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Abstract 
Purpose: Several studies have shown that fluoropyrimidine plus oxaliplatin 
(SOX) is non-inferior to fluoropyrimidine plus cisplatin as first-line chemo-
therapy for advanced gastric cancer. We investigated retrospectively the 
choice of second-line regimen, along with the proportion and feasibility of 
paclitaxel-containing regimen, in the subsequent treatment of patients with 
advanced gastric cancer treated with SOX as first-line chemotherapy. Mate-
rials and Methods: We retrospectively analyzed the impact of oxalipla-
tin-induced neuropathy on both the choice of subsequent regimens and fea-
sibility of subsequent chemotherapy with paclitaxel, focusing on patients with 
advanced gastric cancer who received S-1 plus oxaliplatin as first-line che-
motherapy. Results: Twenty-seven from a total of 31 patients enrolled into 
the phase 2 and phase 3 study assessing S-1 plus oxaliplatin were analyzed (4 
patients were deemed ineligible). Among 24 patients that had received 
second-line treatment, paclitaxel was not selected in 2 patients due to oxalip-
latin-induced neuropathy. Paclitaxel was selected as second-line chemothe-
rapy in 16 patients, as third-line chemotherapy in 6 patients and fourth-line 
chemotherapy in one patient. Severity of sensory neuropathy was grade 0/1/2/3 
in 11/10/2/0 patients, respectively, immediately before treatment with pacli-
taxel, while the worst toxicity profile during paclitaxel treatment was grade 
0/1/2/3 in 7/13/1/2 patients, respectively. Although there were no patients 
requiring dose reductions of paclitaxel due to neuropathy, 2 patients discon-
tinued paclitaxel use due to grade 3 sensory neuropathy after 4 or 8 adminis-
trations of paclitaxel. Conclusion: Oxaliplatin-induced neuropathy during 
first-line chemotherapy may affect the choice and feasibility of subsequent 
chemotherapy with paclitaxel in advanced gastric cancer patients. 
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1. Introduction 

Gastric cancer is one of the major causes of death and the second leading cause 
of cancer death in the world [1]. Despite remarkable improvement in treatment 
options, there are approximately 50,000 deaths per year from gastric cancer in 
Japan [2]. Most patients with gastric cancer are found to have advanced disease, 
with few patients having opportunities for surgery at time of diagnosis. Palliative 
systemic chemotherapy of advanced gastric cancer has been proven to improve 
survival and quality of life, compared to best supportive care [3] [4] [5]. Combi-
nation chemotherapy as first-line treatment provides better survival and quality 
of life than single agent chemotherapy, and it is accepted as the standard of care 
[6] [7]. Doublet combination chemotherapy with S-1 plus cisplatin has been 
commonly used in patients with advanced gastric cancer as first-line chemothe-
rapy in Japan [8]. Yamada et al. reported that S-1 plus oxaliplatin (SOX) was 
non-inferior to S-1 plus cisplatin in terms of effect on progression-free survival 
[9]. Other studies have also reported that oxaliplatin-containing regimens for 
advanced gastric cancer as first-line chemotherapy are feasible and effective [10] 
[11] [12]. 

One of the major causes for dose reduction or treatment discontinuation with 
oxaliplatin-containing regimen is neuropathy. Among patients that have re-
ceived oxaliplatin-containing regimen, grade 3 neuropathy has been observed to 
be manifested in 12.4% - 18.2% patients [13] [14]. A recent phase 3 study using 
SOX in patients with advanced gastric cancer reported that the incidence of 
neuropathy was 85.5% for all grades and 4.7% for grade 3 [9]. Moreover, chronic 
oxaliplatin-induced neuropathy has been shown to persist in about 60% of pa-
tients even after discontinuation [15].  

Paclitaxel is recognized as one of the most effective antitumor agents for gas-
tric cancer and has been proven to mediate a survival benefit as second-line 
chemotherapy [16] [17]. A number of patients receive paclitaxel in the subse-
quent lines of chemotherapy after oxaliplatin-containing regimen. However, similar 
to oxaliplatin-containing regimen, neuropathy occurs frequently and causes treat-
ment interruption in 5% - 35% of patients during the use of paclitaxel [15] [18] 
[19]. It has been previously reported that risk factors for taxane-induced neuro-
toxicity are preexisting neuropathy and treatment with other neurotoxic agents 
[19] [20] [21]. Considering the poor prognosis of patients with advanced gastric 
cancer, the choices of chemotherapy should be based not only on efficacy but 
also on toxicity. It is anticipated that persistent neuropathy after prior oxalipla-
tin use may influence the feasibility of subsequent chemotherapy with paclitaxel, 
as well as the efficacy thereof.  
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However, there are only a few reports regarding the influence of toxicity from 
first-line chemotherapy on the choice and feasibility of the second-line chemo-
therapy. We investigated retrospectively the choice of second-line regimen, 
along with the proportion and feasibility of paclitaxel-containing regimen, in the 
subsequent treatment of patients with advanced gastric cancer treated with SOX 
as first-line chemotherapy.  

2. Materials and Methods 

Patients 
The source of this study was 31 patients with unresectable or recurrent gastric 

cancer treated with SOX as first-line chemotherapy who participated in clinical 
trials paclitaxel after SOX at the National Cancer Center Hospital (NCCH), Ja-
pan, between 2007 and 2015. We retrospectively investigated the medical records 
of the patients. S-1 was given orally twice daily for the first 2 weeks of a 3-week 
cycle and the dose was 80 mg/day for body surface area (BSA) < 1.25 m2, 100 
mg/day for BSA ≥ 1.25 m2 to <1.5 m2, and 120 mg/day for BSA ≥ 1.5 m2. Oxalip-
latin at 100 mg/m2 was infused for 2 hours intravenously on day 1 of each cycle 
[9] [22].  

Subsequent paclitaxel therapy 
Paclitaxel at 80 mg/m2 was administered intravenously over one hour on days 

1, 8, and 15, every 4 weeks. Treatment was continued until disease progression, 
the occurrence of unacceptable toxicities, or the patient’s refusal of continued 
treatment. Weekly administration was skipped if the neutrophil count was 
<1000/mm3, the platelet count was <75,000/mm3, or if intolerable grade 2 or 
more non-hematological toxicities were observed on the planned treatment day. 
Dose of paclitaxel was reduced to 60 mg/m2 when the neutrophil count was 
<500/mm3, the platelet count < 25,000/mm3, or ≥ grade 3 non-hematological 
toxicity was observed. Administration was discontinued when further dose re-
duction was required.  

Evaluation and statistical analysis 
Information on patient demographics, reasons for discontinuance of first-line 

chemotherapy, treatment choice, and severity of neuropathy immediately before 
and during paclitaxel use, along with information on other adverse events, dose 
reduction and treatment discontinuation, were retrospectively collected by re-
viewing the medical records. Adverse events were evaluated according to the 
Common Terminology Criteria for Adverse Events, version 4.0. Tumor assess-
ment was usually performed every 6 to 8 weeks by computed tomography. Ob-
jective responses were calculated based on the best response according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) ver 1.1. Progression-free 
survival (PFS) was defined from the date of initial treatment to the date of dis-
ease progression or death, whichever came first. If a patient had not progressed 
or died, PFS was censored at the time of the last follow-up. Survival was esti-
mated by the Kaplan-Meier method. The association with neuropathy due to 
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SOX and paclitaxel administration were analyzed with the Chi-square test or 
Fisher’s exact test. All statistical analyses were performed using JMP 11 (SAS 
Institute Inc., Cary, NC, USA). 

3. Results 

Patient characteristics 
The subjects of this study were 31 patients with advanced gastric cancer, of 

whom 21 patients were assigned to SOX in a phase 3 study and 10 patients were 
enrolled in a phase 2 study of SOX (Figure 1). One patient who had received 
methotrexate for rheumatoid arthritis was excluded in accordance with the clin-
ical trial protocol, and 3 patients did not receive any treatment after SOX 
(treatment-related death during SOX in 1 patient, complete response in 1 and 
complete resection in 1). Therefore, 27 patients were analyzed in this study. Pa-
tient characteristics of this cohort are shown in Table 1. Reasons for treatment 
discontinuation of first-line SOX were progressive disease in 21 patients, adverse 
events in 5 (hematological toxicities in 3, pulmonary embolism in 1, and liver 
dysfunction in 1) and a patient’s refusal for continuance of treatment in 1. The 
median cumulative oxaliplatin dose was 650 mg/m2 (range, 100 - 1375 mg/m2). 
Thirteen patients had grade 0 neuropathy, while 10 had grade 1 and 4 had grade 
2 at the time of discontinuation of SOX. 

Second-line chemotherapy after failure of SOX 
Among 27 patients who discontinued chemotherapy with SOX due to disease 

progression and adverse events, 24 patients received second-line chemotherapy, 
2 patients received best supportive care, and one patient stopped hospital visits 
after SOX therapy. Among 24 patients that received second-line chemotherapy, 
2 patients did not select paclitaxel due to grade 2 oxaliplatin-induced neuropa-
thy; one patient received docetaxel, and the other one received irinotecan. The 
association between neuropathy grade after SOX and subsequent chemotherapy 
is shown in Figure 2. The choice of second-line paclitaxel was 82% (n = 9/11) in 
the grade 0 neuropathy group and 54% (n = 7/13) in the grade 1 or 2 neuropathy  
 

 
Figure 1. CONSORT diagram. 
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Table 1. Patient characteristics. 

Characteristics n 

Gender  

Male 22 

Female 5 

PS  

0 14 

1 13 

Histological type  

Intestinal 11 

Diffuse 15 

Unknown 1 

Number of metastatic sites  

1 3 

2 16 

≥3 8 

Disease status  

Stage IV 20 

Recurrence 7 

HER2 status  

Positive 2 

Negative 12 

Unknown 13 

Cumulative oxaliplatin dose  

Median (range), mg/m2 650 (100 - 1375) 

 

 
Figure 2. Association between neuropathy grade after S-1 plus oxaliplatin and subse-
quent chemotherapy. 
 
group, with no significant difference found with the Fisher’s exact test (p = 0.21). 
While most patients (85%) received paclitaxel as the subsequent chemotherapy 
after the first-line SOX treatment, two patients with oxaliplatin-induced grade 1 
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or 2 neuropathy did not receive paclitaxel at all during the whole treatment line.  
Safety of subsequent paclitaxel after SOX 
Among 24 patients that received subsequent chemotherapy after failure of 

SOX, paclitaxel was administered in 23 patients (96%): second-line chemothe-
rapy was given in 16 patients, third-line in 6 patients, and fourth-line in one pa-
tient. Neuropathy grade before and after administration of paclitaxel is shown in 
Table 2. Although there were no patients that required dose reductions of pacli-
taxel due to neuropathy, two patients discontinued paclitaxel due to grade 3 
sensory neuropathy: pre-existing grade 2 oxaliplatin-induced neuropathy in one 
patient worsened to grade 3 after 4 times of second-line paclitaxel, and in the 
remaining one patient pre-existing grade 1 oxaliplatin-induced neuropathy wor-
sened to grade 3 after 8 times of third-line paclitaxel. The number of administra-
tions of paclitaxel and grades of neuropathy in second-line and third-line che-
motherapy are shown in Figure 3 and Figure 4. X-axis shows the number of 
cycles of paclitaxel administration and Y-axis represents patients’ numbers in each 
figure. The median number of administrations was 5.5 times (Table 3). Relative 
 
Table 2. Association between neuropathy and paclitaxel. 

Neuropathy 

2nd-line PTX 
n = 16 

3rd-line PTX 
n = 6 

4th-line PTX 
n = 1 

before after before after before after 

Grade 0 9 5 2 2 0 0 

Grade 1 6 10 3 3 1 1 

Grade 2 1 0 1 0 0 0 

Grade 3 0 1 0 1 0 0 

 

 
Figure 3. Neuropathy grade after second-line paclitaxel. 
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Figure 4. Neuropathy grade after third-line paclitaxel. 
 
Table 3. Second-line paclitaxel and neuropathy grade. 

Pt. no 
Cumulative oxaliplatin 

dose (mg/m2) 

Neuropathy (Grade) 
Total administration 

number of PTX Before PTX  
administration 

After PTX  
administration 

1 700 2 3 4 

2 500 0 0 1 

3 900 1 1 4 

4 400 0 1 6 

5 900 0 0 14 

6 800 1 1 1 

7 1375 1 1 5 

8 700 1 1 9 

9 600 1 1 2 

10 100 0 0 7 

11 628 0 1 9 

12 500 0 0 2 

13 1000 0 1 13 

14 100 0 0 3 

15 300 0 1 16 

16 600 1 1 9 

 
dose intensity was calculated as 52.2 mg/m2/week, which corresponded to 87% 
of the planned dose. Neuropathy grade before second-line paclitaxel had few in-
fluence on dose intensity and median number of administrations (Table 4). 
Among 16 patients who received paclitaxel as second-line chemotherapy, 3 pa-
tients (19%) discontinued treatment due to adverse events; one patient had 
grade 3 sensory neuropathy, another developed pneumonitis related to paclitaxel 
and the other had severe lung infection that was unlikely to be related to pacli-
taxel.  

Efficacy of subsequent paclitaxel 
With a median follow-up of 13.8 months (range, 2 - 31), one patient was lost 

to follow-up. Among 16 patients that received second-line paclitaxel, 11 patients 
had measurable lesions of whom two (18%) experienced a partial response, while 
no patients experienced a complete response. The median PFS in patients re-
ceiving second-line paclitaxel was 2.7 months (95% CI, 1.6 - 4.9) (Figure 5). 
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Table 4. The influence of neuropathy grade before second-line paclitaxel on dose inten-
sity. 

Neuropathy before 
PTX administration 

Number of patients 
Median PTX dose intensity 

(mg/m2/week) 
Median administration  

number of PTX 

Grade 0 7 52.4 7 

Grade 1/2 9 50.4 4 

 

 
Figure 5. Kaplan-Meier curve of progression-free survival in the case of second-line pac-
litaxel. 

4. Discussion 

This study investigated the impact oxaliplatin-induced neuropathy on subse-
quent chemotherapy and the tolerability of weekly paclitaxel in patients with 
advanced gastric cancer treated with SOX. We revealed that paclitaxel-contaning 
regimens could be selected after SOX despite neurotoxicity of oxaliplatin.  

In a pivotal phase III study (G-SOX trial), taxanes-containing regimens was 
selected as a second-line chemotherapy in 131 (50.2%) out of 261 patients assigned 
to the SOX arm and in 102 (37.9%) out of 269 patients assigned to the S-1 plus 
cisplatin (CS) arm. In our study, 16 (67%) out of 24 patients received second-line 
paclitaxel after failure of SOX. Two patients (8%) did not receive weekly paclitaxel 
because of oxaliplatin-induced neuropathy in our study. Oxaliplatin-induced 
neuropathy may impact the choice of subsequent chemotherapy with paclitaxel 
in patients with advanced gastric cancer, although the reasons for choice of 
second-line chemotherapy remains to be investigated, with a future clinical trial 
comparing the use of CS and SOX in this setting being merited.  

The median number of second-line weekly paclitaxel administrations was 5.5 
times in our study. Relative dose intensity was calculated as 52.2 mg/m2/week, 
which corresponded to 87% of the planned dose. These results were similar to 
those of a previous phase III study (WJOG4007). Hironaka et al. reported that 
the median number of second-line weekly paclitaxel was 6 (range, 1 - 44) and the 
dose intensity was calculated as 55 mg/m2 per week (which corresponded to 92% 
of the planned dose) [23]. On the other hand, the discontinuation of weekly pac-
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litaxel as second-line chemotherapy in our study (19%) was higher compared to 
that observed in the WJOG4007 study (6%). First-line oxaliplatin-based chemo-
therapy might have an influence on the feasibility of weekly paclitaxel as 
second-line treatment, when comparing the rate of discontinuation observed in 
previous studies with our data. However, in respect to the dose intensity levels 
and median number of administrations described above, in our study, the feasi-
bility of paclitaxel was not inferior to that observed in previous studies.  

It is important to note the limitations of the present study. Firstly, the sample 
size was small as the use of oxaliplatin for the treatment of gastric cancer was not 
reimbursed until September 2014 in Japan. Accordingly, a large observational 
study is now needed to clarify the impact of oxaliplatin-induced neuropathy on 
subsequent chemotherapy and the tolerability of weekly paclitaxel in patients 
with advanced gastric cancer treated with SOX. Secondly, although paclitaxel, 
docetaxel or irinotecan could be selected as a standard second-line chemothera-
py at that time, a new standard second-line chemotherapy with paclitaxel and 
ramucirumab had emerged. Physicians must face this decision regarding selec-
tion or not of paclitaxel after failure of oxaliplatin-based chemotherapy. There-
fore, physicians may possibly select paclitaxel plus ramucirumab, even if the pa-
tient has oxaliplatin-induced neuropathy. 

5. Conclusion 

Weekly paclitaxel seems to be feasible in patients with advanced gastric cancer 
treated with SOX as first-line chemotherapy. However, its use may have influ-
ence on the selection of agents used as second-line chemotherapy.  
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