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ABSTRACT

Chemotherapy-induced neutropenia (CIN) reportedly indicated better prognosis
for some cancers. We retrospectively analyzed 150 evaluable metastatic gastric
cancer (MGC) patients who had received first-line EOF5 (combination regimen of
epirubicin, oxaliplatin and 5-day continuous infusion of 5-fluorouracil) treatment. We
divided patients into three groups according to the worst grade of CIN: absent group
(grade 0), moderate group (grade 1-2) and severe group (grade 3-4). Multivariate
analyses of overall survival (OS) proved moderate and severe CIN were important
prognostic factors whether regarding CIN as a time-varying covariate (TVC) or not.
Compared with absent CIN, hazard ratio (HR) for moderate and severe CIN were 0.31
(95% confidential interval (CI): 0.17-0.55; P < 0.001) and 0.36 (95% CI: 0.20-0.64;
P = 0.001) respectively with TVC; and were 0.31 (95% CI: 0.17-0.56; P < 0.001)
and 0.34 (95% CI: 0.19-0.61; P < 0.001) respectively without TVC. In progression-
free survival (PFS) analyses, moderate and severe CIN showed similar resuilts. In
the landmark group (n = 122 patients) analyses with TVC, moderate and severe CIN
remained prognostic factors for PFS, while only moderate CIN was prognostic factor
for OS. CIN predicted longer OS and PFS in MGC patients treated with first-line EOF5
chemotherapy.

Identification of factors that predict efficacy in order to
improve clinical outcome is necessary.

Reportedly, chemotherapy-induced neutropenia
(CIN) was a predictor of longer survival in various types of
cancer [4-9]. Possibly, CIN signified an adequate dose of
anti-tumor drugs. However, patients have been receiving
body surface arca (BSA)-based standard dosages, which
were established by small-scale dose-finding trials. Thus

INTRODUCTION

Gastric cancer is the fourth most common malig-
nancy and the second most common cause of cancer-
related death worldwide [1], and currently no standard
first-line treatment regimen for gastric cancer is in place.
For decades, fluoropyrimidine and platinum-based dual or
triplet therapies have been the most widely used regimens

for metastatic gastric cancer (MGC). The combination
of epirubicin, cisplatin and 5-fluorouracil (ECF) and
its modifications have shown efficacy and manageable
toxicity [2], but only about 50% patients respond to it [3].

standard dosages may be too small for optimal efficacy in
some patients, or too large to avoid unnecessary adverse
effects in others [10]. And Bergh J ef al’s study strongly
supported individualized toxicity tailored chemotherapy,
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with a superior clinical outcome to routine chemotherapy
in that study [11].

Since 2005, we performed two studies—a pilot study
and an extended-sample phase II study—to evaluate the
efficacy and toxicity of the EOF5 regimen (combination
of epirubicin, oxaliplatin and 5-day continuous infusion
of S5-fluorouracil), a modification of ECF regimen. Our
results indicated that EOF5 was an effective regimen with
mild toxicity, and was a suitable first-line treatment for
MGC [12, 13]. To identify whether CIN was associated
with better clinical outcomes, and whether it could be
used to optimize treatment schedules in MGC patients
who received EOF5 regimen as first-line treatment, we
conducted this retrospective study.

RESULTS

Patients’ characteristics and CIN

Among all 150 patients, 30 patients (20%) did
not experience CIN (grade 0), 54 patients (36.0%)
developed moderate CIN (grade 1-2), and 66 patients
(44.0%) developed severe CIN (grade 3—4). Of the 120
patients who developed CIN, the highest grade of CIN
occurred during the first cycle in 28 patients, the second
cycle in 32 patients, the third cycle in 21 patients, the
fourth cycle in 19 patients, the fifth cycle in 9 patients
and the sixth cycle in 11 patients; thus 83% went
through their severest CIN within 4 cycles. The median
relative dose-intensity (RDI) was 0.90, indicating good
compliance of EOF5 treatment. Characteristics of the
study population stratified by their worst CIN grade were
shown in Table 1. The groups did not significantly differ
in initial characteristics. The median number of cycles
of EOF5 administrated in the absent neutropenia group
(4, range 1-7) was lower than that in the moderate group
(6, range 2—8) or severe group (6, range 2—8), but the RDI
was higher in the absent group.

Kaplan-Meier survival analyses according to the
worst grade of CIN

The median overall survival (OS) of absent,
moderate and severe group was 6.83 months (95%
confidential interval (CI) 5.31-8.35), 19.07 months
(95%CI 13.93-24.21) and 11.33 months (95%CI 8.20—
16.94), respectively (Figure 1A). Furthermore, the median
progression-free survival (PFS) of absent, moderate, and
severe group was 3.10 months (95%CI 2.18-4.02), 7.90
months (95%CI 4.94-11.31) and 6.07 months ((95%CI
5.51-6.63), respectively (Figure 1B). These results
supported experience of CIN was associated with better
prognosis.

Association of CIN and OS adjusted with other
variables

Univariate Cox analyses suggested that low/
undifferentiated tumors, liver metastasis, lung metastasis,
ascites and/or pleural effusion, baseline hemoglobin less
than median (120 g/L), and absent CIN were associated
or tended to be associated with higher risk of death
(P < 0.1; Table 2). The hazard ratio (HR) for moderate,
severe CIN relative to absent CIN was 0.43 (95%
CI: 0.24-0.75; P = 0.003), 0.59 (95% CI: 0.35-1.01;
P =0.053), respectively.

After a stepwise backward elimination of those
6 potential prognostic factors in a multivariate model,
4 covariates remained significantly: absent CIN, liver
metastasis, lung metastasis, and ascites and/or pleural
effusion. Both moderate and severe CIN favored
significantly longer OS than did absent CIN, with HR
of 0.31 (95% CI: 0.17-0.56, P < 0.001), and 0.34 (95%
CI: 0.19-0.61; P < 0.001), respectively. When CIN was
treated as a time-varying covariate (TVC), absent CIN,
liver metastasis, lung metastasis, and ascites and/or pleural
effusion remained significant prognostic factors. The HR
for moderate, severe CIN compared with absent CIN was
0.31 (95% CI: 0.17-0.55; P <0.001), 0.36 (95% CI: 0.20—
0.64; P =10.001), respectively.

Association of CIN and PFS adjusted with other
variables

Univariate Cox regression analyses identified
6 covariates as potentially favorable prognostic factors for
PFS (P <0.1; Table 3): moderate or severe CIN, moderate/
highly differentiated tumors, heterochronous metastasis,
no ascites and/or pleural effusion, baseline hemoglobin >
median (120 g/L), and baseline platelet count > median
(241 x 10%/L; Table 3).

In multivariate Cox regression analysis, CIN
remained significant, as did heterochronous metastasis,
and ascites and/or pleural effusion. Compared with
absent CIN, the HR for moderate CIN was 0.21 (95%
CI: 0.12-0.37; P < 0.001), and for severe CIN was 0.23
(95% CI: 0.14-0.39; P < 0.001), indicating longer PFS for
patients with moderate CIN or severe CIN. In multivariate
regression analysis that treated CIN as a TVC, moderate/
severe CIN, heterochronous metastasis, and no ascites or
pleural effusion remained associated with improved PFS.
Compared with absent CIN, the HR for moderate CIN and
severe CIN was 0.23 (95% CI: 0.13-0.40; P < 0.001), and
0.29 (95% CI: 0.17-0.50; P < 0.001), respectively.

Survival analyses in the landmark cohort

At last, we conducted landmark analyses,
limiting to 122 patients who received at least four
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Table 1: Patients’ characteristics according to the highest grade of CIN developed during first-line

chemotherapy
Features All, n (%) Absent Moderate Severe P value
(grade 0), (grade 1-2), (grade 3—4),
n (%) n (%) n (%)
CIN 150 (100.0) 30 (20.0) 54 (36.0) 66 (44.0)
Age (years) < median 84 (56.0) 17 (56.7) 34 (63.0) 33 (50.0) 0.362
Median age: 52y 5 1 cdjan 66 (44.0) 13 (43.3) 20 (37.0) 33 (50.0)
Sex Male 92 (61.3) 21 (70.0) 37 (68.5) 34 (51.5) 0.090
Female 58 (38.7) 9 (30.0) 17 (31.5) 32 (48.5)
. s Low/
Differentiat
g;a(;?:en iation undifferentiated 98 (65.3) 22 (73.3) 30 (55.6) 46 (69.7)
Moderate/high 15 (10.0) 1(3.3) 8 (14.8) 6(9.1) 0.309
Unclassified 37 (24.7) 7 (23.3) 16 (29.6) 14 (21.2)
Synchronous Presence 124 (82.7) 27 (90.0) 45 (83.3) 52 (78.8) 0.399
metastasis '
Absent 26 (17.3) 3 (10.0) 9(16.7) 14 (21.2)
Liver metastasis | NO 87 (58.0) 14 (46.7) 33 (61.1) 40 (60.6) 0.372
Yes 63 (42.0) 16 (53.3) 21 (38.9) 26 (39.4)
Yes 13 (8.7) 3 (10.0) 4(7.4) 6(9.1)
Ascites and/or No 111 (74.0) 23 (76.7) 42 (77.8) 46 (69.7) 0.564
pleural effusion :
Yes 39 (26.0) 7(23.3) 12 (22.2) 20 (30.3)
Baseline < Median 77 (51.3) 11 (36.7) 28 (51.9) 38 (57.6)
hemoglobin
Median Hb: 120 0.164
g/L, > Median 73 (48.7) 19 (63.3) 26 (48.1) 28 (42.4)
Baseline platelet |< Median 75 (50.0) 11 (36.7) 25 (46.3) 39 (59.1)
count Median
count: 241 x 0.100
10%L > Median 75 (50.0) 19 (63.3) 29 (53.7) 27 (40.9)
No. of cycles of EOF5S
administrated: median (range) o= D= o) =)
Relative dose-intensity: median 0.90 0.93 0.90 0.89

cycles of chemotherapy and were alive 90 days
after initiating EOF treatment (Table 4). When
treating CIN during that period as a baseline feature
adjusted with other variables, moderate and severe
CIN favored significantly longer PFS in comparison
to absent CIN, with an HR of 0.35 (95% CI:
0.20-0.64; P = 0.001), 0.43 (95% CI: 0.23-0.81;
P =0.009), respectively. But moderate/severe CIN
showed no association with OS.

When considering CIN as a TVC adjusted with other
variables in landmark analyses, both moderate CIN (HR:
0.24; 95% CI: 0.12-0.48; P < 0.001) and severe CIN (HR:
0.31; 95% CI: 0.16-0.62; P = 0.001) were identified as
a favorable prognostic factors for PFS. In OS analyses,
moderate CIN favored significantly longer OS, with an
HR 0f 0.44 (95% CI: 0.21-0.95; P = 0.035), while severe
CIN showed no significant advantage (HR: 0.66; 95% CI:
0.32-1.38; P=0.267).
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Figure 1A: Kaplan-Meier survival curves by patients’ worst grade of chemotherapy-induced neutropenia. Median
overall survival, absent group: 6.83 months (95%CI 5.31-8.35); moderate group: 19.07 months (95%CI 13.93-24.21); and severe group:

11.33 months ((95%CI 8.20—16.94), respectively.

Clinical outcomes of patients without CIN and
with grade 1 CIN during first two cycles

Totally 49 patients did not develop CIN during the
first two cycles of treatment, and among these patients,
30 (61.2%) did not developed CIN during the following
cycles of treatment, and only 6 patients (12.2%) developed
grade 3 CIN (no grade 4 CIN). Those who developed
grade 1 CIN within the first 2 cycles were likely to have
longer survival than those with no CIN (HR: 0.56; 95%
CI: 0.31-1.03; P =0.060), and had a significantly longer
PFS (HR: 0.50; 95% CI: 0.30-0.84; P = 0.009).

DISCUSSION

In this study, we retrospectively investigated the
relationship between CIN and clinical outcome in MGC

patients who received EOFS5 treatment as first-line therapy,
showing that experience of CIN predicted longer survival
and PFS compared with no CIN. However, the prognostic
role of neutropenia has seldom been reported in a triple-
combined regimen for MGC patients.

Issues about the statistical methods were concerned.
Actually, patients who survived longer received more
cycles of EOF chemotherapy, and thus had greater
chances of developing CIN, hence, considering CIN
as a baseline feature could produce a false-positive
association between CIN and overall survival, TVC and
landmark analyses were approaches applied for fear
of this problem [6, 7, 14, 15]. In the present study, the
two methods were employed. We conducted landmark
analyses, limiting to 122 patients who received at least
four cycles of chemotherapy and were alive 90 days after
initiation of EOF treatment, with the highest grade of CIN
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Figure 1B: Kaplan-Meier survival curves by patients’ worst grade of chemotherapy-induced neutropenia. Median PFS,
absent group: 3.10 months (95%CI 2.18-4.02); moderate group: 7.90 months (95%CI 4.94—11.31); and severe group: 6.07 months ((95%CI

5.51-6.63), respectively.

during that period as a baseline feature. However, some
patients continued to receive EOF chemotherapy after four
cycles unless disease progression or intolerable toxicity
happened, which led to late-onset CIN. In the present
study, 20 patients had their worst grade of CIN in the
fifth or sixth cycle of chemotherapy. Consequently, such
landmark analyses ignored the information of those whose
CIN occurred after the landmark. Furthermore, CIN was
considered as a TVC in landmark cohort analyses to adjust
the bias of CIN that occurred after the landmark; those
with moderate CIN had consistently longer OS and PFS
in the landmark cohort TVC analyses.

Our results were consistent with the aforementioned
studies [5—9] in which we found the favorable prognostic
role of CIN. The underlying mechanism of CIN as an
optimistic prognostic factor could be explained, by

that CIN reflected the response of hematopoietic stem
cells to chemotherapy drugs, which depended on drug
concentration partly. Hence, CIN severity could be a
measure of the plasma drug concentration. In other words,
lack of bone marrow suppression might indicate that
a chemotherapy dosage is too low to produce a strong
biological effect.

In addition, severe CIN displayed a consistently
higher HR than moderate CIN in both OS and PFS
analyses, suggesting patients with severe CIN got less
survival benefits from chemotherapy than those with
moderate CIN. Differed from our study, in some previous
studies, patients with severe CIN (grade 3—4) showed a
lower HR than patients with moderate CIN (grade 1-2),
reaping greater survival benefits [6, 15]. Similar with our
study, Han Y ef al. reported that patients with severe CIN
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Table 2: Univariate analyses (UA) and multivariate analyses (MA) of overall survival with or

without time-varying covariate (TVC)

Baseline and clinical features UA without TVC MA without TVC MA with TVC
HR 95% CI P HR 95% CI P HR 95% CI P
Absent 1.00 1.00 1.00
CIN Moderate 0.4310.24-0.75| 0.003 [0.31(0.17-0.56 |<0.001]0.31]0.17-0.55|<0.001
Severe 0.59(0.35-1.01 0.053 ]10.34]0.19-0.61 | <0.001 | 0.36 [ 0.20-0.64 | 0.001
Low/ . 1.00 1.00 1.00
Differentiation undifferentiated
grade Moderate/high 0.5110.25-1.04| 0.065 [0.7210.34-1.50| 0.373 |0.72]0.34-1.50| 0.377
Unclassified 09210.57-1.47|1 0.718 [0.94]10.58-1.55| 0.816 |0.95[0.58-1.55| 0.832
Liver metastasis 1.48 1098223 0.060 [2.55]1.60-4.06|<0.001]|2.54]1.59-4.04]<0.001
Lung metastasis 2.00(1.03-3.89| 0.040 [2.05]1.04-4.05| 0.039 |2.03(1.03-4.01| 0.042
Ascites and/or pleural effusion 2.55(1.63-3.98 | <0.001 |4.09|2.42-6.90|<0.001 |4.06|2.40-6.85]<0.001
ﬁzs.fgj‘f)hem"gl"b‘“ Zmedian ) oo l04s5-1.03| 0070 [0.66]043-1.01] 0.057 |0.66|043-1.02] 0.061

Table 3: Univariate analyses (UA) and multivariate analyses (MA) of progression-free survival

with or without time-varying covariate (TVC)

Baseline and clinical features UA without TVC MA without TVC MA with TVC
HR 95% CI P  HR 95%CI P HR 95%CI P

Absent 1.00 1.00 1.00

CIN Moderate 022 | 0.13-0.38 | <0.001 | 0.21 | 0.12-0.37 | <0.001 | 0.23 | 0.13-0.40 | < 0.001
Severe 0.25 | 0.15-0.42 | <0.001 | 0.23 | 0.14-0.39 | < 0.001 | 0.29 | 0.17-0.50 | < 0.001
L";V./ff dated | 190 1.00 1.00

Differentiation | Hdlierentiate

grade Moderate/high | 0.34 | 0.16-0.74 [ 0.007 | 0.51 [0.23-1.15 | 0.105 [0.52 [0.23-1.16| 0.110
Unclassified 0.88 | 0.58-1.35| 0.570 |0.85]0.54-1.32| 0.465 |0.86 | 0.55-1.34 | 0.500

Heterochronous (relapse from 1, /1554 75| 0.002 |0.50029-088| 0.016 | 049028085 0.012

radical surgery)

Ascites and/or pleural effusion 1.91 ] 1.28-2.84 | 0.002 | 2.08 [ 1.38-3.14 | <0.001 | 2.00 | 1.33-3.00 | 0.001

Baseline hemoglobin >median | ;0 | 5 45 1 05 | 0.060 | 0.75 [ 0.51-1.09 | 0.129 | 0.76 | 0.52-1.11 | 0.157

(120 g/L)

Baseline platelet count > median

241 % 107L) 1521 1.05-2.21 | 0.028 | 1.15]0.77-1.73 | 0.487 [1.10 [ 0.72-1.68 | 0.648

had a higher HR of death (HR: 0.64; 95% CI: 0.42-0.98;
P =0.038) among breast cancer patients who received an
ECF triplet regimen [5].

Severe CIN might be associated with poor
reserved bone marrow function and deficient tolerance,
especially in a relatively aggressive triplet regimen.

Despite of the active G-CSF support in the present
study (G-CSF was permitted to use when grade 2
neutropenia was identified), 11 patients went through
grade 4 neutropenia, suggesting deficient chemotherapy
tolerance. This led to higher incidences of chemotherapy
delay and dose reduction, with a relative lower RDI
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Table 4: Multivariate analyses of prognostic factors of OS and PFS (landmark group, n = 122)

Baseline and clinical features

OS (without TVC) OS (with TVC) PFS (without TVC)

PFS (with TVC)

HR 95% P HR 95% P HR 95% P HR 95% P
CI CI CI CI
Absent 1.00 1.00 1.00 1.00
CIN Moderate 0.59 01"3113’ 0.109]0.44 06.291; 0.035]0.35 00'.26(: 0.0010.24 0()"1422; <0.001
Severe 1.01 05;; 0.98210.66 01'?322; 0.267]0.43 00‘_2831_ 0.0090.31 00'.1662_ 0.001
Il;l‘l’;vi/fferenﬁate 4| 100 1.00 1.00 1.00
g:f;:entiatmn Moderate/high |0.70 01"3432; 0.3520.75 01"3568* 0.445 | 0.66 0{?499* 0.3140.63 01"2482* 0.264
Unclassified 0.92 05;; 0.77810.92 01.,5622_ 0.771]0.86 01‘_5425_ 0.57710.83 05%‘ 0.465
ﬁ‘:f:;lc:‘lfr"g“e‘;‘; (relapse from 0.42 05,27255 0.006 | 0.44 06'2843* 0.011
Liver metastasis 2.05 15?43; 0.006 | 2.01 15?308_ 0.008
Lung metastasis 233 15'915; 0.0382.30 15'9135 0.041
Ascites and/or pleural effusion | 3.49 16.92541_ 0_;01 3.58 16.9572_ 0-;01 2.04 13'.2277_ 0.003 | 1.92 15?009_ 0.007
g*;ﬁg“g‘;{')em“gl"bi“>media“ 0.71 01'.4136_ 0.175|0.76 01'.4274_ 0.268]0.71 01%160_ 0.129]0.75 01'%195_ 0.183
Bt o

(0.88), which might result in a higher hazard ratio of
severe neutropenia.

The question of whether CIN, as a favorable
prognostic factor, could optimize individualized dosages
warranted investigation. The current widely used dose
determination by BSA ignored inter-individual differences
and thus could not always determine the optimal dosage.
Reasons for this individual variation were unidentified,
although genetic polymorphisms that affect drug
metabolism or elimination might contribute [16—18].
Dose adjustments based on pharmacokinetic monitoring
have reportedly led to a significantly improved clinical
outcomes compared with BSA-guided dosages [11, 19-21].
Pharmacokinetic data showed that BSA-tailored dosage
for fluoropyrimidine might result in over- or under-dosing
[21-23]. Oxaliplatin and epibubicin might have similar
situations [24-26]. However, pharmacokinetic monitoring
was not practical in daily clinical work.

In our study, among patients without CIN during the
first two cycles, 61.2% did not developed CIN during the
following cycles of treatment, representing an unfavorable

prognostic factor. Furthermore, patients who developed
grade 1 CIN in the first two cycles had significantly longer
PFS, and tended to have enhanced OS than those with no
CIN. These findings implied that the initial BSA-based
doses could be fine-tuned for patients without CIN in
the first two cycles, aiming at experience of CIN in the
latter four cycles of EOF chemotherapy. A dose increase
could thus be implemented early in treatment for patients
with no CIN after the first and second cycles. Due to the
relative small size and retrospective nature of the present
study, the efficacy of such a strategy could be evaluated in
prospective trials.

MATERIALS AND METHODS

Patients

This was a retrospective study. All 150 patients in
this study were evaluable, they were treated with EOF5
regimen in a phase II trial conducted in our center (http://
ClinicalTrials.gov ID: NCT00767377). Principal inclusion
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criteria and treatment administration for patients were
described previously [13]. Written informed consent was
obtained from all patients. The study was approved by
the Institutional Review Board of the Fudan University
Shanghai Cancer Center.

Evaluation of survival and CIN

During the phase II study, complete blood cell
counts (CBC) were detected twice a week. Prophylactic
application of granulocyte-colony-stimulating factor
(G-CSF) was not allowed unless patient developed
grade > 2 neutropenia. We identified the severest grade
of CIN based on the lowest recorded neutrophil count.
CIN was graded according to the National Cancer
Institute Common Toxicity Criteria version 3.0. Overall
survival (OS) was defined as the internal between the
date of enrollment and the date of death or last follow-up.
Progression-free survival (PFS) was calculated from the
date of enrollment to the date of disease progression or
death before progression.

Statistical methods

The primary endpoint of this study was the
association of CIN with OS for patients treated with EOF5
regimen. The second endpoint was the association between
CIN and PFS. Patients were classified into different groups
according to their severest grade of CIN. Differences in
clinical characteristics between groups were compared
using ¢ or Fisher’s exact probability tests. Dose intensity
was calculated as the total dose received per unit of body
surface area per unit of time (mg/m*day), and RDI was
the ratio between actual dose intensity and scheduled
dose intensity. Survival curves were done by the Kaplan—
Meier method and analyzed by the log-rank test. Several
baseline characteristics (liver metastasis, lung metastasis,
baseline hemoglobin, etc.) and CIN were analyzed as
prognostic factor candidates; a reduced model was applied
using stepwise backward elimination until only significant
(P <0.05) variables remained. However, as CIN varies over
time, CIN was analyzed both as an initiated factor and as a
time-varying covariate (TVC). TVC was identified as the
worst grade of CIN that occurred between the initiation of
EOF chemotherapy and time 7> 0. We also used landmark
analyses limited to 122 patients who received at least
four cycles of chemotherapy and were alive 90 days after
initiation of EOF treatment. All tests were two-sided. P <
0.05 was considered significant. Analyses were performed
using the SPSS 10.0 software (Chicago, IL, USA).

CONCLUSIONS

For MGC patients who received EOF5 regimen as
first line treatment, those experienced CIN with EOF5

treatment had better OS and PFS. Fine-tuning of the initial
BSA-based dose for patients without CIN in the first two
cycles merits further prospective trial.

Abbreviations

CIN, Chemotherapy-induced neutropenia; MGC,
Metastatic gastric cancer; EOF5, Combination regimen of
epirubicin, oxaliplatin, and 5-day continuous infusion of
5-fluorouracil; OS, Overall survival; PFS, Progression-free
survival; HR, Hazard ratio; ECF, Combination regimen
of epirubicin, cisplatin, and 21-day continuous infusion
of 5-fluorouracil; BSA, Body surface area; RECIST,
Response evaluation criteria in solid tumors; TVC, Time-
varying covariate; CI, Confidential interval; RDI, relative
dose-intensity.

ACKNOWLEDGMENTS AND FUNDING

The authors thank Wenyuan Zhu and Yan Yan for
their help in data selection.

Project supported by the Natural Science Foundation
of Shanghai (Grant No. 13ZR1408200) and Foundation
of the Shanghai Municipal Science and Technology
Commission (Grant No. 134119a8600).

CONFLICTS OF INTEREST

The authors declare that they have no competing
interests.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.
Global cancer statistics. CA: a cancer journal for clinicians.
2011; 61:69-90.

Cunningham D, Starling N, Rao S, Iveson T, Nicolson M,
Coxon F, Middleton G, Daniel F, Oates J, Norman AR
Upper Gastrointestinal Clinical Studies Group of the
National Cancer Research Institute of the United K.
Capecitabine and oxaliplatin for advanced esophagogas-
tric cancer. The New England journal of medicine. 2008;
358:36-46.

3. Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A,
Constenla M, Boni C, Rodrigues A, Fodor M, Chao Y,
Voznyi E, Risse ML, Ajani JA, Group VS. Phase III study
of docetaxel and cisplatin plus fluorouracil compared with
cisplatin and fluorouracil as first-line therapy for advanced
gastric cancer: a report of the V325 Study Group. Journal of
clinical oncology : official journal of the American Society
of Clinical Oncology. 2006; 24:4991-4997.

Rambach L, Bertaut A, Vincent J, Lorgis V, Ladoire S,
Ghiringhelli F. Prognostic value of chemotherapy-induced

www.impactjournals.com/oncotarget

39025

Oncotarget



10.

11.

12.

13.

14.

hematological toxicity in metastatic colorectal cancer
patients. World journal of gastroenterology : WJG. 2014;
20:1565-1573.

Han'Y, Yu Z, Wen S, Zhang B, Cao X, Wang X. Prognostic
value of chemotherapy-induced neutropenia in early-stage
breast cancer. Breast cancer research and treatment. 2012;
131:483-490.

Di Maio M, Gridelli C, Gallo C, Shepherd F, Piantedosi FV,
Cigolari S, Manzione L, Illiano A, Barbera S, Robbiati SF,
Frontini L, Piazza E, lanniello GP, Veltri E, Castiglione F,
Rosetti F, et al. Chemotherapy-induced neutropenia and
treatment efficacy in advanced non-small-cell lung cancer:
a pooled analysis of three randomised trials. The Lancet
Oncology. 2005; 6:669—677.

Yamanaka T, Matsumoto S, Teramukai S, Ishiwata R,
Nagai Y, Fukushima M. Predictive value of chemotherapy-
induced neutropenia for the efficacy of oral fluoropyrimi-
dine S-1 in advanced gastric carcinoma. British journal of
cancer. 2007; 97:37-42.

Chen Z, Chen W, Wang J, Zhu M, Zhuang Z. Pretreated
baseline neutrophil count and chemotherapy-induced
neutropenia may be conveniently available as prognostic
biomarkers in advanced gastric cancer. Internal medicine
journal. 2015; 45:854-859.

Carus A, Gurney H, Gebski V, Harnett P, Hui R, Kefford R,
Wilcken N, Ladekarl M, von der Maase H, Donskov F.
Impact of baseline and nadir neutrophil index in non-small
cell lung cancer and ovarian cancer patients: Assessment of
chemotherapy for resolution of unfavourable neutrophilia.
Journal of translational medicine. 2013; 11:189.

Gurney H. How to calculate the dose of chemotherapy.
British journal of cancer. 2002; 86:1297-1302.

Bergh J, Wiklund T, Erikstein B, Lidbrink E, Lindman H,
Malmstrom P, Kellokumpu-Lehtinen P, Bengtsson NO,
Soderlund G, Anker G, Wist E, Ottosson S, Salminen E,
Ljungman P, Holte H, Nilsson J, et al. Tailored fluorouracil,
epirubicin, and cyclophosphamide compared with marrow-
supported high-dose chemotherapy as adjuvant treatment
for high-risk breast cancer: a randomised trial. Scandinavian
Breast Group 9401 study. Lancet. 2000; 356:1384—1391.
Zhu X, Leaw J, Gu W, Qian Y, Du H, Wang B, Hong X,
Yin J. Phase II clinical trial of advanced and metastatic gas-
tric cancer based on continuous infusion of 5-fluorouracil
combined with epirubicin and oxaliplatin. Journal of cancer
research and clinical oncology. 2008; 134:929-936.

Zhu X, Zhao X, Peng W, Sun S, Cao J, Ji D, Liu X, Wang C,
Huang M, Yu H, Guo W, Li J, Yin J. Epirubicin combined
with oxaliplatin and 5-day continuous infusion of 5-fluoroura-
cil as a first-line treatment for metastatic gastric cancer: treat-
ment outcomes and analysis of prognostic factors. Journal of
cancer research and clinical oncology. 2015; 141:109-118.
Mateos MYV, Richardson PG, Dimopoulos MA,
Palumbo A, Anderson KC, Shi H, Elliott J, Dow E, van de
Velde H, Niculescu L, San Miguel JF. Effect of cumulative

15.

16.

17.

18.

19.

20.

21.

22.

bortezomib dose on survival in multiple myeloma patients
receiving bortezomib-melphalan-prednisone in the phase
IIT VISTA study. American journal of hematology. 2015.

Shitara K, Matsuo K, Takahari D, Yokota T, Inaba Y,
Yamaura H, Sato Y, Najima M, Ura T, Muro K.
Neutropaenia as a prognostic factor in metastatic colorec-
tal cancer patients undergoing chemotherapy with first-line
FOLFOX. European journal of cancer. 2009; 45:1757-1763.

Di Francia R, Siesto RS, Valente D, Del Buono A,
Pugliese S, Cecere S, Cavaliere C, Nasti G, Facchini G,
Berretta M. Current strategies to minimize toxicity of oxali-
platin: selection of pharmacogenomic panel tests. Anti-
cancer drugs. 2013; 24:1069-1078.

Qi YJ, Cui S, Yang YZ, Han JQ, Cai BJ, Sheng CF, Ma Y,
Wuren T, Ge RL. Excision repair cross-complementation
group 1 codon 118 polymorphism, micro ribonucleic acid
and protein expression, clinical outcome of the advanced
gastric cancer response to first-line FOLFOX-4 in Qinghai-
Tibetan plateau population. Journal of cancer research and
therapeutics. 2013; 9:410—415.

Geng R, Chen Z, Zhao X, Qiu L, Liu X, Liu R, Guo W, He G,
LiJ, Zhu X. Oxidative stress-related genetic polymorphisms
are associated with the prognosis of metastatic gastric cancer
patients treated with epirubicin, oxaliplatin and 5-Fluorouracil
combination chemotherapy. PloS one. 2014; 9:e116027.

Fisher B, Anderson S, Wickerham DL, DeCillis A,
Dimitrov N, Mamounas E, Wolmark N, Pugh R, Atkins JN,
Meyers FJ, Abramson N, Wolter J, Bornstein RS, Levy L,
Romond EH, Caggiano V, et al. Increased intensification
and total dose of cyclophosphamide in a doxorubicin-
cyclophosphamide regimen for the treatment of primary
breast cancer: findings from National Surgical Adjuvant
Breast and Bowel Project B-22. Journal of clinical oncol-
ogy : official journal of the American Society of Clinical
Oncology. 1997; 15:1858-1869.

Wood WC, Budman DR, Korzun AH, Cooper MR,
Younger J, Hart RD, Moore A, Ellerton JA, Norton L,
Ferree CR, et al. Dose and dose intensity of adjuvant che-
motherapy for stage II, node-positive breast carcinoma. The
New England journal of medicine. 1994; 330:1253-1259.

Gamelin E, Delva R, Jacob J, Merrouche Y, Raoul JL,
Pezet D, Dorval E, Piot G, Morel A, Boisdron-Celle M.
Individual fluorouracil dose adjustment based on pharma-
cokinetic follow-up compared with conventional dosage:
results of a multicenter randomized trial of patients with
metastatic colorectal cancer. Journal of clinical oncol-
ogy : official journal of the American Society of Clinical
Oncology. 2008; 26:2099-2105.

Kaldate RR, Haregewoin A, Grier CE, Hamilton SA,
McLeod HL. Modeling the 5-fluorouracil area under the
curve versus dose relationship to develop a pharmacokinetic
dosing algorithm for colorectal cancer patients receiving
FOLFOX6. The oncologist. 2012; 17:296-302.

WWw

.impactjournals.com/oncotarget

39026

Oncotarget



23.

24.

Capitain O, Asevoaia A, Boisdron-Celle M, Poirier AL,
Morel A, Gamelin E. Individual fluorouracil dose adjust-
ment in FOLFOX based on pharmacokinetic follow-up
compared with conventional body-area-surface dosing:
a phase II, proof-of-concept study. Clinical colorectal can-
cer. 2012; 11:263-267.

Ralph LD, Thomson AH, Dobbs NA, Twelves C. A popula-
tion model of epirubicin pharmacokinetics and application
to dosage guidelines. Cancer chemotherapy and pharmacol-
ogy. 2003; 52:34-40.

25.

26.

Gurney HP, Ackland S, Gebski V, Farrell G. Factors affect-
ing epirubicin pharmacokinetics and toxicity: evidence
against using body-surface area for dose calculation. Journal
of clinical oncology : official journal of the American
Society of Clinical Oncology. 1998; 16:2299-2304.
Nikanjam M, Stewart CF, Takimoto CH, Synold TW, Beaty
O, Fouladi M, Capparelli EV. Population pharmacokinetic
analysis of oxaliplatin in adults and children identifies
important covariates for dosing. Cancer chemotherapy and
pharmacology. 2015; 75:495-503.

www.impactjournals.com/oncotarget

39027

Oncotarget



