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A B S T R A C T

Introduction: The aim is to conduct an updated systematic review comparing palonosetron to other 5-HT3RAs for
the prophylaxis of CINV, assess for publication biases, and determine whether further RCTs are required, that
could potentially lead to a different meta-conclusion.
Methods: Random-effects analysis model was used to generate odds ratio (OR), risk differences (RD) and ac-
companying 95% confidence intervals (CI). Funnel plots to assess for biases and cumulative meta-analyses to
assess effect size over time were generated.
Results: 4145 patients were randomized to palonosetron and 4911 received other 5-HT3RAs. In the majority of
efficacy endpoints, the meta-conclusion has not changed over time - recent clinical trials simply narrow CIs the
meta-conclusion. Safety profile boasts a stable conclusion over time. No publication biases exist.
Conclusion: Considering the vast amount of resources needed to conduct RCTs, resources should be dedicated to
other prophylactic treatments/settings which have not been as well explored.

1. Introduction

Many antiemetics have been designed to target pathways involved
in chemotherapy-induced nausea and vomiting (CINV), a debilitating
adverse event of chemotherapy that can decrease the quality of life of
patients (Chiu et al., 2016; Chow et al., 2016). Disrupting the CINV
pathway where serotonin released from enterochromaffin cells binds to
5-hydroxytryptamine type 3 (5-HT3) receptors on vagal afferents is
accomplished by using 5-HT3 receptor antagonists (5-HT3RAs) such as
ondansetron, granisetron and palonosetron (Navari and Aapro, 2016;
Saito et al., 2009). Aprepitant, netupitant and rolapitant are neuro-
kinin-1 (NK1) receptor antagonists designed to block the pathway
where substance P initiates impulses to the medulla and induces CINV
by binding to NK1 receptors (Diemunsch and Grelot, 2000; Aapro et al.,
2014; Chow et al., 2018a).

Palonosetron has been extensively compared to other 5-HT3RAs
with respect to its efficacy and safety (Eisenberg et al., 2003; Gralla
et al., 2003; Aapro et al., 2006; Chen et al., 2007; Li et al., 2009; Yu

et al., 2009; Ghosh and Dey, 2010; Kaushal et al., 2010; Dong et al.,
2011). The most recent systematic review in 2018 (Chow et al., 2018b)
incorporated the results of 24 randomized-controlled trials (RCTs),
which served as an update to the original 2014 meta-analysis by Po-
povic et al. which initially included 16 RCTs (Popovic et al., 2014). The
latest publication found that palonosetron was clinically superior in
only 1 of 19 endpoints and approached clinical superiority in another 2
endpoints, a change from the results previously found in 2014 when 3
endpoints were reported to be clinically superior and 6 approached
clinical superiority (Chow et al., 2018b). The results support the latest
clinical guidelines published by the Multinational Association of Sup-
portive Care in Cancer (MASCC) and the European Society for Medical
Oncology (ESMO) in 2016 (Roila et al., 2016), American Society of
Clinical Oncology (ASCO) in 2017 (Hesketh et al., 2017), and National
Comprehensive Cancer Network (NCCN) in 2017 (Berger et al., 2017)
for not recommending palonosetron as the preferred 5-HT3RA for all
CINV therapies.

As with all systematic reviews, there exists the limitation of
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publication bias, which was not assessed in the prior systematic reviews
(Chow et al., 2018b; Popovic et al., 2014). Additionally, RCTs are
commonly repeated following meta-analyses, which spurs more meta-
analyses and produces a vicious cycle/positive feedback loop. For in-
stance, following the 2014 review (Popovic et al., 2014), an additional
8 studies were published in addition to the preexisting 16 trials. As of
the latest meta-analyses (Chow et al., 2018b), there are already 24
RCTs, which randomized approximately 9000+ total patients to palo-
nosetron or other 5-HT3RAs. Given that palonosetron has already been
extensively studied, and that significant resources are required to
conduct RCTs, it is important to elucidate whether further studies are
still required.

The primary aim of this study is to conduct a comprehensive meta-
analysis to determine whether further trials could potentially lead to
different conclusions in future meta-analyses. A secondary aim was to
assess for publication biases.

2. Methods

The literature search was extended to August 2018 from the final
search date of the prior meta-analysis by our group in 2017 and data
extraction completed as per methodology previously reported by Chow
et al. (2018b). To recap briefly, a literature search was conducted with

the search limited to clinical trials and English-language publications.
Studies were screened by titles and abstracts, and then by full-texts, to
determine whether RCTs compared palonosetron to other 5-HT3RAs
with respect to any of the following efficacy endpoints:

1 Complete response (CR) – no emesis and no use of rescue antie-
metics

2 Complete control (CC) – no emesis, no rescue medication and no
more than mild nausea

3 No episodes of nausea
4 No emetic episodes
5 No use of rescue medication

Safety endpoints of constipation, diarrhea, dizziness and headache
were also recorded. Extracted endpoints, where possible, were recorded
in the acute (0–24 hours post-chemotherapy), delayed (24–120 hours)
or overall phases (0–120 hours).

The number of events and the total number of patients randomized
to each arm, per study, were computed (Chow et al., 2018b). Statistical
analyses were conducted using Review Manager (RevMan 5.3) by Co-
chrane IMS and Comprehensive Meta-Analysis (Version 3) by Biostat.
Previously published forest plots that required inclusion of new studies
were produced by RevMan 5.3. Funnel plots to assess for publication

Fig. 1. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting over time – complete response. a.
Acute Phase, b. Delayed Phase, c. Overall Phase.
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Fig. 2. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting over time – complete control. a.
Acute Phase, b. Delayed Phase, c. Overall Phase.

Fig. 3. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – complete response. a. Acute Phase, b. Delayed Phase, c.
Overall Phase.
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bias via visual inspection and cumulative meta-analyses to assess odds
ratio and risk difference over time were generated by Comprehensive
Meta-Analysis. In all cases, a random-effects analysis model was used to
generate odds ratio (OR), risk difference (RD) and accompanying 95%
confidence intervals (CI). As with the prior meta-analyses, studies with
more than 2 study arms had numerous ORs computed to compare pa-
lonosetron with other 5-HT3RAs. RDs were compared to the 10%
threshold as set by MASCC/ESMO for consideration of whether statis-
tical significance translates to clinical significance and requires con-
sideration of adjusting guidelines (Roila et al., 2016).

3. Results

3.1. Updated meta-analysis

Since the publication of the last review that included 24 studies
(Chow et al., 2018a; Eisenberg et al., 2003; Gralla et al., 2003; Aapro
et al., 2006; Chen et al., 2007; Li et al., 2009; Yu et al., 2009; Ghosh and
Dey, 2010; Kaushal et al., 2010; Dong et al., 2011; Tian et al., 2011;
Huang et al., 2013; Kilickap et al., 2013; Wenzell et al., 2013;
Raftopoulos et al., 2014; Fujiwara et al., 2015; Kaushal et al., 2015;
Kimura et al., 2015; Matsumoto et al., 2015; Ohzawa et al., 2015;
Ptushkin et al., 2016; Seol et al., 2016; Suzuki et al., 2016; Tsuneizumi
et al., 2016), 1 paper by Liu et al. has been published (Liu et al., 2018)
[Appendix 1]. In the study, 50 patients were randomized to palonose-
tron and 50 patients randomized to tropisetron, resulting in a cumu-
lative total reported in the literature of 4145 patients randomized to
palonosetron and 4911 receiving other 5-HT3RAs for the prophylaxis of
CINV. Liu et al. reported on complete response in both the acute and
delayed phase, and nausea in the overall phase. The updated OR ana-
lyses (analyses of statistical significance) are displayed in Appendices
2–4; updated RD analyses (analyses of clinical significance) did not lead
to a change in the number of clinically significant endpoints compared
to the prior review.

3.2. Complete response and complete control

Analysis of CR and CC reveal that, over time, palonosetron has been
reported as having a decreasing degree of statistically superior efficacy

when compared to other 5-HT3RAs [Figs. 1 and 2]. Lack of clinically
significant difference, as assessed by cumulative risk difference and
using the 10% threshold established by MASCC/ESMO, has been the
meta-conclusion for CR and CC in the acute phase since the first clinical
trials. With the publication of the latest trials from the year 2015 and
onwards, palonosetron is now not believed to be clinically significantly
superior to other agents in CR and CC, in the delayed and overall phase,
even if the recent meta-analysis reported that palonosetron seems to be
more efficacious and safe than other 5-HT3RAs – statistically superior in
10 of 19 endpoints [Figs. 3 and 4].

There is no obvious asymmetry in the funnel plot for CR and CC in
all three phases, suggesting that no publication bias exists. [Figs. 5 and
6].

3.3. No emesis and No nausea

A statistically significant greater efficacy of palonosetron compared
with other 5-HT3RAs for emesis in all three phases has been docu-
mented since the first trial. Palonosetron’s statistically superior efficacy
to counter nausea in the acute phase has been the meta-conclusion since
the second clinical trial published in 2009. With respect to the delayed
and overall phases, the latest clinical trials from 2015 have shifted the
meta-conclusion from favouring palonosetron to regarding palonose-
tron as having no significant difference in efficacy relative to other 5-
HT3RAs [Appendices 5–6].

Clinical superiority of palonosetron in preventing emesis in the
delayed and overall phases, and nausea in all phases, has consistently
been unclear, with cumulative 95% CIs of RD overlapping the 10%. The
meta-conclusion since 2009 has been that palonosetron is not sig-
nificantly clinically superior to other 5-HT3RAs in treating emesis in the
acute phase when one uses the 10% absolute difference criterion
[Appendices 7–8]. No clear publication biases exist for this endpoint
[Appendices 9–10].

3.4. No use of rescue medication

In the overall phase, studies by Kimura et al. and Raftopoulos et al.
in 2015 have changed the meta-conclusion, suggesting palonosetron as
having similar non-significant difference in statistical and clinical

Fig. 4. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – complete control. a. Acute Phase, b. Delayed Phase, c.
Overall Phase.
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efficacy to other 5-HT3RAs [Appendix 11.3; Appendix 12.3].
Raftopoulos et al.’s study in 2015 also changed the meta-conclusion for
the acute and delayed phases; these phases also have only 2–3 studies in
total [Appendices 11.1–11.2; Appendices 12.1–12.2]. As with all other
efficacy endpoints, no obvious publication biases existed [Appendix
13].

3.5. Safety endpoints

In general, meta-conclusions with regards to safety have remained
the same over time – palonosetron is as safe as other 5-HT3RAs, and in
fact, statistically safer than others with respect to dizziness [Appendix
15]. Safety endpoints of constipation, dizziness and headache do not
have any evidence of publication biases; the endpoint of diarrhea has
more published literature documenting the superior statistical efficacy
of palonosetron over previous 5-HT3RAs [Appendix 16].

4. Discussion

This updated meta-analysis, with over 9050 randomized patients
and hence the highest statistical power to-date, can help make an in-
formed decision about whether further trials are needed to compare
palonosetron to previous 5-HT3RAs in the setting of acute and delayed
CINV based on single-day emetogenic chemotherapy.

The publication of clinical trials over the last several years has
changed the meta-conclusion in some efficacy endpoints such as CR and
CC in both the delayed and overall phases (palonosetron, as of 2015, is
statistically superior but no longer considered clinically superior), and
preventing nausea in the delayed and overall phases (as of 2015, is no
longer statistically superior). Change in the meta-conclusion was also
noted for the endpoints of rescue medication, but only a few studies
have reported on this endpoint and as such it is more likely for con-
clusions to change with introduction of new trials. In the majority of
efficacy endpoints, the meta-conclusion has not changed over time,

Fig. 5. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for the endpoint of complete response. a.
Acute Phase, b. Delayed Phase, c. Overall Phase.
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with the most recent clinical trials simply narrowing the confidence
interval and increasing the precision of the meta-conclusion. Also,
when looking at some of the seemingly most straight-forward end-
points, such as no emesis and no nausea, and more complicated end-
points, such as CR and CC where additional criteria are required for
patients to be defined as a successfully prophylaxis, more complex re-
search methodology has not altered the course of meta-conclusions.
Given the vast amount of resources required to conduct a clinical trial,
and also that the most recent clinical trials affirm the same findings of
previously published articles, one may question why substantial
amounts of resources should still be committed to investigating the
efficacy of an already-extensively studied prophylactic agent.

Although fewer studies report on the safety of palonosetron, safety
endpoints were still highly powered, with anywhere from 1700 to over
4200 patients randomized per intervention arm. The meta-conclusion
has remained consistent over time – palonosetron has a similar safety

profile to other 5-HT3RAs – with most recent studies, again, simply
increasing the precision of the conclusion. As such, further studies are
not likely to yield a substantially different meta-conclusion.

The lack of publication biases, as noted from visual inspection of
funnel plots, suggests that the existing literature provides an accurate
and representative assessment of palonosetron. This, coupled with the
aforementioned results that palonosetron’s meta-conclusion is rela-
tively consistent over time, further emphasizes the comprehensive
nature of the existing literature. Further trials with greater degree of
rigor are not necessary, as the results of the existing palonosetron trials
seem to lack publication biases.

This review shares limitations with prior meta-analyses on this topic
(Chow et al., 2018b; Popovic et al., 2014) – individual patient-level
data was not extracted; differential outcomes between arms for the
acute phase may have a carry-over phase on delayed phase results [37].
No statistical analyses were performed to accompany funnel plots, such

Fig. 6. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for the endpoint of complete control. a.
Acute Phase, b. Delayed Phase, c. Overall Phase.
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as Egger’s test or Begg’s test, and thus no quantitative assessment to
assess publication biases was considered; however, visual inspection of
funnel plots does not reveal any obvious asymmetry and hence these
additional tests are unlikely to yield any different conclusions. Assess-
ment of publication biases using funnel plots should also be interpreted
with caution for endpoints that have only several studies reporting on it
(i.e. the endpoint of no use of rescue medication).

In conclusion, palonosetron has been extensively studied for pre-
vention of single-day emetogenic chemotherapy, with 25 published

RCTs to date and over 9050 patients randomized to palonosetron or
another 5-HT3RAs. Analyses to assess the effect of the most recent RCTs
reveal that these studies are confirming preexisting estimates and only
refining the point estimate of palonosetron’s efficacy. Considering this
trend and the vast amount of resources needed to conduct a RCT, CINV
trial resources should be dedicated elsewhere to other prophylactic
treatments that have not been as well explored. Today’s use of daily
anticancer drugs and the use of chemotherapy given over several days
are areas where studies are needed (Navari and Aapro, 2016).

Appendix 1. PRISMA Flow Diagram

Appendix 2. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting –
complete response in the acute phase
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Appendix 3. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting –
complete response in the delayed phase

Appendix 4. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting –
no nausea in the overall phase

Appendix 5. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting
over time – no emesis. 5.1 Acute Phase 5.2 Delayed Phase 5.3 Overall Phase

Appendix 5.1
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Appendix 5.2

Appendix 5.3

Appendix 6. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting
over time – no nausea. 6.1 Acute Phase 6.2 Delayed Phase 6.3 Overall Phase

Appendix 6.1

Appendix 6.2
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Appendix 6.3

Appendix 7. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – no emesis. 7.1 Acute
Phase 7.2 Delayed Phase 7.3 Overall Phase

Appendix 7.1

Appendix 7.2

Appendix 7.3
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Appendix 8. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – no nausea. 8.1 Acute
Phase 8.2 Delayed Phase 8.3 Overall Phase

Appendix 8.1

Appendix 8.2

Appendix 8.3
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Appendix 9. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for the
endpoint of no emesis. 9.1 Acute Phase 9.2 Delayed Phase 9.3 Overall Phase

Appendix 9.1

Appendix 9.2
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Appendix 9.3

Appendix 10. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for the
endpoint of no nausea. 10.1 Acute Phase 10.2 Delayed Phase 10.3 Overall Phase

Appendix 10.1
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Appendix 10.2

Appendix 10.3
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Appendix 11. Efficacy of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting
over time – no rescue medication. 11.1 Acute Phase 11.2 Delayed Phase 11.3 Overall Phase

Appendix 11.1

Appendix 11.2

Appendix 11.3

Appendix 12. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – no rescue medication.
12.1 Acute Phase 12.2 Delayed Phase 12.3 Overall Phase

Appendix 12.1
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Appendix 12.2

Appendix 12.3

Appendix 13. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for the
endpoint of no rescue medication. 13.1 Acute Phase 13.2 Delayed Phase 13.3 Overall Phase

Appendix 13.1
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Appendix 13.2

Appendix 13.3
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Appendix 14. Safety of palonosetron compared with other 5-HT3RAs in the prophylaxis of chemotherapy-induced nausea and vomiting
over time – treatment-related adverse events. 14.1 Constipation 14.2 Diarrhea 14.3 Dizziness 14.4 Headache

Appendix 14.1

Appendix 14.2

Appendix 14.3
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Appendix 14.4

Appendix 15. Absolute risk difference between palonosetron versus other 5-HT3RAs intervention arms over time – safety endpoints. 15.1
Constipation 15.2 Diarrhea 15.3 Dizziness 15.4 Headache

Appendix 15.1

Appendix 15.2

Appendix 15.3
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Appendix 15.4

Appendix 16. Assessment of publication bias with respect to studies reporting about palonosetron compared to other 5-HT3RAs for safety
endpoints. 16.1 Constipation 16.2 Diarrhea 16.3 Dizziness 16.4 Headache

Appendix 16.1
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Appendix 16.2
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Appendix 16.3

Appendix 16.4
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