
D
C
T
P

S
P
X

*D
H
Pr
th

In
In
pr
10
60
II
m
N
ch
ha
pl

www.transonc.com

Trans la t iona l Onco logy Volume 11 Number 4 August 2018 pp. 1007–1011 1007
ose Escalation of Lobaplatin
oncurrent with IMRT for the
reatment of Stage III-IVb NPC: A
hase I Clinical Trial2,3
51
O
C

Ad
Fi
Pr
1T
2R
G
3D
Re

©
acc
19
ht
i-Yang Wang*1, Xi-Wei Xu*,1, Ji-Jin Yao*,1,
ei-Jian Peng†, Bin Zhou*, Qiao-Dan Liu*,
iao-Ping Huang‡ and Zhong Lin†

epartment of Radiation Oncology, the Fifth Affiliated
ospital of Sun Yat-sen University, Zhuhai, Guangdong
ovince 519001, China; †Department of Medical Oncology,
e Fifth Affiliated Hospital of Sun Yat-sen University, Zhuhai
9001, Guangdong Province, PR China; ‡Department of
ut-patient, the Chronic Disease Prevention and Treatment
enter, Zhuhai 519001, Guangdong Province, PR China
Abstract
The maximum tolerated dose (MTD) of lobaplatin as a single agent chemotherapy concurrent with intensity-modulated
radiotherapy (IMRT) in Asian population with nasopharyngeal carcinoma (NPC) remains unclear. From June 2016 to
December 2017, 17 patients diagnosed with stage III-IVb NPC from an Asian population were prospectively enrolled.
Patients were administered lobaplatin with 25-50 mg/m2 escalation of dosage on day 1. Every 21 days (days 1, 22, and
43) during radiotherapy, cycles were repeated. We administered radiotherapy as 2.12-2.27 Gy per fraction with five daily
fractions each week for 6 to 7 weeks. The evaluation of lobaplatin-related toxic effects was based on the Common
Terminology Criteria for Adverse Events version 4.0. During the weekly treatment period, complete blood counts and
biochemistrywereperformed.Dose-limiting toxicities (DLTs)weredeterminedby the followingeventsduring anycycle in
which lobaplatinwas administered. Each dose group consisted of at least three cases.Weproceeded to the subsequent
dose group in the absence ofDLTwith a dose increment of 5mg/m2 until DLT occurred. Periods from1week prior to the
chemotherapy initiation to 3 weeks after the last chemotherapy were defined as DLT observation periods. MTD was
determined by the dose that was immediately below the dose that produced DLT. After analysis, DLT occurred in three
patients, including agroupwith twoof threepatients in 45mg/m2 lobaplatin andanother groupwithoneof five patients in
40 mg/m2 lobaplatin. No grade 3-4 toxicity was observed in patients treated with lobaplatin b40 mg/m2. The tumor
response rate at 12 weeks after treatment was 100%. In summary, lobaplatin concurrent with IMRT was active in stage
III-IVbNPC, and theMTD for the lobaplatin as single-agent chemotherapywas40mg/m2whencombinedwith IMRT in an
Asian population. This trial is registered with ClinicalTrials.gov, number NCT03188497.
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troduction
Southern China, nasopharyngeal carcinoma (NPC) is highly

evalent, where the annually incidence rate ranges 20-50 cases per
0,000 population [1]. Currently, in our daily practice, approximately
%-70% ofNPC patients show locoregionally advanced disease (stage
I-IVb) at the time of diagnosis. Presently, the standard treatment
odality is concurrent chemoradiotherapy for locoregionally advanced
PC. Platinum-based drugs are the most widely used for concurrent
emotherapy combined with radiotherapy. Cisplatin has shown to
ve a strong antitumor activity in NPC and is also a first-generation
atinum agent. Although cisplatin plus intensity-modulated radio-
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erapy (IMRT) shows positive prognosis in NPC [2], the adverse
fects of cisplatin such as vomiting, renal toxicity, ototoxicity, and
urotoxicity have limited clinical application [3]. As a result, a need to
plore new effective platinum agents with improved effectiveness and
vorable toxicity will have important clinical significance.
The third-generation platinum complex lobaplatin presents active
titumor action in numerous solid tumors, such as hepatocellular
rcinoma, cervical cancer, and breast cancer [4–6]. Literature has
ported that lobaplatin is more soluble and stable in water and not as
xic compared to cisplatin [3]. A recent phase II study conducted by
e and colleagues [7] evaluated the efficiency and safety of lobaplatin
lus 5-fluorouracil as induction chemotherapy followed by
baplatin-radiotherapy in locoregionally advanced NPC patients.
that study, Ke and colleagues [7] suggested that lobaplatin-based
emotherapy combined with radiotherapy presented promising
titumor effects with tolerable toxicities. However, few studies
ported maximum tolerated dose (MTD) of lobaplatin as a single
ent combined with radiotherapy among an Asian population.
To date, a phase I clinical trial conducted among a Western
pulation established the MTD of 50 mg/m2 for lobaplatin
emotherapy [8]. Considering tolerance differences between Asian
d Western populations given the same doses of agent, the
baplatin dose may not be applicable to Asian patients. Therefore,
dose escalation trial was conducted to determine MTD of lobaplatin
a single agent combined with concurrent IMRT in a Chinese
pulation with locoregionally advanced NPC.
to
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articipants
Patients were included in this clinical trial if they were pathologically
agnosed type II or III NPC in accordance with the World Health
rganization; ages 18-65 years; stage III-IVb; 0 or 1 Eastern
ooperativeOncology Group performance status (ECOGPS);marrow
nditions (white blood cell count ≥4.0 × 109/l; absolute neutrophil of
0 × 109/l; hemoglobin concentrations ≥90 g/l; platelet ≥10 × 109/l);
rmal cardiopulmonary function; satisfactory hepatic function (total
lirubin and alanine aminotransferase b2 times the normal values); and
tisfactory renal function (creatinine b1.5 times the normal value). If
tients had distant metastasis, previous malignant disease, or
eviously received therapy for NPC, they were excluded. We excluded
tients if they were pregnant or breastfeeding, had serious
morbidities, or had cardiac disease that was unstable and required
eatment.
Fifth Affiliated Hospital of Sun Yat-sen University's institutional
view board approved the study protocol. All patients provided
formed consent prior to participation. The present clinical trial was
gistered with the Chinese Clinical Trials Registry (registration
mber: NCT03188497).

retreatment Evaluation
All Patients included in the study had undergone pretreatment
aluations consisting of full medical history and physical examina-
on, nasopharynx and neck magnetic resonance imaging, abdominal
nography, chest radiography, and bone scan or whole-body
orodeoxyglucose positron emission tomography. Additionally, we
llected information from tests on renal and liver function tests and
mplete blood count. We staged patients in accordance to
ternational Union Against Cancer/American Joint Committee on
ancer staging system for NPC (seventh edition, 2009) based on
inical and radiography data [9].

rial Design and Treatment Assessment
The present study was a phase I single-arm clinical trial on dose
calation. Each group in this study contained a minimum of three
tients. Our main study end point was MTD of lobaplatin combined
ith concurrent IMRT for stage III-IVb NPC treatment, and our
condary end points were DLT and tumor response rates. Utilizing the
esponse Evaluation Criteria in Solid Tumors version 1.1, we recorded
mor responses [10] where first assessment was 12 weeks following
diotherapy. For evaluations, magnetic resonance imaging results were
ed as the primary image-based evidence. The evaluation of acute toxic
fects was based on the Common Terminology Criteria for Adverse
vents version 4.0.
he Definition of DLT and MTD
eriods from 1 week prior to the chemotherapy initiation to 3 weeks
ter the last chemotherapy were defined as DLT observation periods.
uring the treatment period, we performed complete blood counts and
ochemistry weekly. If the following events occurred during any cycle
which lobaplatin was administered, we determined DLT: a)

ade ≥ 3 anemia; b) grade ≥ 3 thrombocytopenia; c) grade ≥ 3
utropenia no less than 5 days, d) grade 3 febrile neutropenia (absolute
utrophil count b1.0 × 109/l, fever ≥38.5°C) despite therapy with
anulocyte colony-stimulating factor; and e) any other grades 3-4
xicity (except alopecia and nausea). MTDwas determined by the dose
at was immediately lower than the dose that produced DLT.

reatment and Dose Escalation
We treated patients with 2.12-2.27 Gy per fraction with five daily
actions each week for 6 to 7 weeks, administered by IMRT. The
mulative radiation doses to the primary tumor were 68-70 Gy and to
sitive cervical lymph nodes were 64-68 Gy. Sites identified as
tential local infiltration and bilateral cervical lymphatics were
radiated to ≥54 Gy. Concurrent chemotherapy regimen consisted of
baplatin administered as a 2-hour intravenous infusion every 3 weeks
r three cycles, starting on the initial date of radiotherapy. An initial
baplatin dose of 25mg/m2 withmodified Fibonacci methodwas used
1] and a following increase of 5 mg/m2 for each group. Participant
rollment gradually progressed from a low-dose group to a high-dose
oup. Treatment specified by the study protocol was provided to
tients. In each group, there were a minimum of three patients. The
llowing dose group was started if DLT did not occur in three cases
ithin the dose group. If a case of DLT occurred in a group, two more
tients were enrolled in the same dose group. Enrollment into
bsequent dose group would only begin in the event the two additional
tients did not experience DLT. In contrast, the trial was terminated if
LT occurred in the two patients additionally included. Moreover, the
ial will also be terminated if at least two cases of DLT initially occurred
a group as well. In the final group, the dosage considered to produce
LT was the dosage used, and MDT was identified as the dosage
mediately lower than the one that produced DLT.

tatistical Analysis
Data for all end points were analyzed in all eligible patients
ho completed protocol treatment. SPSS 18.0 was used to perform
l data analysis, and adverse events were presented with descriptive
atistics.
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Ta le 2. Hematological Toxicities

Ad erse
Ev ts

25 mg/m2 30 mg/m2 35 mg/m2 40 mg/m2 45 mg/m2

Cases, n % Cases, n % Cases, n % Cases, n % Cases, n %

An ia
1 33 2 67 1 33 2 40 1 33

2 2 67 1 33 2 67 3 60 2 67
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Th mbocytopenia
2 67 2 67 2 67 3 60 0 0

2 1 33 1 33 1 33 1 20 1 33
0 0 0 0 0 0 1 20 2 67
0 0 0 0 0 0 0 0 0 0

N tropenia
2 67 1 33 3 100 4 80 2 67

2 1 33 2 67 0 0 1 20 1 33
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Le openia
2 67 0 0 2 67 3 60 1 33

2 1 33 3 100 1 33 2 40 2 67
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Table 3. Nonhematological Toxicities

Adverse
Events

25 mg/m2 30 mg/m2 35 mg/m2 40 mg/m2 45 mg/m2

Cases, n % Cases, n % Cases, n % Cases, n % Cases, n %

Diarrhea
0 3 100 3 100 3 100 5 100 3 100
1-2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
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esults

atient Characteristics
From June 2016 to December 2017, patients were enrolled and
alyzed. Table 1 shows the characteristics of these patients. The
udy population included 7 female patients and 10 male patients
here the median age was 48 years (range: 27-64). The body surface
eas of the patients ranged from 1.36 to 1.98 m2 (median, 1.77 m2).
e observed 11 cases (65%) of stage III, 4 cases (24%) of stage IVa,
d 2 cases (12%) of stage IVb. Median radiation dose was 69.2 Gy
ange 68-70 Gy). We did not identify any cases of lost to follow-up
00%) until March 5 2018.

etermination of MTD
The first three enrolled patients were administered an initial
baplatin dose of 25 mg/m2; however, among these patients, DLT
d not occur (Table 2). The remaining three patients were enrolled
the 30-mg/m2 lobaplatin group where DLT did not occur as prior.
he three patients in the third group were enrolled in 35 mg/m2, and
with the prior group, DLT did not occur as well. Subsequently,
ree patients were enrolled in the dose group of 40 mg/m2. In this
oup, DLT (in the form of grade 3 thrombocytopenia) was detected
ter the third course lobaplatin in one case. We consequently
rolled another two patients into the 40-mg/m2 lobaplatin group;
wever, we did not observe any other cases of DLT. Our findings
ggest that this dose is not continuously associated with DLT. In the
xt dose group of 45 mg/m2, three patients were enrolled in
herence with the dose escalation method. At this dose level, grade 3
rombocytopenia was experienced in one patient with a PLT of
× 109/l on day 16 following one cycle of lobaplatin. Grade 3

rombocytopenia with a PLT of 35 × 109/l was experienced in
other patient on day 12 following the second cycle of lobaplatin.
herefore, MTD was determined for tested lobaplatin as single-agent
emotherapy concurrent with radiotherapy as 40 mg/m2 in an Asian
pulation, and the most frequent DLT of lobaplatin is
rombocytopenia.
ble 1. Characteristics of 17 Patients

aracteristic No. of Patients (%)

e, years
Median 48
Range 27-64
nder
Male 10 58.8)
Female 7 (41.2)
dy surface area, m2

Median 1.77
Range 1.36-1.98
stage
T1 4 (23.5)
T2 2 (11.8)
T3 7 (41.2)
T4 4 (23.5)
stage
N0 1 (5.9)
N1 3 (17.6)
N2 11 (64.7)
N3 2 (11.8)
verall stage
III 11 (64.7)
IVa 4 (23.5)
IVb 2 (11.8)
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ompliance and Tumor Response Rates
Among the 17 patients, 48 cycles of lobaplatin were administered.
fty (88%) patients completed 3 lobaplatin cycles, 1 (6%) patient
mpleted 2 lobaplatin cycles, and 1 (6%) patient completed 1
baplatin cycle. In addition, for these two patients who did not
4 0 0 0 0 0 0 0 0 0 0
usea
0 3 100 3 100 3 100 4 80 2 67
1-2 0 0 0 0 0 0 1 20 1 33
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
miting
0 3 100 3 100 3 100 4 80 3 100
1-2 0 0 0 0 0 0 1 20 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
matitis (mucositis)
0 0 0 0 0 0 0 0 0 0 0
1-2 2 67 3 100 2 67 2 40 1 33
3 1 33 0 0 1 33 3 60 2 67
4 0 0 0 0 0 0 0 0 0 0
ansaminases
0 3 100 3 100 3 100 5 100 3 100
1-2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
phrotoxicity
0 3 100 3 100 3 100 5 100 3 100
1-2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
otoxicity
0 3 100 3 100 3 100 5 100 3 100
1-2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
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mplete three cycles of lobaplatin, we subsequently used cisplatin
0 mg/m2 for 4 hours on day 1 intravenously, once every 3 weeks)
stead of lobaplatin to complete the remaining chemotherapy.
hrombocytopenia, leukopenia, and anemia were the most commonly
served hematological adverse events (Table 2). As for nonhematolo-
cal events, we that observed vomiting, stomatitis, and nausea were
mmonly logged (Table 3). In addition, tumor response was assessed at
weeks after treatment. Among these patients, we observed 12 (71%)
ses of complete response, 5 (29%) case of partial response, no stable
sease, and no cases of progressive disease cases. Thus, the tumor
sponse rate (complete response + partial response) was 100% (17/17).

iscussion
his is the first study in which MTD of lobaplatin in combination
ith IMRT has been explored in treatment of NPC as first-line
erapy. Our data showed for the examined lobaplatin that MTD was
mg/m2 on day 1 given in weeks 1, 4, and 7 of radiotherapy.

oreover, for treatment of locoregionally advanced NPC, low
cidence of adverse effects was associated with lobaplatin concurrent
ith IMRT, and the treatment achieved a high response rate.
In many cancer types, lobaplatin has exhibited antitumor
operties for lung, breast, colorectal, and cervical cancers [5,6,12,
]. Currently, there are few clinical studies on lobaplatin concurrent
ith IMRT for NPC treatment; however, the MTD of lobaplatin as a
ngle-agent chemotherapy in the Asian population remains unclear.
Phase I clinical trial by Peng and colleagues investigated increase of
baplatin plus fixed-dose docetaxel (60 mg/m2) for recurrent or
etastatic tumors treatment [14]. They suggested that the MTD for
sted lobaplatin was 35 mg/m2, which is lower than that reported in
e present study (40 mg/m2). Inconsistency is potentially attributed to
fferences between patients enrolled in the study [14] in comparison to
e present. For this study, eligible patients were only those who were
eatment-naive. In comparison, patients in Peng et al. [14] were
ministered intensive chemotherapy before disease recurrence,
tentially reducing patients' tolerance to salvage chemotherapy.
nother possible reason for lower MTD of lobaplatin in the study by
eng et al. [14] is that the combination regimen of lobaplatin and
cetaxel had the additive effect of chemotherapy toxicity, which may
sult in the reduction of the MTD of lobaplatin in their study.
In Germany, Fiebig and colleagues reported that the tolerated dose
lobaplatin was 50 mg/m2 in a Western population [8]. As
mpared with Fiebig's study, the tolerated dose of lobaplatin in the
rrent study was much lower (40 mg/m2). The primary reason may
due to ethnic differences and the different tolerances for lobaplatin
tween Asian and Western populations. To support this, previous
udies [15,16] have demonstrated that the tolerated doses of
emotherapy among Asian populations are comparable to 70%-
0% of corresponding doses in Western populations. This
enomenon can potentially be explained in Asian populations, as
ere is a lack of CYP3A isoenzymes. Among lower active metabolites,
ese enzymes are a part of chemotherapy metabolism [17].
Regarding toxicity, we found that the most frequent DLT of
baplatin is thrombocytopenia; similar findings were reported by
elink et al. [18] in a previous series. In the current study, among the
-mg/m2 lobaplatin group, two out of three patients experienced
ade 3 thrombocytopenia, while no grade 3-4 thrombocytopenia was
served among patients treated with lobaplatin less than 40 mg/m2;
is may indicate that the occurrence of lobaplatin-induced
yelosuppression primarily correlated with the lobaplatin dose.
dditionally, no grade 3-4 nausea or vomiting was detected, which
ay elevate patient compliance to achieve chemotherapy. In addition,
gh-volume fluid infusion is not required during chemotherapy due
lobaplatin having limited renal toxicity [18], which may shorten
patient period allowing patients with either cardiac, renal, or
sfunction to be administered lobaplatin.
In the present study, tumor response rate of NPC patients treated
ith lobaplatin concurrent with IMRT was 100%. Considering our
search design type, we could not draw any conclusions whether
baplatin could be used as a candidate for cisplatin directly.
owever, Zhang et al. [19] reported excellent short-term outcomes in
gh-risk NPC patients for combined lobaplatin and docetaxel as
oadjuvant chemotherapy with concurrent lobaplatin and IMRT.
nother study [20] reported that the tumor response rate of
baplatin plus docetaxel was 67.6%, which is similar with cisplatin
us docetaxel (response rate, 61.5%) in recurrent andmetastatic NPC.
his may suggest that lobaplatin could be used as a candidate for cisplatin
the future. Similarly, a randomized control trial conducted byWang et
. [3] suggested a comparable response rate for cervical cancer stage II and
I in accordance with FIGO staging system between cisplatin- and
baplatin-based chemoradiotherapy (100% vs. 100%). Though it is
fficult to directly compare our findings with other clinical trials,
baplatin combined with concurrent radical IMRT provides an
couraging tumor response rate in the current study. However, we
ill need to enroll more patients and follow up patients closely to fully
aluate both survival and toxic effects.
In summary, lobaplatin plus IMRT given every 21 days for 3 cycles
owed a positive effect for locoregionally advanced NPC treatment.
ur results suggested that the MTD of lobaplatin was 40 mg/m2 in
hinese population, and the most common and frequent DLT of
baplatin is thrombocytopenia. Further studies are needed to
nfirm our observed findings and long-term efficacy.
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