patients had FIGO stage IC–IIIB disease, and only 56% 
had disease progression during trial follow-up compared 
with 91% of patients who had DPS planned. These data 
reinforce that patients with early stage high-risk ovarian 
cancer have a very different prognosis to those with high-
stage disease and we recommend that these groups 
should no longer be included in the same interventional 
trials. Additionally, although the longer than expected 
overall survival time in our trial meant that the analysis 
was done later than initially projected, because this 
analysis was triggered by a required number of events 
(602 in each comparison of group 1 vs group 2, and 
group 1 vs group 3), the analysis was still conducted with 
full information and was adequately powered to detect a 
target HR of 0·75.

Notably, a higher proportion of women entering 
ICON8 received neoadjuvant chemotherapy with a plan 
for DPS than was predicted in our power calculations. 
The results of the EORTC 55971 trial,6 published shortly 
before the start of the ICON8 enrolment period, showed 
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that overall survival with neoadjuvant chemotherapy and 
DPS was non-inferior to IPS and was associated with less 
perioperative morbidity. Therefore, DPS rapidly became 
a more widely adopted standard approach for women 
with advanced epithelial ovarian cancer for whom 
complete primary cytoreduction is deemed unlikely in 
many UK centres.

This shift in real-world surgical practice is unlikely to 
have affected our ability to assess the effect of dose-dense 
chemotherapy because randomisation in ICON8 was 
stratified by surgical timing, and so the proportion of 
patients planned for DPS was balanced across all groups.

Although this study has clearly shown that dose-dense 
paclitaxel is not more efficacious than once every 3 week 
dosing when given in combination with carboplatin as 
part of the first-line management of ovarian cancer, it 
does not address whether modulating paclitaxel dose 
frequency might interact with maintenance treatment 
approaches that are now part of standard of care. This 
factor is particularly relevant in the context of anti-
angiogenic therapy. Bevacizumab, an anti-VEGF 
monoclonal antibody, given concurrently with first-line 
3-weekly carboplatin–paclitaxel and as subsequent 
maintenance therapy, has been shown to improve overall 
survival in women with high-risk FIGO stage III–IV 
ovarian cancer in subgroup analyses of two international 
phase 3 trials.32,33 However, some research suggests that 
weekly paclitaxel might be a better backbone for targeted 
anti-angiogenic therapies than 3-weekly paclitaxel In an 
exploratory subgroup analysis of the AURELIA 
phase 3 trial of women with platinum-resistant recurrent 
ovarian cancer, a higher response rate was seen in the 
group randomly assigned to weekly paclitaxel plus 
bevacizumab than in those assigned to weekly paclitaxel 
alone (53% vs 30%) with superior overall survival 
(22·4 months vs 13·2 months; HR 0·65 [95% CI 
0·42–1·02]), despite 38% of women receiving weekly 
paclitaxel alone crossing over to bevacizumab at disease 
progression.34 Although this was an exploratory analysis, 
and so not sufficiently powered, it is hypothesis 
generating and supports further assessment of this 
combination strategy in clinical trials. An exploratory 
biomarker assessment has also suggested that differential 
amplification of angiogenesis-related pathway genes is 
seen in women with recurrent ovarian cancer who have 
exceptionally durable responses to weekly paclitaxel.35 
Whether the integration of both weekly paclitaxel and 
bevacizumab into the first-line management of disease 
in women with high-risk stage III–IV ovarian cancer will 
improve survival is being assessed in our follow-on 
ICON8B trial, which completed accrual in 2020. 
Although the first-line GOG 0262 trial, which did not 
show a survival benefit for weekly dose-dense paclitaxel 
compared with 3-weekly dosing both given with 3-weekly 
carboplatin, allowed women to receive bevacizumab, its 
use was based on investigator and patient choice rather 
than mandated per protocol.24 Moreover, not all 

participants met the criteria for high-risk disease, which 
is the population who typically gain most benefit from 
anti-angiogenic therapy, as identified retrospectively 
from the ICON7 trial.33

In summary, the mature overall survival results of the 
ICON8 trial support that weekly dose-dense paclitaxel 
should not be used as part of standard multimodality 
ovarian cancer treatment for women of predominantly 
European descent in the front-line setting. Whether the 
potential synergy between dose-dense paclitaxel and 
bevacizumab seen in the setting of platinum-resistant 
recurrent ovarian cancer will improve outcomes in first-
line treatment is being investigated in the ICON8B trial.
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