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Abstract

Background Control of serum uric acid (sUA) levels
is very important during chemotherapy in patients with
malignant tumors, as the risks of tumor lysis syndrome
(TLS) and renal events are increased with increasing levels
of sUA. We investigated the efficacy and safety of febux-
ostat, a potent non-purine xanthine oxidase inhibitor, com-
pared with allopurinol for prevention of hyperuricemia in
patients with malignant tumors, including solid tumors,
receiving chemotherapy in Japan.

Methods An allopurinol-controlled multicenter, open-
label, randomized, parallel-group comparative study was
carried out. Patients with malignant tumors receiving
chemotherapy, who had an intermediate risk of TLS or a
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high risk of TLS and were not scheduled to be treated with
rasburicase, were enrolled and then randomized to febux-
ostat (60 mg/day) or allopurinol (300 or 200 mg/day). All
patients started to take the study drug 24 h before chemo-
therapy. The primary objective was to confirm the non-infe-
riority of febuxostat to allopurinol based on the area under
the curve (AUC) of sUA for a 6-day treatment period.

Results Forty-nine and 51 patients took febuxostat and
allopurinol, respectively. sUA decreased over time after
initiation of study treatment. The least squares mean dif-
ference of the AUC of sUA between the treatment groups
was —33.61 mg h/dL, and the 95 % confidence interval
was —70.67 to 3.45, demonstrating the non-inferiority of
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febuxostat to allopurinol. No differences were noted in
safety outcomes between the treatment groups.

Conclusion Febuxostat demonstrated an efficacy and
safety similar to allopurinol in patients with malignant
tumors receiving chemotherapy.

Trial  registry http://www.clinicaltrials.jp;
JapicCTI-132398.

Identifier:

Keywords Tumor lysis syndrome - Febuxostat -
Allopurinol - Hyperuricemia - Randomized clinical trial

Introduction

Tumor lysis syndrome (TLS) presents with various
pathological conditions including hyperuricemia, hyper-
kalemia, hyperphosphatemia, and hypocalcemia, and
may lead to life-threatening complications such as acute
renal failure [1-3]. TLS is caused by the rapid destruc-
tion of tumor cells usually associated with anticancer
chemotherapy, followed by accumulation of intracellu-
lar components and their metabolites in the bloodstream
beyond metabolizing and excreting capacity. TLS occurs
most frequently in patients with hematological malig-
nancies, but it may occur in any cancer, including bulky
solid tumors which are sensitive to chemotherapy (e.g.,
neuroblastoma, germ-cell tumors, and small-cell lung
cancers) [2].

It is important to provide patients with preventive treat-
ments appropriate to the estimated risk of TLS based on
the type of malignant tumor, tumor load, treatment modal-
ity, and the patient’s renal function [1-3]. During antican-
cer chemotherapy, controlling the serum uric acid (sUA)
level is very important because acute renal failure due
to crystallization of UA in the renal tubules is one of the
most serious complications of TLS. The risk of TLS and
renal events are increased by 1.75-fold and by 2.21-fold,
respectively, with every milligram per deciliter increase in
UA levels [1]. In addition to hydration, it is recommended
to use allopurinol or rasburicase for prophylaxis of TLS,
mainly in patients with an intermediate or high risk of
developing TLS [2, 3]. Allopurinol is a purine analogous
xanthine oxidase (XO) inhibitor which reduces the pro-
duction of UA. However, hypersensitivity reactions such
as rash, acute hepatitis, and eosinophilia are sometimes
experienced. Furthermore, dose reductions are required in
patients with renal failure [4]. Rasburicase is a recombi-
nant form of urate oxidase which metabolizes UA to allan-
toin. Although it acts immediately and is extremely effec-
tive, its use is sometimes limited due to immunogenicity
and prohibitive cost [5, 6]. Moreover, rasburicase should
be avoided in patients with glucose-6-phosphate dehydro-
genase deficiency.

Febuxostat is a potent non-purine structured selec-
tive XO inhibitor, which prevents the inhibition of other
enzymes involved in purine and pyrimidine metabolism. It
is known to be well tolerated in patients even with mod-
erate renal impairment, while its effect on lowering sUA
remains unaffected.

While allopurinol is administered three times a day,
febuxostat shows potent urate-lowering effects as a once-
daily treatment for gout or hyperuricemia. Furthermore, once
the efficacy and safety of febuxostat has been established
to be similar to allopurinol, febuxostat is likely to become
a more favorable treatment for TLS prevention. Recent
reports showed febuxostat would successfully prevent TLS
in patients with malignant tumors [7-9]. However, since
the patients enrolled in these studies were limited to those
with hematological malignancies, the efficacy and safety of
febuxostat remain unclear in patients with solid tumors. In
addition, there have been no reports of randomized clinical
trials evaluating febuxostat to prevent TLS in Japan. There-
fore, we conducted a randomized trial to evaluate the effi-
cacy and safety of febuxostat compared with allopurinol
in terms of prevention of TLS in patients with malignant
tumors, including solid tumors, receiving chemotherapy.

Patients and methods
Study design

This was an allopurinol-controlled, multicenter, open-label,
randomized, parallel-group comparative phase III study
conducted at 24 facilities in Japan from January 2014 to
September 2014. The primary objective was to confirm the
non-inferiority of febuxostat to allopurinol based on the
area under the curve (AUC) of sUA over a 6-day treatment
period to evaluate whether these medications have similar
efficacy.

Patients

Eligible patients were aged >20 years, scheduled to receive
a first cycle of chemotherapy (antineoplastic agents includ-
ing molecular targeted drugs) for malignant tumors, had
an intermediate risk of TLS or a high risk of TLS and who
were not scheduled to be treated with rasburicase. Neces-
sity of rasburicase treatment was decided at the investiga-
tor’s discretion based on contraindications, the patient’s
condition (e.g., sUA, renal function, or tumor mass), and
planned chemotherapy regimen. TLS risk was assessed
according to the recommendations [2]. The main exclu-
sion criteria were SUA >10.0 mg/dL, presence of labora-
tory TLS (LTLS) or clinical TLS (CTLS) before receiving
the treatment, a history of allergic reaction to the study
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drugs, presence of gouty arthritis, Eastern Cooperative
Oncology Group performance status of >3, and signifi-
cant renal dysfunction with an estimated glomerular fil-
tration rate (€GFR) of <30 mL/min/1.73 m?. Each patient
provided fully informed written consent before enrollment.
The study was approved by each site’s institutional review
board and was carried out according to the Good Clinical
Practice and principles set out in the Declaration of Hel-
sinki 1964 and all subsequent revisions.

Treatments

After enrollment, patients were randomly assigned in a 1:1
ratio to either the febuxostat or allopurinol group by Medi-
data Balance® (Medidata Solutions, Inc., NY, USA). Ran-
domization was performed with a minimization method
[10] to minimize the imbalance of baseline sUA, TLS risk,
and primary disease. Febuxostat was administered 60 mg
orally once daily (60 mg/day). Allopurinol was adminis-
tered 100 mg orally 3 times daily (300 mg/day), except in
patients with moderate or severe renal impairment (eGFR
>30 to <45 mL/min/1.73 m?) who received allopurinol
100 mg twice daily (200 mg/day). All patients were started
on the study drug at 24 h before chemotherapy and contin-
ued for at least 6 days. The study drug could be taken for
14 days maximum according to the investigator’s discre-
tion. Any concomitant medications that might affect SUA,
such as rasburicase or benzbromarone, were prohibited
during the study, except for fluid replacement.

Efficacy and safety endpoint

The primary endpoint was the AUC of sUA from day —1 to
day 6. Day —1 (baseline) was the day of randomization and
starting the study drug, day 1 was the day of starting chemo-
therapy, and day 6 was the 6th day after chemotherapy. Central
laboratory evaluation was used for primary efficacy measure-
ments. Secondary endpoints were serum levels of UA, lactate
dehydrogenase (LDH), serum creatinine, and serum electro-
lytes (K, Ca, and P), number of patients whose sUA exceeded
the upper limit of normal on >2 consecutive days, and number
of patients who developed LTLS or CTLS according to the
established criteria [2]. Incidence and grade of adverse events
(AEs), vital signs, standard 12-lead electrocardiograms, and
time courses of laboratory test values were also assessed. The
severities of AEs were assessed using Common Terminology
Criteria for Adverse Events version 4.0.

Statistical analysis
The primary analysis set for efficacy evaluation was the full

analysis set (FAS). For sensitivity analysis, analyses were
repeated for the per protocol set (PPS).
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For the primary endpoint, the two-sided 95 % confidence
interval (CI) of the difference in the AUC of sUA between
treatment groups was calculated by adjusting for the base-
line sUA. We set the non-inferiority margin at 150 mg h/
dL. Since sufficient information regarding the time-course
changes of serum UA levels after placebo treatment was
not available, we assumed that patients would maintain
their baseline serum UA levels as a conservative case. In
this instance, 150 mg h/dL is equivalent to half of the dif-
ference between assumed sUA AUC after placebo treat-
ment and expected AUC after allopurinol treatment. Fur-
thermore, even if the AUC is elevated to 150 mg h/dL
after chemotherapy, persistent hyperuricemia would not be
expected. Thus, an AUC of 150 mg h/dL. was considered
appropriate in this study. For missing data, the last obser-
vation carried forward method was applied to patients who
discontinued the study, and a linear interpolation method
was used to impute the missing data between visits.

Using a sample size of 47 for each group, a two-group ¢
test with a one-sided significance level of 0.025 would have
80 % power to show non-inferiority with a pre-determined
non-inferiority margin of 150 mg h/dL, assuming that the
expected difference in means was 0 and the common stand-
ard deviation was 255 mg h/dL. The sample size of this
study was set at 100 patients in 2 groups with 50 patients in
each group, including dropouts.

Results
Patients

A total of 104 patients were screened and 100 patients
were enrolled from January 2014 to September 2014.
Forty-nine and 51 patients were randomized to the febux-
ostat group and the allopurinol group, respectively, and all
of the patients took the study drug (Fig. 1). One patient in
the allopurinol group was excluded from all analyses due
to a lack of written consent. Thus, data from 99 patients
were available for FAS analysis, although two patients in
the allopurinol group discontinued the study soon after
initiation of study treatment. For PPS analysis, data from
91 patients were available. Eight patients (4 patients in
each group) were excluded from PPS due to protocol vio-
lations which included concomitant use of a prohibited
drug, low drug adherence rate, and missing important
data.

Demographic and other baseline characteristics for the
FAS are presented in Table 1. No remarkable differences
were observed between the two groups. The median age
was 69.0 (range 22-87) years, median sUA was 5.40 mg/
dL, and approximately 20 % of patients had solid tumors.
About 30 % of patients were classified as being at a high
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Fig. 1 Randomization of stud .
drfgs. Disposition of patients Y Pa.tlents who
provided consent*
n=104
[
Randomized* Patients not enrolled
n=100 n=4
Reason:
| Did not meet the enrollment criteria

(n=2)

Suspected to have met the

exclusion criteria (n=1)

Febuxostat group Allopurinol group* Early initiation of the treatment of
n=49 n=51 primary disease (n=1)
Completion Discontinuation Completion Discontinuation*
n=49 n=0 n=48 n=3

*Including a patient with GCP

risk of TLS, and all other patients were at an intermedi-
ate risk. In the allopurinol group, three of 50 patients were
administered 200 mg/day due to renal impairment.

sUA

The level of sUA decreased over time after initiation of
the study treatment (day —1) and became constant from
day 4 for each group (Fig. 2). For the febuxostat group,
sUA (mean =+ standard deviation) was 5.65 = 1.35 mg h/
dL at baseline, 3.08 = 1.34 mg h/dL at day 3, and
2.55 + 1.20 mg h/dL at day 6. For the allopurinol group,
sUA was 5.52 &+ 1.76 mg h/dL at baseline, 3.12 + 1.29 mg
h/dL at day 3, and 2.60 £ 0.94 mg h/dL at day 6. sUA
exceeding the upper limit of normal (7.0 mg/dL) on >2
consecutive days was noted in one patient in the febuxostat
group (2.0 %) and three patients in the allopurinol group
(6.0 %); this difference was not statistically significant
(Fisher’s exact test; p = 0.617). None of the patients with
sUA of <7.0 mg/dL at baseline had an increase in sUA
exceeding the upper limit of normal after initiation of the
study treatment.

The AUC of sUA (least squares mean £ standard error)
was 479.82 £+ 13.26 mg h/dL in the febuxostat group and
513.44 £ 13.13 mg h/dL in the allopurinol group (Table 2).
The least squares mean difference between the two groups
was —33.61 mg h/dL, with a 95 % CI of —70.67 to 3.45.
The upper bound was well below the non-inferiority mar-
gin of 150 mg h/dL, demonstrating the non-inferiority of
febuxostat against allopurinol. The results were fully con-
firmed in the PPS and subgroups of patients with different
baseline characteristics in terms of sUA, risk of TLS, pri-
mary disease, serum creatinine, and eGFR (Table 3).

noncompliance

TLS

Development of LTLS or CTLS during the period from the
initiation of the study drug until day 6 was noted in one
patient (2.0 %) in the febuxostat group and two patients
(4.0 %) in the allopurinol group; this difference was not
statistically significant (Fisher’s exact test; p = 1.000). Of
the three patients with LTLS, only one patient (allopurinol
200 mg/day) met the criteria for evaluation of LTLS due to
sUA exceeding the upper limit of normal. The maximum
sUA in this patient was 9.7 mg/dL at baseline, followed
by a decrease over time; however, it remained above the
upper limit of normal (7.0 mg/dL) up to day 3. This patient
met the criteria for LTLS since phosphorus also exceeded
the upper limit of normal on day 2 and day 3. The other
two patients met the criteria of LTLS since the potassium
and phosphorus exceeded the upper limit of normal. No
patients developed CTLS.

Other laboratory values

LDH decreased over time after initiation of chemotherapy.
Serum creatinine and electrolytes (K, Ca, and P) remained
within normal limits in most patients. No significant differ-
ences were noted in these laboratory tests results between
treatment groups.

Safety
The safety analysis included 99 patients (49 in the febux-
ostat group, 50 in the allopurinol group). AEs occurred in

46 patients in the febuxostat group (93.9 %; 252 events) and
48 patients in the allopurinol group (96.0 %; 304 events).
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Table 1 Baseline
characteristics of the patients

Baseline characteristics

Febuxostat (n = 49)

Allopurinol (n = 50)

Total (n = 99)

(full analysis set, n = 99) Sex
Male

Female
Age (years)
Mean
ECOG performance status
0
1
2
3
4
Disease type
Leukemia
Lymphoma
Solid tumor
TLS risk
Low
Intermediate
High
Bulky mass
No
Yes
Not lymphoma

eGFR (day —1) (mL/min/1.73 m?)

>30 to <45 eGFR
>45 to <60 eGFR
>60 to <90 eGFR
>90 eGFR

sUA (day —1) (mg/dL)
Mean
Std Dev
Median
Min, max
<7.0
>7.0

30 (61.2 %) 27 (54.0 %) 57 (57.6 %)
19 (38.8 %) 23 (46.0 %) 42 (42.4 %)
64.6 68.7 66.7

26 (53.1 %) 25 (50.0 %) 51 (51.5 %)
19 (38.8 %) 22 (44.0 %) 41 (41.4 %)
4(8.2 %) 3(6.0 %) 7(7.1 %)

0 (0.0 %) 0 (0.0 %) 0 (0.0 %)

0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
5(10.2 %) 5(10.0 %) 10 (10.1 %)
33 (67.3 %) 33 (66.0 %) 66 (66.7 %)
11 (22.4 %) 12 24.0 %) 23 (232 %)
0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
34 (69.4 %) 35 (70.0 %) 69 (69.7 %)
15 (30.6 %) 15 (30.0 %) 30 (30.3 %)
25 (51.0 %) 28 (56.0 %) 53 (53.5 %)
8 (16.3 %) 5(10.0 %) 13 (13.1 %)
16 (32.7 %) 17 (34.0 %) 33 (33.3 %)
1(2.0 %) 3(6.0 %) 4(4.0 %)
10 (20.4 %) 13 (26.0 %) 23 (23.2 %)
30 (61.2 %) 25 (50.0 %) 55 (55.6 %)
8(16.3 %) 9 (18.0 %) 17 (17.2 %)
5.65 5.52 5.59

1.35 1.76 1.56

5.50 5.35 5.40
32,89 2.4,10.7 2.4,10.7
43 (87.8 %) 41 (82.0 %) 84 (84.8 %)
6 (12.2 %) 9 (18.0 %) 15 (152 %)

ECOG Eastern Cooperative Oncology Group, eGFR estimated glomerular filtration rate, Std Dev standard
deviation, sUA serum uric acid, 7LS tumor lysis syndrome

AEs which were considered to be related to the study drug
occurred in one patient in each of both groups, and were asso-
ciated with elevated serum transaminase levels. The AEs were
Grade 1 in severity. One patient recovered after treatment,
and the other had no follow-up results. No differences were
noted in the incidence of AEs between the treatment groups.
The AEs in both groups were generally similar to those
expected during chemotherapy. Grade >3 AEs occurred in
38 patients (77.6 %; 83 events) in the febuxostat group and
38 patients (76.0 %; 108 events) in the allopurinol group.
In both groups, leukopenia, neutropenia, and febrile neu-
tropenia were commonly seen due to bone marrow toxicity

@ Springer

from chemotherapy not related to the study drugs. One
patient in the allopurinol group experienced attacks of gout.
This complication was not thought to be a direct effect of
allopurinol. No remarkable differences between the treat-
ment groups were observed when the subgroup analyses
for AEs were stratified by demographic and other baseline
characteristics. There was no mortality in this study. One
patient in the allopurinol group discontinued treatment
due to diarrhea. Two patients in the allopurinol group suf-
fered sepsis and cryptococcal fungemia, respectively. A
causal relationship to the study drug was not considered
applicable.



Int J Clin Oncol (2016) 21:996-1003

1001

8 - —&— Febuxostat - -/ --Allopurinol

Serum uric acid (mg/dL)

1 T T T T T T
Day-1 Day 1 Day2 Day 3 Day4 Day5 Day 6

Fig. 2 Serum UA levels prior to and after febuxostat or allopurinol
treatment. Time-course chart of serum UA (FAS). Day —1 day of
starting to take the study drug, Day I day of starting chemotherapy

Discussion

We evaluated the efficacy and safety of febuxostat for pre-
vention of hyperuricemia as one of the important labora-
tory findings in TLS when patients with malignant tumors,
including solid tumors, are to receive chemotherapy.
Febuxostat demonstrated similar efficacy and safety to
allopurinol in the present study. With regard to efficacy,
febuxostat 60 mg/day resulted in decreased sUA and main-
tained low levels of sUA up to day 6. None of the patients
developed TLS, which is caused partly by a high blood con-
centration of UA after initiation of study treatment in the
febuxostat group. In addition, non-inferiority of febuxostat
to allopurinol (the primary endpoint) was confirmed based
on the AUC of sUA from day —1 to day 6. It is important
to note that the efficacy was the result of prevention rather
than treatment, as the study drugs were administered 24 h
before chemotherapy. Treatment efficacy for TLS needs to
be investigated in further studies. From a clinical point of

Table 2 Area under the curve

. Treatment Least squares means Standard error 95 % CI
of sUA (full analysis set)
Febuxostat 479.82 13.26 (453.50, 506.15)
Allopurinol 513.44 13.13 (487.38, 539.50)
Difference between means® —33.61 18.67 (=70.67, 3.45)
ANCOVA model includes treatment and sUA (day —1)
Unit: mg h/dL
ANCOVA analysis of covariance, CI confidence interval, sUA serum uric acid
? Febuxostat—allopurinol
Table 3 Area under the curve of sUA (subgroup analysis) (full analysis set)
Parameter Category Febuxostat Allopurinol It valuel  p value
n Mean Std Dev n Mean Std Dev
TLS risk Low 0 - - 0 - - - -
Intermediate 34 475.66 142.63 35 464.40 170.66 0.30 0.767
High 15 510.08 231.71 15 607.04 183.41 1.27 0.214
Disease type Leukemia 5 633.84 160.28 5 637.20 248.68 0.03 0.980
Lymphoma 33 456.58 165.25 33 484.47 180.38 0.65 0.515
Solid tumor 11 507.93 177.67 12 515.50 160.65 0.11 0.916
Serum creatinine (baseline) (mg/dL)* <ULN 42 474.97 171.58 45 487.84 167.95 0.35 0.725
>ULN 7 553.54 178.55 681.36 257.50 1.02 0.331
eGFR (baseline) (mL/min/1.73 m?) >30 to <45 552.00 - 840.40 187.36 1.33 0.314
>45 to <60 10 525.96 175.41 13 529.48 162.28 0.05 0.961
>60 to <90 30 490.96 169.10 25 470.59 167.97 0.45 0.657
>90 8 410.40 193.58 9 465.60 166.91 0.63 0.537

eGFR estimated glomerular filtration rate, 7LS tumor lysis syndrome, ULN upper limit of normal, Std Dev standard deviation, sUA serum uric

acid

4 Creatinine ULN: male = 1.09, female = 0.82
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view, control of electrolytes is also important for TLS pre-
vention. High sUA can cause renal dysfunction which leads
to electrolyte imbalance. It is important to note that no
renal dysfunction occurred and electrolyte levels were well
controlled in both the febuxostat and allopurinol groups in
this study. With regard to safety, the AEs in this study were
similar to the complications which are commonly observed
in patients receiving chemotherapy. Since the dose of
allopurinol needs to be adjusted according to kidney func-
tion, and has to be administered 2-3 times daily, a once-
daily fixed dose of febuxostat appears to be more useful
and advantageous.

This study has some limitations—it enrolled a relatively
small number of patients, was an open-label study, and was
limited only to sites in Japan. However, recently, Spina et al.
showed that febuxostat (120 mg/day) achieved statistically
significant superiority in reduction of sUA over allopuri-
nol (200-600 mg/day) in patients with hematologic malig-
nancies in a large randomized, double-blind phase III trial
(FLORENCE study) [9] conducted in a total of 346 patients
across 11 European countries and Brazil. Takai et al. also
evaluated the hypouricemic effect of febuxostat (40-60 mg/
day) prospectively in patients undergoing chemotherapy in
Japan, although the number of patients was small and the
study was not randomized [7]. Both reports also revealed
that febuxostat sufficiently decreased sUA and successfully
prevented development of TLS. Regarding kidney function,
Takai et al. showed a simultaneous decrease in serum cre-
atinine and increase in eGFR, while Spina et al. reported
no change in serum creatinine or creatinine clearance.
In our study, creatinine remained constant for both treat-
ment groups. Thus, further studies are needed to evaluate
the effect of febuxostat administration on the relationship
between kidney function and sUA levels.

Although these two earlier studies were conducted in
patients with hematological malignancies only, the primary
disease was not limited in our study. As a result, 23 patients
(approximately 20 %) with solid tumors were enrolled (11
patients in the febuxostat group and 12 in the allopurinol
group). There was no statistically significant difference in
the AUC of sUA for underlying malignancies between the
study drugs. No TLS occurred in patients with solid tumors
in this study, supporting the conclusion that both febux-
ostat and allopurinol are equally effective for prevention
of TLS in patients with solid tumors, as in hematological
malignancies.

Febuxostat is approved in Japan to treat hyperuricemia
or gout with a dose escalation method employed to reduce
the risk of gout attacks associated with a rapid decrease in
sUA. By contrast, in patients with malignant tumors sched-
uled to receive chemotherapy, sUA needs to be lowered
quickly and sufficiently enough to prevent the development
of TLS. Thus, febuxostat was given up to the maximum
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dose approved for hyperuricemia and gout in Japan without
using a dose escalation method. No patients experienced
gouty attacks in the febuxostat group, and there were no
other safety concerns, indicating that a fixed dose of 60 mg/
day is appropriate to prevent TLS in patients undergoing
chemotherapy in Japan.

In conclusion, our study showed that febuxostat is simi-
lar to allopurinol in terms of controlling sUA regardless of
TLS risk, baseline sUA before chemotherapy, or primary
disease, including solid tumors. In addition, both study
drugs are generally tolerable. Therefore, this study suggests
that febuxostat is effective and safe for the prevention of
TLS in patients with malignant tumors who are to receive
chemotherapy.
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