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A B S T R A C T

Objectives: Platinum-based chemotherapy is the mainstay of first-line (1L) therapy for advanced non-small cell
cancer (NSCLC). The objective of this study was to evaluate the relative efficacy, safety, and health-related
quality of life (HRQoL) of carboplatin- versus cisplatin-based chemotherapy in 1L NSCLC.
Materials and Methods: A meta-analysis by the Cochrane group (2013) was updated. Systematic searches of
CENTRAL, Medline, Embase, Latin American and Caribbean Health Sciences database, clinicaltrials.gov and
conference proceedings were conducted to include randomized controlled trials (RCTs) published between 2013-
January 2018 which compared carboplatin and cisplatin combined with: gemcitabine, vinorelbine, docetaxel,
paclitaxel, irinotecan, or pemetrexed. Endpoints included overall survival (OS), one-year OS, objective response
rate (ORR), grade 3/4 drug-related toxicities, and HRQoL.
Results: Twelve RCTs (2,048 patients) were identified from 4,139 records for inclusion in the meta-analysis.
There were no significant differences in OS (hazards ratio [HR]: 1.08, 95% confidence interval [CI]: 0.96, 1.21)
and one-year OS (relative risk [RR]: 0.97, CI: 0.89, 1.07) between carboplatin- and cisplatin-based che-
motherapy. A small effect on ORR favouring cisplatin was detected (RR=0.88; CI: 0.78, 0.99). Differences in
drug-related toxicities were observed between carboplatin- and cisplatin-based chemotherapy for thrombocy-
topenia, anaemia, neurotoxicity, and the risk of nausea/vomiting. Three RCTs comparing HRQoL between
carboplatin- and cisplatin-based chemotherapy found no significant differences.
Conclusions: This updated evidence base corroborates findings of previous meta-analyses showing no difference
in OS between carboplatin- and cisplatin-based chemotherapy, despite a slight benefit in ORR for cisplatin.
Toxicity profiles should be considered alongside patients’ comorbidities in the choice of therapy.

1. Introduction

Lung cancer is the leading cause of cancer death worldwide, and
non-small cell lung cancer (NSCLC) accounts for 85% of all lung cancers
[1]. For advanced disease (stage IIIB-IV), first-line treatment options
have evolved in recent years; however, the mainstay consists of pla-
tinum-based chemotherapy doublets [2,3].

The two platinum analogues used in clinical practice are cisplatin
and carboplatin. These agents have well established differences in
toxicity profiles: cisplatin is associated with emesis, nephrotoxicity, and
neurotoxicity, whereas the myelosuppressive effects of carboplatin lead
to hematologic toxicities [4,5]. Differences in drug efficacy between the

two agents are less clear, and prescribing preference of one platinum
over the other has been the subject of debate. In the United States, less
than 10% of physicians prescribing platinum-doublet-based regimens
use cisplatin as the platinum agent [6], whereas until recently, Eur-
opean guidelines were explicit in preferring cisplatin for otherwise
healthy patients, which is reflected in its more widespread use in many
European countries [3,7,8].

Previous meta-analyses have been conducted to understand how
clinical outcomes differ between cisplatin- and carboplatin-based che-
motherapy doublets, across a wide range of cancers [4]. In advanced
NSCLC, the most recent meta-analysis has indicated no difference in
overall survival (OS), yet a potentially greater benefit with cisplatin on
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objective response rates (ORR) [9].
In light of the rapidly changing landscape of NSCLC therapy and

corresponding expansion of trial data, it would be important to update
these comparisons with such new evidence. Therefore, our objective
was to compare the efficacy, safety, and health-related quality of life
(HRQoL) of carboplatin- versus cisplatin-based combination che-
motherapy used as the first-line treatment for patients with advanced
NSCLC, incorporating up-to-date evidence in this setting.

2. Materials and methods

2.1. Systematic literature review

A systematic literature review (SLR) was conducted to identify
randomized controlled trials (RCTs) conducted among treatment-naïve
adult patients with advanced NSCLC who had received platinum
doublet-based chemotherapy. RCTs were required to directly compare
carboplatin-based with cisplatin-based therapy, in combination with
the same chemotherapy agent: gemcitabine, docetaxel, paclitaxel, vi-
norelbine, irinotecan, or pemetrexed. RCTs were required to report OS,
one-year survival rate, ORR, drug toxicities, or HRQoL.

Searches were run in January 2018 using the following electronic
databases: The Cochrane Central Register of Controlled Trials
(CENTRAL), Medline, Embase and the Latin American and Caribbean
Health Sciences (LILACS) database. In addition, the following sources
were also searched: Proceedings of the American Society of Clinical
Oncology Meetings (ASCO; 2013 to 2017), ClinicalTrials.gov (2016 to
2017), and reference lists of included RCTs. Search terms were based on
a previous SLR conducted by the Cochrane group [9], and RCTs iden-
tified in that previous review were included. The timeframe for our
database searches was between January 2013 and January 2018, as the
period prior to 2013 was covered by the previous review. Additionally,
new searches involving pemetrexed-based therapy (which was not in-
cluded in the previous review) were run from database inception to
2018 [9].

All publications identified from the search underwent a two-stage
selection process: a review of the titles and abstracts (screening),

followed by a review of the full-text articles that passed the screening
(eligibility). Two reviewers independently determined whether articles
met inclusion criteria, with a third reviewer adjudicating discrepancies
as needed. An experienced analyst extracted data (including study de-
sign, patient characteristics, details of interventions, and outcome
measures) from each included RCT, and a senior reviewer checked all
fields. All RCTs newly identified and eligible for inclusion were assessed
by an experienced reviewer using the Cochrane Collaborations re-
commended risk of bias tool [10]. The risk of bias assessments for the
remaining included studies were obtained from the previous review [9].

Missing data were informed using three approaches: 1) contacting
study authors; 2) reviewing data presented in previous meta-analyses
(hazard ratios [HR] from Ardizzoni et al. (2007) [11], who had access
to individual patient-level data, and other estimates from the Cochrane
meta-analysis); and 3) digitally reconstructing the Kaplan-Meier curves
to estimate HRs [12].

2.2. Evidence synthesis

A meta-analysis was conducted for carboplatin-based regimens re-
lative to cisplatin-based regimens on the following endpoints: OS using
HR, one-year OS rate using relative risk (RR), drug toxicities (grade III
or IV toxicity based on reported events by cycle and by participant)
using RR, and ORR using RR. All comparisons were made for carbo-
platin- versus cisplatin-based therapy; a point estimate lower than one
indicated a lower risk or probability associated with carboplatin for:
death (OS HR); being alive at one year (OS RR); experiencing an ad-
verse event (AE RR); or achieving an objective response (ORR RR). The
main analysis was conducted using random-effects models.
Heterogeneity was measured using the I2 statistic, with values greater
than 50% indicating substantial heterogeneity. All analyses were per-
formed using R version 3.4.1 [13].

Due to limited reporting and heterogeneity in methods of reporting
and scales used, HRQoL data were summarized in a tabular format.

Pre-specified subgroup analyses were performed on efficacy end-
points to examine findings according to the type of chemotherapy
doublet, and according to pre-defined dose ranges of cisplatin: low

Fig. 1. PRISMA flow diagram.
ade Castria et al. (2013) [9].
bTwo new RCTs were identified, as well as one RCT which was included in the review by de Castria et al. (2013) as a conference abstract (Ferry 2011), and whose full-
text publication was included in the present study (Ferry 2017).
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(40–80mg/m2) and high (80–100mg/m2). Sensitivity analyses in-
cluded using fixed effect models for efficacy endpoints, and removing
studies where the concomitant chemotherapy dose differed in the car-
boplatin vs. cisplatin study arm, for all endpoints.

3. Results

The SLR search yielded a total of 2,048 records. Of these, 12 RCTs
were included, which involved a total of 4,139 patients (Fig. 1)
[14–25]. Relative to the previous Cochrane meta-analysis upon which
the current review was based, two new RCTs were added, and updated
results were captured from a third RCT [24–26]. Of the included RCTs,
the platinum agents were combined with: gemcitabine (n= 5)
[14,18,23,24,26], paclitaxel (n=5) [15,19–22], docetaxel (n= 1)
[17], or pemetrexed (n=1) [25].

Overall, a large majority of patients in the included RCTs had stage
IV NSCLC (Appendix A, Table A.1). The median age in all studies was
at least 58 years, and most studies had a greater proportion of males
than females. One RCT was conducted in an elderly population, with
nearly half of patients having performance status (PS) 2 [15]. One RCT
was restricted to squamous NSCLC patients [24]; other RCTs included
patients with either squamous (17%–56% of patients) or non-squamous
histology [20,21].

Cisplatin was typically administered on day 1 at 60–80mg/m2; one
RCT included a dose of 100mg/m2 on day one [22], and two RCTs
[14,24] used a dosing schedule of 30–40mg/m2 on days one and three
(Appendix A, Table A.2). Additionally, Ferry et al. (2017) examined
cisplatin dosing of 50mg/m2 against a dosing of 80mg/m2, both

administered on day one [26]. Carboplatin was typically dosed using an
area under the concentration curve (AUC) of 5–6mg/mL/min on day
one; one RCT allowed AUC 4–6mg/mL/min [14], and one RCT used a
dose of 350mg/m2 [22]. Two RCTs involved different paclitaxel dosing
strategies between the cisplatin and carboplatin treatment arms
[20,21].

3.1. Efficacy

Ten of the 12 RCTs expressed OS as a HR [15,17–21,23–26]. The
overall pooled estimate for carboplatin relative to cisplatin suggested
no significant difference in the risk of death (HR=1.08; 95% con-
fidence interval [CI]: 0.96,1.21; I2= 49%) (Fig. 2).

Eleven RCTs reported 1-year OS [15,17–26]; there was no sig-
nificant difference in 1-year survival rate (RR=0.97; 95% CI: 0.89,
1.07; I2= 14%) and no significant heterogeneity among the trials
(Fig. 3).

ORR was evaluated in all 12 included RCTs [14,15,17–26]. The
meta-analysis indicated that the probability of achieving a response was
significantly lower for carboplatin compared to cisplatin (RR=0.88;
95% CI: 0.78, 0.99) (Fig. 4). Relative to the combination partners of
platinum, this effect was only statistically significant with docetaxel
regimens (RR=0.76; 95% CI: 0.60, 0.95), while it was not significant
for all other platinum combination partners. There was no significant
heterogeneity among the trials (I2= 15%).

Subgroup analyses and sensitivity analyses were consistent with the
main results, although differences in ORR were non-significant when
fewer RCTs were included in the meta-analysis (Appendix A, Table A.3).

Fig. 2. Forest plot for overall survival.
CI: confidence interval; HR: Hazard Ratio.
aBoth arms using cisplatin-based regimens were grouped in the same analysis. HRs less than 1 indicate a lower hazard of death (i.e. better outcomes) for carboplatin-
containing regimens versus cisplatin-containing regimens.
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3.2. Toxicity

Toxicity rates were reported as number of events per participant or
events per cycle. Two RCTs provided summaries of grade 3/4 toxicity
by cycle; both in combination with gemcitabine [18,26]. The risk of
anemia was significantly higher with carboplatin than with cisplatin
(RR=3.94; 95% CI: 1.80, 8.65) (Fig. 5). No statistically significant
differences were detected for other grade 3/4 adverse events assessed
by cycle.

Eleven of the 12 RCTs reported grade 3/4 adverse events by parti-
cipant (Fig. 6a and b) [14,15,17,19–26]. The risk of nausea/vomiting
was 47% higher with cisplatin than with carboplatin (RR=0.53; 95%
CI: 0.38, 0.73). Thrombocytopenia occurred among 7%–25% of pa-
tients receiving a carboplatin-based regimen, which was significantly
more frequent compared with cisplatin-based regimens (RR=2.46;
95% CI: 1.49, 4.04).

Although the main analysis unexpectedly indicated a higher risk of
neurotoxicity associated with carboplatin (RR=1.55; 95% CI: 1.06,
2.27), the difference was non-significant (RR=1.33; 95% CI: 0.79,
2.25) after removal of two RCTs that used higher paclitaxel doses for
patients receiving carboplatin relative to those receiving cisplatin
[20,21]. The sensitivity analysis estimates were otherwise consistent
with the main findings (Appendix A, Table A.3).

3.3. HRQoL

Four RCTs assessed differences in HRQoL outcomes in carboplatin-
and cisplatin-based regimens [17,19,24,26], although only three pro-
vided comparisons between carboplatin and cisplatin arms [19,24,26].
The RCTs involved different HRQoL measures, precluding any formal
synthesis of HRQoL outcomes. The scales included: the EuroQol group
standardized instrument, the EQ-5D [17,26]; the Functional Assessment

of Cancer Therapy – Lung (FACT-L) (including the trial outcome index
[TOI]) [17,24]; the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire – Core 30 (EORTC QLQ-C30)
and the EORTC QOL-LC13 (13-item quality of life lung cancer-specific
questionnaire) [19,26]. None of the RCTs detected differences in the
global scales between the cisplatin and carboplatin arms. However,
Rosell et al. (2002) reported statistically significant differences in
symptom sub-scales favouring cisplatin for haemoptysis and pain in the
chest (p < 0.05), pain (p < 0.10) and pain medication consumption
(p < 0.10), and favouring carboplatin for appetite loss (p < 0.10).

3.4. Risk of bias

The results of the risk of bias assessment is presented in Appendix
A, Figure A.1. Allocation was adequately concealed in most studies,
although no relevant information was provided by Saad et al. (2017).
Eleven of the RCTs did not report complete information about the
blinding process; the study by Schuette et al. (2013) was classified as
high risk for selection bias given that it was an open-label study; ad-
ditionally, this study was designed as a non-comparative trial. Overall,
selective reporting was not identified as a main source of bias in the
included studies; only Cai et al. (2002) and Rosell et al. (2002) did not
report survival data. Phase II studies were identified as high risk for
other bias. As explained by de Castria et al. (2013), the study conducted
by Rosell et al. (2002) was classified as high risk for other bias due to
the fact that 34% of subjects randomized to carboplatin required a dose
reduction and that this may be associated with a lower effectiveness.

4. Discussion

This systematic review and meta-analysis captured up-to-date evi-
dence, current to 2018, on the relative effects of carboplatin- versus

Fig. 3. Forest plot for overall survival rate at one year.
CI: confidence interval; RR: Relative Risk.
aBoth arms using cisplatin-based regimens were grouped in the same analysis. RRs less than 1 indicate worse overall survival at 1y for carboplatin-containing
regimens versus cisplatin-containing regimens.
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cisplatin-based chemotherapy doublets in advanced NSCLC.
The efficacy-related findings in our analysis are consistent with the

previous research [9] upon which our study was based and revealed a
small yet statistically significant benefit in response rates associated
with cisplatin, yet no significant difference in OS. Earlier meta-analyses
showed significantly better OS associated with cisplatin over carbo-
platin, when used in combination with third-generation chemotherapy
agents, although no difference when used in combination with older
chemotherapies [11,27]. These findings had been incorporated into
earlier European guidelines, which explicitly recommended cisplatin
over carboplatin among younger and relatively fit patients [28].
However, the effect size in early meta-analyses had been modest, and as
newer RCTs were added to the evidence base, the overall pooled esti-
mate became non-significant. The most recent European guidelines and
the National Comprehensive Cancer Network (NCCN) guidance no
longer state an explicit preference for cisplatin [3,29]. A major addition
to the most recent evidence base was the full reporting of the Phase 3
RCT by the British Thoracic Oncology Group (the BTOG2 trial), by
Ferry et al [26]. In this large RCT (nITT= 1363), the investigators
sought to resolve the debate regarding carboplatin vs. cisplatin, taking
into account both the choice of platinum as well as cisplatin dosing (to
address differences in cisplatin dosing across Europe). Their findings for
OS - carboplatin 6 AUC superior to cisplatin 50mg/m2, and non-inferior
to cisplatin 80mg/m2 – contrast with those from a majority of studies in
our analysis. Notably, in our pooled meta-analysis, this single study
contributed nearly 20% of the weight to the overall pooled estimate for
OS, and over 50% of the weight to the gemcitabine-specific subgroup
estimate for OS. The authors (Ferry et al.) attributed the discrepancy
between findings from their trial and those in previous research to
differences of dosing, including changes in carboplatin dosing over the
years (shifting from body surface area to Calvert formula, methods for

estimating glomerular filtration rate, or the choice to use a lower dose
of carboplatin). These considerations all apply to our current meta-
analysis.

The pooled estimate for ORR showed a statistically significant
benefit associated with cisplatin-based chemotherapy. This finding has
been reported across several types of cancer, and may benefit patients
who have severe symptoms by shrinking the tumour and relieving tu-
mour-size-related symptoms [4,30]. Although the overall pooled effect
was statistically significant, only one RCT, not designed to compare the
platinum agents, had a statistically significant effect size on its own
[17]. This three-arm trial was designed to compare vinorelbine plus
cisplatin against docetaxel-based platinum doublets and therefore the
finding of better ORR with cisplatin vs. carboplatin was not explicitly
reported or explored by the study authors [17,25]. With the strongest
evidence coming from trials that were not designed to address this
study question, along with previously noted differences in dosing
strategies across RCTs, this finding should be interpreted with caution.

Toxicity-related findings from our meta-analysis are consistent with
the known profiles of carboplatin and cisplatin. Higher risk of nausea
and vomiting has long been associated with cisplatin, which is typically
administered alongside anti-emetic agents and intravenous hydration.
These requirements are burdensome, decrease quality of life, and can
deter physicians from prescribing cisplatin to certain patients.
However, the prevalence of grade 3/4 nausea/vomiting in cisplatin
arms was considerably lower in RCTs conducted in the last decade (up
to 8%) than in older RCTs (up to 49%), which reflects considerable
improvements in the efficacy of anti-emetic medications [31]. The ne-
phrotoxic effects known to be associated with cisplatin were not sta-
tistically significant in our analysis, although we observed a non-sig-
nificant trend toward a lower risk of renal toxicity associated with
carboplatin. This non-significant finding may also reflect that the

Fig. 4. Forest plot for objective response rate.
CI: confidence interval; RR: Relative Risk.
aBoth arms using cisplatin-based regimens were grouped in the same analysis. RRs less than 1 indicate worse response rates for carboplatin-containing regimens
versus cisplatin-containing regimens.
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eligibility criteria of included RCTs stipulated that patients have ade-
quate renal function. The significantly increased risks of thrombocy-
topenia (by patient) and anaemia (by cycle) and trend toward increased
risk of neutropenia associated with carboplatin are consistent with the
known myelosuppressive effects of carboplatin. The finding of higher
rates of neurotoxicity associated with carboplatin was non-significant in
the sensitivity analysis that removed RCTs involving different dosing
schedules of paclitaxel across study arms (with a 225mg/m2 3-h infu-
sion used in the carboplatin arm, and a 135mg/m2 24-h infusion used
in the cisplatin arm). This is consistent with other evidence suggesting
that paclitaxel can cause neurotoxicity [32,33].

Although no statistical differences in global HRQoL scales were
detected in any of the RCTs, some clinicians continue to strongly favour
carboplatin over cisplatin based on the perceived impact of toxicities,
such as nausea/vomiting and ototoxicity, on patients’ quality of life.
Physicians consider those toxicities more impactful on quality of life
than carboplatin-related toxicities such as thrombocytopenia, which is
largely asymptomatic [30,34]. Furthermore, the finding of no differ-
ence in HRQoL contrasts with studies conducted in other cancers, which
have demonstrated better overall HRQoL associated with carboplatin-
based regimens [35,36]. The detailed HRQoL findings from the BTOG2

RCT are forthcoming and may provide further insights [26].
Taken together, our findings provide an up-to-date synthesis of the

efficacy, toxicity and HRQoL associated with cisplatin and carboplatin
based on RCTs; however, our findings can be generalized only to clin-
ical trial-eligible patients. A majority of patients enrolled into RCTs in
our meta-analysis had PS 0–1 and no renal or hepatic impairment;
several RCTs also excluded patients with brain metastases, pre-existing
neuropathy, or other serious concomitant illnesses. A large European
prospective real-world study (FRAME), demonstrated that patients re-
ceiving carboplatin tend to have significantly more comorbidities, more
likely to have PS 2–3, and be significantly older; in fact, 47% of patients
receiving carboplatin were older than 70 years compared with only
15% of those receiving cisplatin [7]. These practice patterns align with
European guidelines, which advise against using cisplatin-based pla-
tinum doublets among patients with poor PS and selected older pa-
tients, e.g. those with poor organ function. Those populations were not
fully explored in our current analysis, and findings should not be ex-
trapolated to those groups [3].

Bevacizumab and new immunotherapies are currently licensed for
use in combination with platinum doublets or are being tested in Phase
3 clinical trials [37–41], yet these combinations were not included in

Fig. 5. Forest plot for grade 3/4 toxicity by cycle.
CI: confidence interval; RR: Relative Risk.
aBoth arms using cisplatin-based regimens were grouped in the same analysis. I2 not presented due to small number of RCTs. RRs less than 1 indicate lower risk of
adverse events for carboplatin-containing regimens versus cisplatin-containing regimens.
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our current review. To our knowledge, there are no RCTs conducted
among patients with advanced NSCLC that directly compare carbo-
platin against cisplatin in combination with either bevacizumab or an
immunotherapy [42]. Some immunotherapy trial designs have

permitted investigators to select either platinum agent; however,
prognostic factors are likely to be imbalanced between those receiving
carboplatin and cisplatin, as treatment assignment was not randomized.
For example, in KeyNote 189, nearly three quarters of patients received

Fig. 6. a Forest plot for grade 3/4 non-hematologic toxicity by participant.
CI: confidence interval; RR: Relative Risk.
aPaclitaxel dosing differed between study arms.
bBoth arms using cisplatin-based regimens were grouped in the same analysis.
RRs less than 1 indicate lower risk of adverse events for carboplatin-containing
regimens versus cisplatin-containing regimens.
cIn a sensitivity analysis excluding RCTs where paclitaxel dosing differed be-
tween armsa, the effect estimate was RR=1.33; 95% CI: 0.79 to 2.25.
Fig. 6b Forest plot for grade 3/4 hematologic toxicity by participant.
CI: confidence interval; RR: Relative Risk.
aPaclitaxel dosing differed between study arms.
bBoth arms using cisplatin-based regimens were grouped in the same analysis.
RRs less than 1 indicate lower risk of adverse events for carboplatin-containing
regimens versus cisplatin-containing regimens.
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carboplatin, and these patients were older, had worse performance
status and were more likely to have brain metastasis than those re-
ceiving cisplatin [43]. Thus, any forthcoming comparisons between
platinum agents would need to adjust for these confounding factors and
would have lower internal validity than RCT-based estimates.

Our study has certain limitations that should be taken into account.
As with any systematic review and meta-analysis, our data rely on
previously published research. Non-reporting was a challenge, in par-
ticular for HRs of OS. Relative to the previous meta-analysis [9], we
updated the HRs using more recent methodology and previously pub-
lished estimates based on individual patient-data. While the results
remained broadly similar, our estimates remain subject to the limita-
tions of these methodologies [11,12]. Our approach to identifying RCTs
relied on adding to the evidence base collected by the Cochrane group
through an incremental search, rather than conducting de novo searches
of our own [9]. While the fact that we did not run the original searches
may be a limitation of the current study, the rigour of Cochrane group’s
methodology combined with the fact that the set of RCTs included in
the current review align with other systematic reviews on this topic
suggests that this approach did not impact the study’s comprehensive-
ness. As pointed out by Ferry et al. [26], meta-analyses are limited by
the heterogeneity in dosing across the trials, as well as changes in
treatment patterns over time. Although we conducted a dose-based
subgroup analysis, the relatively small number of included RCTs pre-
vented us from exploring additional differences in dosing strategies, or
investigating trends over time. Histology-based subgroup data were not
available in the majority of trials, as such the individual patient-level
data analysis previously performed by Ardizzoni et al. could not be
updated [11].

4.1. Conclusions

Collectively, this study provides updated estimates that show a lack
of a difference in survival between the platinum-doublet regimens. The
small relative benefit of cisplatin on ORR and the different toxicity
profiles between carboplatin- and cisplatin-based chemotherapy should
be considered based on patients’ symptoms, preferences, and co-
morbidities in the selection of first-line NSCLC therapy.
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