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ABSTRACT

This single-blinded, non-inferiority trial was conducted over an 8-month period to examine the efficacy of intravenous 
granisetron at two differing doses in preventing acute and delayed chemotherapy-induced nausea and vomiting (CINV) 
among paediatric patients receiving moderate to highly emetogenic chemotherapy. Seventeen patients (9 males and 8 
females) were recruited and randomly assigned to receive alternating granisetron dosages of 0.01 mg/kg and 0.04 mg/
kg during each chemotherapy cycle. The severity of CINV during and three days post-completion of chemotherapy, as 
well as common side effects of granisetron were recorded. A total of 78 cycles of chemotherapy (38 cycles of 0.01 mg/kg 
and 40 cycles of 0.04 mg/kg) were evaluated. The median age of the study population was 5.2 years (interquartile range 
25th, 3.8; 75th, 8.7). Patients’ diagnoses comprised of haematological malignancy, bone tumour and cerebral neoplasm. 
From this study, we demonstrated that intravenous (IV) granisetron 0.01 mg/kg was non-inferior to 0.04 mg/kg in terms 
of achieving a complete response for acute CINV. However, a similar observation was not seen in the post-treatment 
period analysis (delayed CINV). In conclusion, IV granisetron at 0.04 mg/kg/dose provides effective protection and 
prophylaxis of both acute and delayed CINV. Further study with a larger sample size may be required before a definite 
conclusion can be made with regards to efficacy of 0.01 mg/kg dose.
Keywords: Chemotherapy; granisetron; nausea and vomiting; non-inferiority; paediatric

ABSTRAK

Kajian kesamarataan, rabun satu pihak ini dijalankan selama tempoh 8 bulan untuk melihat keberkesanan ubat 
granisetron intravena pada 2 dos yang berbeza dalam mencegah loya dan muntah di kalangan pesakit pediatrik yang 
menerima kemoterapi tahap emetogenik sederhana hingga tinggi. Tujuh belas pesakit (9 lelaki dan 8 perempuan) telah 
direkrut dan dibahagikan secara rawak untuk menerima dos granisetron 0.01 mg/kg dan 0.04 mg/kg secara berselang 
setiap kitaran kemoterapi. Tahap keterukan loya dan muntah semasa (akut) dan 3 hari selepas (tertangguh) kemoterapi, 
serta kesan sampingan granisetron dicatatkan. Sebanyak 78 kitaran kemoterapi (38 kitaran dengan dos 0.01 mg/
kg dan 40 kitaran dengan dos 0.04 mg/kg) telah dikaji. Umur median pesakit kajian adalah 5.2 tahun (kuartil ke-25, 
3.8; ke-75, 8.7). Diagnosa pesakit merangkumi kanser darah, tulang dan otak. Daripada kajian ini, kami menunjukkan 
bahawa granisetron intravena dos 0.01 mg/kg tidak kurang keberkesanannya apabila dibandingkan dengan dos 0.04 
mg/kg untuk mencapai respons sepenuhnya bagi mencegah loya dan muntah akut. Namun, pemerhatian yang sama tidak 
dilihat untuk loya dan muntah tertangguh selepas kemoterapi. Kesimpulannya, dos granisetron intravena 0.04 mg/kg 
memberikan perlindungan dan pencegahan yang berkesan untuk loya dan muntah akut serta tertangguh. Kajian lanjut 
dengan saiz sampel yang lebih besar diperlukan sebelum kesimpulan yang pasti boleh dibuat mengenai keberkesanan 
dos 0.01 mg/kg.
Kata kunci: Kemoterapi; granisetron; kesamarataan; loya dan muntah; pediatrik
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INTRODUCTION

Nausea and vomiting are common side effects of cytotoxic 
therapy, which are subjected to widely varying patient and 
treatment specific factors (Hesketh 2008). Chemotherapy-
induced nausea and vomiting (CINV) is now largely 
preventable with the advent of newer and more effective 
anti-emetic agents (Dupuis & Nathan 2010; Flank et 
al. 2016). CINV may be acute, delayed, or anticipatory 
(Bender et al. 2002). Acute CINV begins within min of 
chemotherapy administration and resolves within 24 h 
while delayed CINV can persist for several days (Bender 
et al. 2002). Anticipatory emesis, on the other hand, 
occurs before chemotherapy is given, once an association 
has been established between the environment and CINV 
(Morrow et al. 1998; Roscoe et al. 2011). Chemotherapy 
emetogenicity is the strongest known predictor of CINV 
in children, hence the chemotherapy emetogenicity 
classification system was developed to assist clinicians 
in their management of CINV in patients with paediatric 
cancer (Dupuis et al. 2011).

Granisetron is a potent and highly selective 5 
hydroxytryptamine-3 receptor blocker (5-HT3 antagonist) 
which is proven to be safe and effective as prophylaxis 
of nausea and emesis during administration of moderate 
to highly emetogenic chemotherapy in patients with 
paediatric cancer (Aksoylar et al. 2001; Hählen et al. 
1995). The recommended intravenous dose of granisetron 
in paediatrics was 0.04 mg/kg/dose daily, with the first 
dose given within one hour of initiation of chemotherapy 
(Dupuis et al. 2013). Several studies have been done to 
determine the lowest fully effective dose required by 
granisetron to provide optimal protection against CINV 
in the paediatric population. However, these studies were 
limited and showed varying outcomes with the use of 
differing doses of granisetron. While some have reported 
comparable effectiveness between 0.02 mg/kg and 0.04 
mg/kg dosing, others have demonstrated conflicting 
results indicating a superiority of the 0.04 mg/kg dosing 
compared to 0.02 mg/kg in preventing CINV (Baxter et al. 
1999; Komada et al. 1991; Lemerle et al. 1991). A study 
by Berrak et al. (2007) demonstrated that granisetron at 
0.01 mg/kg and 0.04 mg/kg have comparable efficacy 
in controlling carboplatin-induced acute and delayed 
nausea/emesis. In majority of these studies, granisetron 
was found to be well tolerated with no major adverse 
events.

We used intravenous (IV) granisetron 0.05 mg/kg 
once or twice a day as first line anti-emetic in its IV form 
for in-patient chemotherapy treatments in our paediatric 

oncology unit. IV metoclopramide or dexamethasone 
will be used as second line anti-emetic if the CINV is not 
controlled with IV granisetron alone. Oral granisetron is 
occasionally prescribed upon discharge in anticipation 
of delayed CINV. In this study, we aimed not only to 
determine the efficacy of IV granisetron 0.04 mg/kg/dose 
in preventing CINV in our patients, but also to compare 
its efficacy with a lower dose granisetron of 0.01 mg/
kg/dose. We also sought to determine the incidence of 
adverse effects (headache, constipation, and diarrhoea) of 
granisetron experienced by our patients.

METHODS

This was a single-blinded, dose-comparison, non-
inferiority trial which was carried out in a paediatric 
oncology ward at a tertiary referral centre over an 8-month 
period. All patients with paediatric cancer aged 3-18 years, 
who were receiving moderate to highly emetogenic 
chemotherapy during the study period were identified 
from the database. Patients with documented severe CINV 
during previous chemotherapy cycles were excluded from 
the study. Parents or guardians of the eligible patients were 
approached and written informed consent was obtained 
prior to the recruitment of the patients.

The emetogenicity of chemotherapy drugs were 
classified based on the Paediatric Oncology Group of 
Ontario antineoplastic-induced nausea and vomiting 
guideline. Both high and moderate emetogenicity were 
defined as a >90% and 30-90% chance of causing emesis 
when anti-emetic prophylaxis was not provided (Dupuis 
et al. 2011). The Baxter face retching scale was used to 
assess the degree of nausea in our study (Baxter et al. 
2011). Ethical approval was obtained from the Institutional 
Research Ethics Committee prior to the study (FF-2014-
262).

SINGLE-BLIND RANDOMISATION

One investigator was appointed from the team prior to 
commencement of the study to perform the randomisation 
after recruitment. Patients admitted for moderate to highly 
emetogenic chemotherapy could either have a one-day 
regime or multi-day regime according to their treatment 
protocols. Upon admission and enrolment into the study, 
the parents were given a pouch containing two coloured 
marbles, one red and one blue. They were asked to randomly 
pick a marble without looking into the pouch; the colour of 
the marble chosen was noted by the recruiting investigator. 
The definition of this colour code was known only to the 
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recruiting investigator, who then assigned the patients into 
two groups of either 0.01 mg/kg (red marble) or 0.04 mg/kg 
(blue marble) dose of IV granisetron. This investigator was 
also responsible for the preparation of the IV granisetron 
before passing them to the nurses to be administered. 

Both dosages of granisetron were prepared similarly 
into a 5 mL volume. The syringes were labelled only with 
the name of the patients and identifying number; the 
dosage received by the patients during each cycle were 
recorded in a separate notebook kept by the investigator; 
no dosage was written on the syringe label or on the 
prescription chart of the patients. The nurses were 
instructed to administer granisetron as a slow IV infusion 
over 10 min, half an hour before the start of chemotherapy 
and twice a day (12 hourly) thereafter in multi-day 
chemotherapy regimens.

During admission, the recruiting investigator met 
with the patients and parents everyday (for multi-day 
chemotherapy regime) or prior to discharge (for single-
day regime) and during the outpatient review three days’ 
post-discharge and assessed their response. Neither 
the parents nor the patients were aware of the dose of 
granisetron given. During the subsequent admissions, 
patients were given alternate dosages of IV granisetron 
until the completion of their treatment course or until the 
end of the study period, whichever came first (Figure 1). 
Intervals between two consequent chemotherapy cycles 
were at least one week apart to prevent residual effect from 
a previous different dose of granisetron.

ASSESSMENT OF RESPONSE

The degree of nausea was documented at six hourly 
intervals from the time of initiation of chemotherapy using 
the Baxter face retching scale; score of 2: minor nausea, 
4 or 6: moderate and 8 or 10: severe nausea (Baxter et 
al. 2011). The parents/patients were given a self-report 
diary card to record the most severe CINV response with 
its timing, along with the episodes of emesis during 
chemotherapy and the first three days after completion 
of chemotherapy. Adverse events experienced by the 
patients were also recorded. The self-report diary cards 
were reviewed by the recruiting investigator daily while 
the patients were admitted to confirm the accuracy of the 
response recorded by the parents/patients. Three days 
after discharge, the patients were reviewed at the day-
care unit and the completed self-report diary cards were 
collected.

Responses to granisetron were categorised into: 
complete response, defined as absence of vomiting or 
minor or no nausea; major response, defined as one 

vomiting episode per day or moderate nausea; minor 
response, defined as two to four episodes of vomiting per 
day independent of nausea; and failure of treatment, 
defined as more than four vomiting episodes per day. 
Episodes of vomiting within 5 min of each other were 
counted as one episode while vomiting episodes which 
were 5 min or more apart were counted separately. Patients 
who developed minor response or failure of treatment in 
either group received additional IV dexamethasone 4 mg/
m2 6 hourly to control the emesis.

SAMPLE SIZE

Based on the previous study by Berrak et al. (2007), 78.5 
and 69.2% of patients who received IV granisetron at 
dosages of 0.04 and 0.01 mg/kg, respectively, achieved 
complete response rates. In order to achieve a power of 
80% and significance level of 5%, a sample size of 107 
‘chemotherapy cycles’ per arm was required. 

STATISTICAL ANALYSIS

Based on the four response groups, patients were further 
classified into two groups; those who achieved complete 
response and those who did not achieved complete 
response during in-patient (acute) and post-treatment 
(delayed) period. In the same manner, patients who 
required rescue treatment and those who did not required 
rescue treatment were also recorded and compared. 
Data were analysed by comparing the 95% confidence 
interval (CI) in relation to the designated delta value of 
non-inferiority (∆NI), i.e. 5% (half of the demonstrated 
complete response rate as reported by Berrak et al. 
(2007)). We only analysed the patient response of the 
first day in term of complete response and requirement 
for rescue therapy because of the inhomogeneity of the 
chemotherapy treatment protocol. The delayed response 
(post-treatment period) for all patients (both one-day and 
multi-day regime) were compared and analysed as a 
group.

RESULTS

Seventeen children with cancer receiving moderate to 
highly emetogenic chemotherapy were enrolled into 
this study (Table 1). Nine out of the 10 patients with 
acute lymphoblastic leukaemia (ALL) were recruited 
at the delayed intensification phase (receiving either 
doxorubicin or cyclophosphamide). One patient had 
relapsed ALL and was receiving high dose methotrexate 
and later, cyclophosphamide during the study period. 
Meanwhile, one patient was diagnosed with T-lymphoblastic 
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lymphoma and was randomised while receiving weekly 
daunorubicin during induction phase chemotherapy. 

Granisetron anti-emetic efficacy and adverse effects 
were evaluated during 78 chemotherapy cycles; 0.01 
mg/kg was used in 38 chemotherapy cycles while 0.04 
mg/kg was used in 40 chemotherapy cycles. Treatment 
characteristics of the study group are demonstrated in Table 
2. A majority of the patients achieved complete response in 
both dosage groups while receiving day 1 chemotherapy 
(86% in the 0.01 mg/kg group versus 98% in the 0.04 
mg/kg group) (Table 3). This reflects the effectiveness of 
both dosage groups in controlling acute CINV in our study 
populations. However, only 79% of patients in the 0.01 
mg/kg groups reported complete response during the first 
3 days post chemotherapy compared to 92% of patients 
in the 0.04 mg/kg group. Dexamethasone was given as 
rescue treatment for 3 out of the 38 chemotherapy cycles 
with the 0.01 mg/kg group, while none of the patients in 
the 0.04 mg/kg group required any rescue treatment. 

The ∆NI in this study was −0.05; the region of non-
inferiority was −0.05 and above. Our result of 95% CI was 
more than the ∆NI, indicating that IV granisetron 0.01 mg/
kg was non-inferior compared to 0.04 mg/kg in term of 
achieving complete response (acute CINV) in our patients 
(Figure 2(a)). Similarly, in terms of rescue treatment 
required, we were able to demonstrate the NI of 0.01 mg/kg 
of IV granisetron compared to 0.04 mg/kg on the first day 

FIGURE 1. Flow chart of patient recruitment and randomisation
CINV, chemotherapy-induced nausea and vomiting; n, number

of treatment (Figure 2(b)). However, we failed to show the 
non-inferiority of 0.01 mg/kg of IV granisetron compared 
to 0.04 mg/kg for protection against delayed CINV as the 
95% CI was less than the ∆NI (Figure 2(c)). 

Constipation (three patients) was the most common 
adverse effect associated with granisetron observed in 
our study, although these patients were also receiving 
vincristine during the study period. None of the patients 
withdrew from the trial because of adverse effects from 
granisetron. 

When we analysed the emetogenicity of the drugs 
received by both groups, patients with leukaemia/
lymphoma received less emetogenic chemotherapy 
compared to patients with brain/bone tumours (p < 0.001). 
In our study, the granisetron dose of 0.04 mg/kg offered 
equal protection for patients in both the leukaemia/
lymphoma group and brain/bone tumour group on the first 
day and 3 days post chemotherapy (p = 0.307 and p = 
0.813, respectively). However, for granisetron at the dose 
of 0.01 mg/kg, the Baxter score of patients was slightly 
higher for patients with brain/bone tumours compared 
to those with leukaemia/lymphoma on the first day of 
chemotherapy (mean score 1.755 (Standard deviation (SD) 
± 0.971) vs 1.130 (SD ± 0.625); p = 0.038). There was 
no statistically significant difference in the Baxter score 
recorded 3 days post-treatment between both groups (p = 
0.092) for the lower granisetron dosage.
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FIGURE 2. Region of non-inferiority for (a) complete response rate on first day 
chemotherapy, (b) Day 1 dexamethasone rescue rate, and (c) post-treatment complete 

response rate between both dosage groups
CI, confidence interval; NI, non-inferiority

TABLE 1. Demographic characteristics of study populations

Characteristic Results 
(N=17)

Age at study entry in years, median (IQR) 5.25 (3.88-8.70)
Gender, n (%)

Male
Female

9 (53)
8 (47)

Age at diagnosis in years, median (IQR) 4.83 (3.46-8.00)

Duration of prior chemotherapy exposure in months, median (IQR) 4.76 (1.31-6.81)

Ethnicity, n (%)
Malay
Chinese
Indian

13 (76)
2 (12)
2 (12)

Diagnosis, n (%)
Acute leukaemia/lymphoma
Brain tumours
Bone tumours

11 (65)
4 (23)
2 (12)

N, number; IQR, Interquartile range
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TABLE 2. Treatment characteristics of the study groups

Treatment variables IV Granisetron (N=78)
0.01 mg/kg 0.04 mg/kg

All episodes, n (%) 38 (48.7) 40 (51.3)
Chemotherapy regime, day

1 day, n = 63 30 33

2 days, n = 7 4 3

≥3 days, n = 8 4 4

Chemotherapy emetogenicity, p = 0.989*

High level 14 15

Moderate level 24 25

n, number

*statistical analysis using Chi-square test (significant p value < 0.05) 

TABLE 3. Response rate based on dosage groups

Groups Day 1 chemotherapy, n (%) Three days post-chemotherapy, n (%)

Complete response Incomplete 
response

Complete 
response

Incomplete response

Overall
  0.01 mg/kg
  0.04 mg/kg

72
33 (86)
39 (98)

6
5 (13)
1 (2)

67
30 (79)
37 (92)

11
8 (21)
3 (8)

Gender

Male
  0.01 mg/kg
  0.04 mg/kg

19 (90)
19 (95)

2 (10)
1 (5)

17 (81)
18 (90)

4 (19)
2 (10)

Female
  0.01 mg/kg
  0.04 mg/kg

14 (82)
20 (100)

3 (18)
0 (0)

13 (76)
19 (95)

4 (23)
1 (5)

Age group

> 7 years old
  0.01 mg/kg
  0.04 mg/kg

8 (67)
13 (100)

4 (33)
0 (0)

8 (67)
12 (92)

4 (33)
1 (8)

≤ 7 years old
  0.01 mg/kg
  0.04 mg/kg

25 (96)
26 (96)

1 (4)
1 (4)

22 (85)
25 (93)

4 (15)
2 (7)

n, number
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DISCUSSION

Granisetron has been reported to be safe and effective 
as prophylaxis for CINV during the administration of 
moderate to highly emetogenic chemotherapy in paediatric 
patients (Berrak et al. 2007; Komada et al. 1991; Lemerle 
et al. 1991; Tsuchida et al. 1999). In our study, we 
successfully proved that IV granisetron of 0.01 mg/kg 
was non-inferior to 0.04 mg/kg in preventing acute CINV 
during administration of highly emetogenic chemotherapy. 
This finding corroborates a previous study done by 
Berrak et al. (2007). However, we failed to demonstrate the 
NI of 0.01 mg/kg compared to 0.04 mg/kg for protection 
against delayed CINV. 

The Multinational Association of Supportive Care 
in Cancer paediatric guideline for prevention of acute 
CINV in 2016 recommends the use of 5-HT3 antagonist 
(granisetron, ondansetron, palonosetron or topisetron) 
with dexamethasone and aprepitant as anti-emetic 
prophylaxis for children receiving highly emetogenic 
chemotherapy (Dupuis et al. 2017). Those receiving 
moderately emetogenic chemotherapy should receive a 
5-HT3 antagonist with dexamethasone (Dupuis et al. 
2017). Randomised studies included in the systematic 
reviews for the guideline reported the granisetron doses 
of 0.02 mg/kg and 0.04 mg/kg as efficacious in preventing 
acute CINV, although the recommendation for the optimal 
dose of granisetron was not included in this guideline 
(Aksoylar et al. 2001; Emir et al. 2013; Hählen et al. 1995; 
Jaing et al. 2004; Mabro et al. 2000). However, due to 
lack of studies, no formal recommendation was made for 
delayed CINV in children following moderate to highly 
emetogenic chemotherapy (Dupuis et al. 2017).

In contrast to this guideline which recommends the 
combination of 5-HT3 antagonist and dexamethasone in 
children receiving moderately emetogenic chemotherapy, 
with the addition of aprepitant for those receiving 
highly emetogenic chemotherapy, our study found that 
monotherapy with IV granisetron either at 0.04 or 0.01 
mg/kg twice a day was effective in controlling acute CINV. 
The use of dexamethasone was not routinely required in 
our cohort of patients despite the high emetogenicity of 
the chemotherapy. 

The question of optimal anti-emetic dosing for 
the prevention of delayed CINV in children remains 
unanswered, hence the varying dosage and regime of 
anti-emetics used in different centres around the world. 
Choices of anti-emetics were usually made based on the 
personal experience of the clinician and availability of 
the anti-emetic agents at the treating centre. In our study, 
although granisetron at 0.04 mg/kg provided adequate 

protection for delayed CINV in 92% of the chemotherapy 
cycles examined, a small proportion of the patients 
required additional anti-emetic coverage after discharge. 

The major limitations of this study were the 
small sample size and inhomogeneity of diagnosis and 
treatment protocols in the study cohort. Due to the small 
number of patients treated at our centre, all patients 
receiving moderate to highly emetogenic chemotherapy 
were recruited. In order to minimise the possible bias 
caused by the different chemotherapy protocols used, 
we only analysed the response of the first day provided 
by granisetron. In the setting of strict laws and ethical 
guidelines limiting drug trials among paediatric 
population, we feel that our data can contribute to the 
existing international guidelines on optimal dosage of 
anti-emetics used in patients of paediatric oncology despite 
our small sample size. Of course, future large, multi-centre 
studies would better consolidate our findings, especially 
with regards to the efficacy of granisetron 0.01 mg/kg dose. 

CONCLUSION

From our observation, IV granisetron at 0.04 mg/kg 
provides effective protection from acute and delayed CINV 
during administration of moderate to highly emetogenic 
chemotherapy in our patients of paediatric oncology. 
Further large, multi-centre studies are required before a 
definite conclusion can be made with regards to the efficacy 
of the 0.01 mg/kg dose. 
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