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Abstract

Objective: This review provides an update review of the efficacy and safety of 5-
hydroxytryptamine-3 receptor antagonists in the prevention of chemotherapy-induced
nausea and vomiting (CINV) in cancer patients.

Methods: The information was collected from electronic scientific search engines from
PubMed, Science Direct, Scopus, and Google Scholar. The publication dates covered were
from 2010 to 2020. The primary endpoint was the percentage of patients who achieved a
complete response (CR), complete control (CC), no nausea, no emesis, or no rescue
medication.The secondary endpoint was the percentage of patients who experience
constipation related to 5-HT RA constipation, headache, diarrhea, or dizziness, as well as
changes in heart rhythm.

Results: Fourteen articles were identified. Palonosetron has the same effectiveness as
granisetron as but more effective than ondansetron in the delayed phase and overall
Adverse effects that often occur due to the use of palonosetron, granisetron, and
ondansetron are constipation and headache. Some of the articles also mentioned that
palonosetron does not cause changes in heart rhythm but granisetron and ondansetron do
cause changes in the electrocardiogram (ECG) at certain doses.

Conclusion: Palonosetron has the same effectiveness as granisetron, and more effective
than ondansetron in delayed, and overall phases. The use of palonosetron, granisetron, and
ondansetron cause constipation and headaches at all doses, palonosetron does not cause
ECG abnormalities whereas granisetron and ondansetron cause ECG changes.

Keywords: palonosetron, ondansetron, granisetron, 5-HT3 RAs, cancer, nausea, vomiting,
CINV.

INTRODUCTION

High emetogenic chemotherapy (HEC) and moderate
emetogenic chemotherapy (MEC) chemotherapy regimens

Chemotherapy-induced nausea and vomiting (CINV) refers to
the adverse effects of vomiting associated with the use of
drugs used to treat cancer. Acute CINV is nausea and
vomiting starting within a few minutes to a few hours after
receiving chemotherapy, delayed phase CINV is nausea and
vomiting starts or returns 24 hours or more after receiving
chemotherapy. CINV is most likely the result of
chemotherapy that works in two places: directly in the
gastrointestinal tract and in vomiting brain cancer. In both
areas, nausea and vomiting are mediated by the action of
certain neurotransmitters, with dopamine, neurokinin-1, and
serotonin being the most important.1.

Research conducted by Chatterjee et al, 2014 looked at side
effects in lung cancer (44%), and head and neck (12%), as
many as 50 patients used platinum class drugs. Research
data stated that the occurrence of alopecia (96%), nausea
(90%), anemia (90%), vomiting (82%), paresthesia (54%),
stomatitis (38%), diarrhea (38%) and autotoxicity (26%) 2.
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have a negative impact and affect the quality of life of
patients, both moderate and even after chemotherapy,
namely in the delayed phase, nausea has a stronger negative
impact on the quality of life than vomiting 3.

Guidelines that can be used to control the occurrence of CINV
are the national comprehensive cancer network (NCCN), the
American society of clinical oncology (ASCO), and the
multinational association of supportive care in cancer
(MASCC). The therapy used to treat CINV is the use of
antiemetic drugs from the 5-HT3 receptor antagonists,
dexamethasone, NK1 receptor antagonists, and olanzapine
groups 4. Emetic risk (if no prophylactic medication is
administered) are high emetogenic chemotherapies (HEC),
moderate  emetogenic  chemotherapies (MEC), low
emetogenic chemotherapies (LEC) 5. Preventing CINV is
better than treating CINV 6.
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The efficacy and safety of the drug were evaluated by
preclinical animal toxicology, pathology, and safety
pharmacology studies followed by staged clinical trials in
humans (i.e. phases |, I1, 1], and post-marketing surveillance)
7. The efficacy and safety of the drug are very important to be
evaluated after the drug is marketed to achieve the expected
efficacy with tolerable side effects. 5-Hydroxytryptamine-3
Receptor Antagonists are antiemetic drugs that are often
used and are always recommended for HEC and MEC
patients in both acute and delayed phases. This review
describes how the efficacy and safety of the 5-
hydroxytryptamine-3 receptor antagonists class of drugs
after use in patients, especially patients receiving
chemotherapy to prevent nausea and vomiting so that
patients are comfortable in chemotherapy and improve
patient quality of life during and after chemotherapy.

METHOD

All relevant literature databases were searched from 2010 to
2020. We searched the following electronic databases:
PubMed, Science Direct, Scopus, and Google Scholar. The
keywords were “efficacy”, safety”,“adverse drug effect”,

”on

“adverse drug reaction”, "adverse drug event”. "Toxicity”, “5-
Hydroxytryptamine-3 receptor antagonists”, “palonosetron”,
“ondansetron”,  “granisetron”, “dolasetron”,  “cancer”,
“chemotherapy” he inclusion criteria included in this review
were articles reporting drug efficacy or safety 5-
Hydroxytryptamine-3 receptor antagonists. Animal studies

and case reports are excluded.

The indicator to assess the efficacy of this study ware the
percentage of patients achieving either a Complete Response
(CR) and complete control (CC). CR was defined as no
vomiting episode without the use of rescue medication for
the entire study period, and CC was defined as no vomiting
episode, no need for rescue medication, and no more than
mild nausea. Meanwhile, indicators to assess safety included
the percentage of patients suffering from RA 5-HT-related
headache, constipation, diarrhea, or dizziness, as well as
changes in heart rhythm.

RESULT AND DISCUSSION

14 eligible articles were identified. 3 articles reported the
efficacy, 5 articles reported the safety, and 6 articles reported
the efficacy and safety of the antiemetic 5HT3RAs alone.

EFFICACY
Palonosetron

A study by Saito et al. reported the use of 0.75 mg of
intravenous palonosetron on non-Hodgkin's lymphoma
patients and showed that in the 1st cycle, the CR was 92.5%
in the acute phase, 85% in the delayed phase, 85% in the
overall phase, while the CC was 82.5% in the acute phase,
70% in the acute and delayed phase, and 62.5% in the total
phase. For the 2nd cycle, the CR was 95% in the acute phase,
95% in the delayed phase, 92.5% in the overall phase while
CC was 85% in the acute phase, 85% in the delayed phase,
and 80% in the overall phase 8.

Another study used 0.25, 0.50, and 0.75 mg of palonosetron
or 0.25 mg of palonosetron intravenously on breast, colon,
lung cancer patients. The results showed that 0.25 mg oral
palonosetron achieved CR of 70.1% in acute phase, 61.0% in
delayed phase, and 54.5% in the overall phase. The CR of
0.50 mg of palonosetron given orally showed 66.7% in the
acute phase, 61.7% in the delayed phase, and 54.3% in the
overall phase. The CR of 0.75 mg of palonosetron given orally
was 62.8% in the acute phase, 56.4% in the delayed phase,
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and 47.4% in the overall phase. The CR of palonosetron 0.25
mg i.v. was 57.5% in the acute phase, 62.5% in the delayed
phase, and 52.5% in the overall phase °.

Palonosetron 0.75 mg iv. showed that CR was not
significantly different between cycle one and cycle two in the
acute phase, this result proved that palonosetron had the
same effectiveness both in cycle one and cycle two during the
acute phase. The percentage of CC (p = 0.054) tended to
increase, and CR (p = 0.019) increased significantly, the
percentage was increased by 15% in the delayed phase of
cycle one. This result indicated that palonosetron is more
effective when used in the delayed phase. In the overall
phase, the palonosetron reached CR (p = 0.002), and CC (p =
0.002) increased significantly after cycle two. Based on the
CR and CC results achieved, palonosetron is very effective in
controlling CINV in the delayed phase after cycle two.
Palonosetron is more effective in cycle 2 than cycle 1 because
Saito et al.'s study was conducted on malignant lymphoma
cancer patients. This cancer responded better than other
solid cancers and tumor volume decreased significantly after
the first cycle of CHOP 8.

Boccia et al. compared three doses of oral palonosetron and
one dose of intravenous palonosetron. The oral route of 0.25,
0.50, and 0.75 mg palonosetron was as effective as the
intravenous route of palonosetron 0.25 mg. This study also
compared the effectiveness of three doses of oral
palonosetron, i.e., 0.25, 0.50, and 0.75 mg, and showed good
efficacy in controlling CINV. Of the three doses of
palonosetron, the oral 0.50 mg was numerically more
effective than other doses. Oral palonosetron 0.50 mg is the
preferred therapy option °.

Ondansetron

A study on glioma patients treated CINV with ondansetron 8
mg for 1-5 days. The results showed that the primary results
obtained a CC of 54.5%, while the secondary results obtained
CR of 87.9% in acute phase and 57.6% in the delayed phase.
Ondansetron 8 mg alone given for 5 days after chemotherapy
was not optimal for treating nausea and vomiting in glioma
cancer patients, especially in the delayed phase. Ondansetron
alone could not control CINV well in glioma cancer because
glioma cancer has several episodes of vomiting. Thus, it was
a little difficult to control using only a single antiemetic 10.

Palonosetron versus Granisetron

Tian et al. reported Palonosetron or granisetron use in lung,
breast, colorectal, and gastric cancer patients. The study
showed that a complete response of 71.09% occurred in the
acute phase, 60.16% in the delayed phase, and 53.13% in the
overall phase for palonosetron, while the granisetron was
65.22% in the acute phase, 55.80% in the delayed phase, and
50.00% in the overall phase 1.

Another study on acute myeloid leukemia cancer used
cytarabine (100-200 mg/m?), a regimen of anthracycline
(idarubicin 12 mg/m?, daunorubicin 50 mg/m?, aclarubicin
20 mg/m? and 7 mg/m?) with antiemetic granisetron 3 mg
or palonosetron 0.75 mg. The results showed that in the
acute phase, The CC of palonosetron was 70% and 83% in
the delayed phase. Meanwhile, granisetron showed CC of
39% in the acute phase, and 57% in the delayed phase 12.

A study on Hodgkin's lymphoma patients investigated
Adriamycin (25 mg/m?), bleomycin (10 mg/m? to 15 mg/kg
BW), vinblastine (6 mg/m? to 10 mg/kg BW), and
dacarbazine. Antiemetics used were granisetron (3 mg/kg
BW) or palonosetron (0.75 mg/kg BW). This study found
33.3% of CC in the acute phase of palonosetron and 44.4% in
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the delayed phase. The CC in the acute phase, delayed phase,
and overall phase of granisetron was 16.7%, 38.1%, and
33.3%, respectively 13.

A study conducted on a Chinese patient population showed
higher CR palonosetron results than granisetron in the acute
(P = 0.28), delayed (P = 0.46), and overall (P = 0.61) phase,
but this difference was not statistically significant. The same
CR results also stated that palonosetron and granisetron
have the same efficacy in controlling CINV MEC and HEC in
the acute, delayed, and overall phase in patients with lung
cancer, breast cancer, colorectal cancer, and gastric cancer 11.

Similarly, another study was carried out on the Japanese
population. This study showed a significant difference
between CC of palonosetron and granisetron in the acute
phase (P = 0.0458), while for the delayed phase (P = 0.0653),
there was no significant difference between palonosetron
and granisetron even though the number of patients
achieving CR was higher in palonosetron. Based on CC,
palonosetron is more efficacious in the acute phase and has
the same efficacy as granisetron in the delayed phase in
preventing CINV Japanese hematological cancer 12.

Other studies have been conducted on different cancers.
Research data showed that CC was not significantly different
between palonosetron and granisetron in the acute, delayed,
and overall phases. Palonosetron and granisetron alone
showed similar efficacy and can be used to control the
occurrence of CINV caused by chemotherapy regimens, such
as adriamycin, bleomycin, vinblastine, and dacarbazine in
Hodgkin's lymphoma cancer 13.

Palonosetron versus Ondansetron

Parathoduvil et al. reported that intravenous palonosetron
0.25 mg or intravenous ondansetron 8 mg on cancer patients
showed that the CR of palonosetron in the acute phase was
89.6%, in the delayed phase was 86.8%, and in the overall
phase was 82.1%. Meanwhile, ondansetron showed 80.2% in
the acute phase, 70.8% in the delayed phase, and 65.1% in
the overall phase. Palonosetron statistical data were
significant compared to ondansetron in the delayed phase
(p-value = 0.006) and the overall phase (p-value = 0.008).
These results indicated that a single intravenous
palonosetron 0.25 mg in the Indian population is clinically
more effective than a single intravenous ondansetron 8 mg in
the delayed and overall phase 1.

Additionally, a randomized study in acute myelogenous
leukemia patients with a regimen containing cytarabine
(cytarabine plus idarubicin [12 g/m? for 3 days excluded]
and cytarabine plus fludarabine [30 g/m? for 5 days]), using
the antiemetics of Ondansetron 8 mg, palonosetron 0.25 mg
iv. day 1-5, palonosetron 0.25 mg iv. day 1,3,5 was
conducted. The study showed that the complete response
achieved in palonosetron 1-5 was 31%, palonosetron 1,3,5
was 35%, and ondansetron 21% 15,

Palonosetron alone showed higher CR but not significantly
different compared to ondansetron. There were > 77% of
patients who did not experience nausea on day 1, with a
decreased percentage on day 2 to 5, and a significant
increase on day 6 and 7 after receiving palonosetron.
Patients did not vomit more after day 1. Palonosetron and
ondansetron were effective in controlling CINV on day 1 and
less effective on days 2-5. Administration of palonosetron on
day 4 or 5 can significantly reduce vomiting on day 6 and 7.
Palonosetron was less effective on days 2-5 because of the
overlapping emetogenic effects of 2 chemotherapy agents on
those days 15.
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First-Generation versus Second-Generation 5-HT3 RAs

A study on breast cancer and lung cancer using carboplatin
or cisplatin-based chemotherapy, cyclophosphamide, and
other antiemetics of palonosetron or RA 5-HT3 was
conducted. The results showed that the CR of palonosetron
reached 46.1% while other RA 5-HT3 reached 41.3% in
breast cancer. The CR of palonosetron was 72.9% while
other RA 5-HT3 was 63.4% in carboplatin-treated lung
cancer. The CR of palonosetron was 51.0% while another 5-
HT3 RA was 45.6% in lung cancers treated with cisplatin 16.

The clinical efficacy of palonosetron was associated with
hospital and emergency department visits in real-world
practice, where palonosetron alone is significant compared
to other 5-HT3RAs (p < 0.0001) in breast cancer patients. The
statistical results of palonosetron were also significant (p <
0.0001) in lung cancer patients on the carboplatin
chemotherapy regimen. These data proved that a
palonosetron alone was more effective than other 5-HT3RAs
in controlling nausea and vomiting in lung and breast cancer
patients using the chemotherapy drug carboplatin. Different
results were shown by palonosetron in controlling nausea
and vomiting in lung cancer patients using cisplatin, where
palonosetron alone was not significant (p = 0.1170) but more
patients were free from nausea and vomiting on
palonosetron than other 5-HT3 RAs 16,

Nine articles discussed that the use of palonosetron,
granisetron, and ondansetron alone have good efficacy in
controlling CINV in the acute phase, the delayed phase, and
overall phase because these 5-HT3RA class drugs have a
strong binding power to 5-HT3 receptors. Palonosetron has a
longer half-life than granisetron and ondansetron so that it
can better control CINV in the delayed phase 17.

SAFETY

Class 5-HT3RA drugs have peripheral receptors in the
intestines and centers, namely the chemoreceptor trigger
zone (CTZ) 18, Constipation, headaches, and changes in heart
rhythm were side effects reported as a result of using 5-HT3
RA in the NCCN guidelines 1. Eleven studies reported several
adverse effects.

1. Constipation and headaches
Palonosetron

Mattuizzi et al. conducted a study using a randomized
method which stated that the severity of constipation and
headaches experienced by patients using palonosetron
occurred at levels 1-3 according to the NCI, but there was 1
patient who used palonosetron on days 1-5 and experienced
a level 3 headache 5. In Japanese patients diagnosed with
Hodgkin's lymphoma cancer who were given palonosetron

0.75 mg, it was found that 27.8% of patients had constipation
13,

A previous study by Tian et al. showed that Chinese patients
diagnosed with lung cancer, breast cancer, rectal colon
cancer, and gastric cancer showed adverse effects from
palonosetron 0.25 mg i.v. bolus, namely constipation 8,59 %,
and headache 6.25% 11. In a study with the same dose of
palonosetron but different methods of administration in all
types of cancer, intravenous use of palonosetron 0.25 mg
caused 4.7% constipation and 9.4% headache in South
Indian patients 14.

Boccia et al. reported that the most common side effects
were constipation and headache. Constipation was reported
by 3.1% of patients on 0.25 mg of i.v. palonosetron, 0.6% on
0.25 mg of oral palonosetron and 0.50 mg, and 3.2% of
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patients on 0.75 mg of oral palonosetron. Headaches were
reported after receiving palonosetron 0.25 mg with 3.8%,
0.50 mg with 3.7%, 0.75 mg with 3.8% and slightly increased
on palonosetron 0.25 mg iv with 8.6% 9.

Granisetron

The use of granisetron 3 mg in Japan caused constipation
side effects in 9.5% of patients, whereas headache was
reported in 11.1% 13. A different study conducted in a
Chinese population using granisetron 3mg i.v. bolus. This
study showed that constipation side effects occurred in
8.70% of patients, while headache occurred in 5.80% of
patients 11,

Ondansetron

The common side effects of ondansetron 8 mg reported
were grade 1-3 constipation and headache based on the NCI
15, A study by Petel et al. showed that patients with glioma
cancer have experienced an incidence of 11% constipation
and 6% headache when using ondansetron 8 mg for 5 days
10, Additionally, intravenous use of ondansetron 8 mg
showed constipation in 8.5% of patients and headache in
17% 14,

First-generation versus the second-generation 5-HT3
RAs

The constipation side effect was more due to the use of
palonosetron 0.25 mg i.v. compared to granisetron 3 mg i.v.
bolus 11. Different doses also showed the same result,
whereas palonosetron 0.75 mg caused more frequent
constipation than granisetron 3 mg 13. Constipation
experienced by patients using ondansetron 8 mg iv. was
higher than in patients using palonosetron 0.25 mgi.v. 14,

2. Cardiac Adverse Effect
Palonosetron

Gonullu et al. demonstrated that palonosetron did not cause
severe rhythm disturbances or symptomatic ECG changes.
Palonosetron is safe to administer as an antiemetic for
cancer patients 20,

In other studies, the average heart rate did not differ among
the 76 patients who were enrolled before and after
administration of palonosetron (p = 0.6). Systolic and
diastolic blood pressures were not significantly different
before and after palonosetron (p values 0.9 and 0.3,
respectively). Although the median QT min value was higher
after palonosetron administration than before palonosetron
administration, the difference was not statistically significant
(p = 0.6). Palonosetron did not show to have an acute
arrhythmogenic potential 21.

A study used a randomized palonosetron 0.25 mg i.v. on day
1-5, palonosetron 0.25 mg iv on day 1, 3, 5 and found no
abnormalities in the heart 15. Additionally, another study
reported that although abnormal ECG records were observed
in 7.81% (10/128) of palonosetron treatments, only one
abnormal ECG finding was assessed as possibly related to the
drug studied (palonosetron). In conclusion, the study
demonstrated that a single i.v. dose of palonosetron 0.25 mg
was safe and effective to prevent CINV 11,

Granisetron

A total of 16 patients were treated with carboplatin weekly
consecutively. There was bradycardia in patients who obtain
granisetron 40 pg/kg and the PR interval was shortened in
patients who received granisetron at a dose of 10 ug/kg (p =
0.021). QTc interval and dispersion were found to be similar
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between both doses of granisetron 22. Different results in
adult patients with the new granisetron formulation, namely
APF530 1-gram SC did not cause significant changes in QTcF.
The maximum observed QTcF change was 4.15 ms (90% CI,
0.94 to 7.36) at 3 hours. There were no clinically significant
changes on other electrocardiograms 23.

Ondansetron

A study in cancer patients receiving the antiemetic
ondansetron IV suggests that IV doses of ondansetron 8 mg
(direct observations) and 16 mg (simulation) delivered over
15 minutes were not expected to produce clinically
important QTc prolongations, while 24 mg (simulation) and
32 mg (direct observations) IV doses may induce clinically
important QT prolongations and may represent an increased
risk that exceeds benefit 24 In another study on glioma
cancer patients, ondansetron 8 mg did not cause an increase
in ST and only one mild cardiac toxicity (atrial fibrillation) 10.
Additionally, patients using the antiemetic ondansetron 8 mg
found no abnormalities in the heart 15,

3. Other Adverse Effects

Tian et al, reported other adverse effects from intravenous
0.25 mg palonosetron, 12.5% of which was leukopenia,
10.16% fatigue, 7.81% alanine aminotransferase or
aspartate aminotransferase, 7.03% dizziness, 4.69% anemia,
and 0.78% thrombocytopenia 1. A study reported that
palonosetron 0.75 mg resulted in 100% anorexia, 72.2%
malaise, 66.7% leucopenia, 66.7% neutropenia, 33.3% fever,
16.7% oral mucositis, 0% febrile neutropenia, 0%
neuropathy, and 0% diarrhea 13.

Other adverse effects were also found when using
granisetron 3 mg iv. bolus included 15.94% leukopenia,
9.42% fatigue, 6.52% alanine aminotransferase or aspartate
aminotransferase, 10.87% dizziness, 6.52% anemia, and
6.52% thrombocytopenia 11. Different results were reported
by patients who used granisetron 3 mg i.v. causing 71.4%
anorexia, 38.1% malaise, 19.1% leucopenia, 14.3%
neutropenia, 14.3% fever, 14.3% oral mucositis, 14.3%
febrile neutropenia, 9.5% neuropathy, and 9.5% diarrhea 13.

Other adverse effects were also reported by patients who
used ondansetron 8 mg, in addition to constipation,
headache, and other adverse effects reported in the study
were categorized as mild/moderate, other common adverse
effects showed in the study were 11% anorexia and 20%
fatigue 10. Uchida et al. and Petel et al. reported that anorexia
was the other adverse effect, which was the highest. Different
results by Tian et al. reported that the side effect of
leukopenia was the highest reported by patients.

The adverse effects of anorexia and leukopenia were side
effects caused by the chemotherapy regimen, not by the
antiemetics used by the patient. Drach et al. stated that
rituximab, cyclophosphamide, doxorubicin, and prednisone
plus bortezomib (VR-CAP) or vincristine (RCHOP) caused
neutropenia (92 vs 76%), thrombocytopenia (70 vs 10%),
leukopenia (65 vs. 50 %), anemia (46 vs. 40%), pyrexia (41
vs. 14%), lymphopenia (32 vs. 14%) and peripheral sensory
neuropathy (each 24%) 25.

The association between 5-HT3 antagonists' receptors with
their receptors affected the central nervous system,
peripheral nervous system, and immune response 26. Also,
differences in pharmacological and pharmacokinetic
properties in the use of antiemetics cause different
percentages of adverse drug reactions. The percentage of
patients who experienced adverse drug reactions occurs due
to the different levels of binding power between the two
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antiemetics with the receptors and the elimination half-life
27

CONCLUSION

We conclude that palonosetron is effective in controlling the
occurrence of CINV in the acute, delayed, and overall phases.
Palonosetron is almost as effective as granisetron and is
more effective than ondansetron in the delayed and overall
phases. The most commonly reported adverse effects are
constipation and headaches. Constipation and headache
were more often experienced in patients taking palonosetron
but palonosetron was safer in terms of cardiac-related
adverse effects than granisetron and ondansetron.
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