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ABSTRACT

Introduction: In Japan, both gabapentinoids
and the Japanese traditional herbal medi-
cine goshajinkigan (GJG) are used to manage
chemotherapy-induced peripheral neuropathy
(CIPN); however, evidence for their effective-
ness is inconclusive. Patients with CIPN experi-
ence reduced quality of life and often undergo
reductions in dose or discontinuation of chem-
otherapy. Therefore, this retrospective cohort
study used a real-world database to examine the
efficacy of gabapentinoids and GJG therapy for
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patients with CIPN by evaluating chemotherapy
duration and dose.

Methods: Data from 145,384 patients diag-
nosed with CIPN while receiving platinum- or
taxane-based chemotherapy between April 1,
2008 and March 31, 2022 were stratified by CIPN
treatment: simultaneous gabapentinoid (miroga-
balin or pregabalin) plus GJG (prescription dates
overlap); non-simultaneous gabapentinoid plus
GJG (prescription dates do not overlap); gabap-
entinoid alone; GJG alone; and neither gabap-
entinoids nor GJG. Duration and dose of chemo-
therapy were the primary outcomes.

Results: Treatment with either a gabapenti-
noid or GJG alone was associated with longer
duration and higher doses of chemotherapy ver-
sus neither gabapentinoids nor GJG in patients
treated with carboplatin, cisplatin, or paclitaxel.
Combined gabapentinoid plus GJG treatment
elicited further longer duration and higher doses
of chemotherapy versus gabapentinoid alone or
GJG alone in patients treated with carboplatin,
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oxaliplatin, cisplatin, paclitaxel, or docetaxel.
When stratified by cancer type, similar trends
were observed regarding combination gabap-
entinoid plus GJG treatment among patients
with colorectal cancer treated with oxaliplatin
and patients with gastric, lung, or breast cancer
treated with paclitaxel.

Conclusion: Combination treatment with gabap-
entinoid plus GJG might prevent reductions in
dose or discontinuation of chemotherapy, and
might be effective for the treatment of CIPN.

Keywords: Chemotherapy-induced peripheral
neuropathy; Gabapentinoid; Goshajinkigan;
Japanese herbal Kampo medicine; Platinum-
based chemotherapy; Taxane-based
chemotherapy

Key Summary Points

Why carry out this study?

There are few effective treatment options for
chemotherapy-induced peripheral neuropathy
(CIPN), which is an adverse event caused by
several chemotherapeutic drugs and can result
in reduced quality of life and reductions in dose
or discontinuation of chemotherapy.

We hypothesised that combination treatment
of CIPN with both gabapentinoid (GPN) and
the Japanese traditional herbal medicine gos-
hajinkigan (GJG) would result in fewer dose
reductions and dose interruptions of plati-
num- and taxane-based chemotherapy.

What was learned from the study?

Among patients treated with carboplatin,
those who received either simultaneous or
non-simultaneous GPN + GJG had a longer
mean chemotherapy duration and a higher
mean chemotherapy total dose than those
who received GPN alone, GJG alone, or
neither GPN/GJG; patients who received
GPN alone or GJG alone had a longer dura-
tion and a higher total dose than those who
received neither.

These results were broadly similar to those
for patients who received other platinum-
based drugs or taxane-based chemothera-
pies, with some exceptions to this tendency
according to simultaneous versus non-simul-
taneous administration as well as cancer

type.

Physicians may consider treatment with GPN
in combination with GJG to prevent dose
reductions or chemotherapy discontinua-
tions in patients with CIPN, which may lead
to better patient outcomes.

INTRODUCTION

Chemotherapy-induced peripheral neuropathy
(CIPN) is a common and debilitating adverse
event (AE) that can be caused by several chem-
otherapeutic drugs [1]. The rates of CIPN vary
by the type of chemotherapeutic drug, with
the highest reported rates occurring in patients
undergoing treatment with platinum-based
drugs (ranging from 70% to 100%) or taxane-
based drugs (ranging from 11% to 87%) [2].
Patients with CIPN experience reduced quality
of life (QoL) and may undergo reductions in
dose or discontinuation of chemotherapy [3, 4].
Effective pain reduction in patients with CIPN
is not only expected to improve the affected
patients’ QoL but also enable maintenance of
chemotherapy treatment. However, effective
treatment options for CIPN are currently lack-
ing [5-8].

The gabapentinoid (GPN) drug class includes
analgesics that are often used for the manage-
ment of neuropathic pain [9], although there are
inconsistent reports regarding their efficacy in
the treatment of CIPN [10-14]. In Japan, the tra-
ditional herbal Kampo medicine goshajinkigan
(GJG) is also used for the treatment of CIPN and
other AEs related to anti-cancer treatment; how-
ever, its use lacks strong supporting evidence
[15, 16]. The phase III GENIUS trial evaluating
the efficacy of GJG showed that GJG treatment
had no preventive effect on oxaliplatin-associ-
ated CIPN, and there was a higher incidence of
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neuropathy with the active treatment compared
with placebo (hazard ratio: 1.908; p = 0.007)
[17]. In contrast, several other trials have sup-
ported the use of GJG treatment for the treat-
ment of CIPN [18-21].

As the pathological mechanism of CIPN
involves multiple pathways [1], it is plausible
that combination therapy with multiple analgesic
agents targeting different pathways may offer an
effective approach to CIPN management. GPNS,
including pregabalin and mirogabalin besylate
(mirogabalin), selectively bind to the a,6 subunit
of voltage-gated calcium channels to achieve pain
relief [22]. In contrast, GJG is believed to exert
its analgesic effect via several mechanisms, nota-
bly through interacting with cortical astrocytes
[23]. Additionally, GJG is thought to suppress the
expression of transient receptor potential (TRP)
channel genes, including TRP ankyrin subtype 1,
TRP vanilloid 4, and TRP melastatin 8 genes, all of
which are implicated in the pathogenesis of CIPN
[24-26]. Moreover, in a rat model, GJG has been
shown to reduce oxaliplatin-induced increases in
reactive oxygen species, ameliorate abnormal sen-
sations, and prevent damage to the sciatic nerve
[26].

We hypothesised that combination treatment
of CIPN with both GPN and GJG would result
in fewer dose reductions and dose interruptions
of platinum- and taxane-based chemotherapy.
Real-world data studies offer a distinct advan-
tage in this context, as they provide a broader
perspective by examining these treatments in
larger and more diverse populations of patients
than typically enrolled in clinical trials, thereby
more accurately reflecting actual use in clinical
practice [27, 28]. Thus, we conducted this retro-
spective cohort study using a real-world database
to examine the duration of chemotherapy treat-
ment and total chemotherapy doses in patients
with cancer and diagnosed with CIPN.

METHODS

Study Design

This retrospective cohort study used the EBM
Provider® database (Medical Data Vision) and

evaluated data from patients with CIPN between
April 1, 2008 and March 31, 2022. This Japanese
nationwide database includes inpatient and out-
patient practices of more than 420 acute care
providers.

As this study involved the secondary use
of an existing database in which all data were
anonymised and no new data were obtained
during this study, informed consent was not
required. The study was conducted in accord-
ance with the tenets of the Declaration of Hel-
sinki. The study was reviewed and approved by
the Ethics Committee of the Tohoku University
Graduate School of Medicine (No. 2022-1-1128).

Study Population

Eligible patients were those diagnosed with
CIPN while receiving continuous doses of plat-
inum-based (carboplatin, oxaliplatin, cisplatin,
or nedaplatin) or taxane-based (paclitaxel, doc-
etaxel, or cabazitaxel) chemotherapy, and had a
date of chemotherapy initiation between April
1, 2008 and March 31, 2022. Continuous dos-
ing was defined as chemotherapy administered
at intervals of no more than 67 days between
doses. Patients with a confirmed diagnosis of
CIPN at least 1 day prior to the date of the first
prescription of platinum- or taxane-based chem-
otherapy were excluded.

The EBM Provider database disease codes
were used to identify CIPN diagnoses, includ-
ing peripheral neuritis (3545003), numb-
ness (7820002), numbness of lower extremity
(782006), numbness of extremities (7820018),
peripheral neuropathy (8840255), peripheral
neuropathic pain (8846220 and 8849550), and
neuropathic pain (8847489).

The patient background data collected
included CIPN treatment (determined by receipt
of either GPN or GJG after CIPN diagnosis, and
whether these treatments were administered
simultaneously), chemotherapy type, cancer
type, cancer stage, age, height, weight, sex,
hospitalisation status (inpatient or outpatient),
and presence/absence of duloxetine prescrip-
tion. Simultaneous administration of GPN and
GJG was defined as cases with the date of GJG
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administration during the period of GPN admin-
istration. Non-simultaneous administration of
GPN and GJG was defined as cases with admin-
istration of both drug types after initiation of
chemotherapy, but without any overlap in the
date of drug administration.

Study Outcomes

The primary study outcomes were the duration
and total dose of chemotherapy. Chemotherapy
duration was defined as the period from the
first day of platinum- or taxane-based chemo-
therapy in the month that the patient was ini-
tially diagnosed with CIPN to the day of the last
dose of continuous chemotherapy administra-
tion. Chemotherapy doses within 67 days of
the previous dose were considered continuous.
The total chemotherapy dose was defined as the
cumulative amount of the platinum- or taxane-
based chemotherapeutic drug administered dur-
ing a continuous period of chemotherapy, start-
ing from the day of initial diagnosis of CIPN to
the day of last chemotherapy administration.

Data were stratified by the following treat-
ment combinations: simultaneous GPN (miro-
gabalin or pregabalin) and GJG treatment
(GPN + GJG); non-simultaneous GPN + GJG
treatment; GPN treatment alone; GJG treatment
alone; and neither GPN nor GJG (GPN/GJG)
treatment. A further stratification by cancer
type (colorectal, gastric, lung, prostate, breast,
or other) was also performed. These five cancer
types were chosen because of their prevalence
as the most common cancers in Japan [28] the
definitions for each cancer type are shown in
Table S1.

Sample Size and Statistical Analyses

There was no prespecified sample size for the
study, and data from all patients in the database
who met the eligibility criteria were included in
the analyses. Continuous data were summarised
using means and medians, and categorical data
were summarised by number and percentage.
Missing values were not imputed, and compari-
sons between subgroups for the study outcomes
were conducted using a t test. No potential

confounders were considered in these analyses.
All statistical analyses had a 5% significance
level and were conducted using SAS version 9.4
(SAS Institute, Cary, NC, USA).

RESULTS

Patients

Data from 145,384 patients with cancer diag-
noses, a history of platinum- or taxane-based
chemotherapy, and a CIPN diagnosis were evalu-
ated from the EBM Provider database (Fig. 1).
Among the patients treated with platinum-based
chemotherapy, 18,063 received carboplatin,
12,653 received oxaliplatin, and 6212 received
cisplatin, while among patients treated with tax-
ane-based chemotherapy, 28,330 received pacli-
taxel and 6337 received docetaxel (Table 1). By
chemotherapy type, the percentages of female
patients were 64% (carboplatin), 38% (oxali-
platin), 33% (cisplatin), 70% (paclitaxel), and
68% (docetaxel). The mean height and weight
reflected the proportion of women for each
chemotherapy type (carboplatin: 156.5 cm,
57.5 kg; oxaliplatin: 158.9 cm, 58.6 kg; cisplatin:
160.0 cm, 58.8 kg; paclitaxel: 156.8 cm, 57.2 kg;
docetaxel: 156.6 cm, 57.7 kg). The duloxetine
prescription rates were 3.7% (carboplatin), 4.5%
(oxaliplatin), 2.6% (cisplatin), 5.7% (paclitaxel),
and 2.1% (docetaxel).

Including patients with multiple cancer diag-
noses, patients treated with carboplatin included
378 with colorectal cancer, 300 with gastric can-
cer, 7921 with lung cancer, 171 with prostate
cancer, 485 with breast cancer, and 14,588 with
other cancer types. Regarding patients treated
with oxaliplatin, 6715 had colorectal cancer,
2310 had gastric cancer, 1103 had lung cancer,
181 had prostate cancer, 135 had breast can-
cer, and 9717 had other cancer types. Among
patients treated with cisplatin, 165, 908, 2054,
112, and 63 had colorectal, gastric, lung, pros-
tate, and breast cancer, respectively, and 4895
had other cancer types. Among patients treated
with paclitaxel, 551, 3139, 4786, 220, and 7343,
had colorectal, gastric, lung, prostate, and breast
cancer, respectively, and 22,444 had other cancer
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Patients with a confirmed diagnosis of cancer and CIPN and
a history of prescription of anticancer drugs (platinum or taxane)?
N =145,384
Patients with CIPN first diagnosis date during continuous anticancer drug administration

* Carboplatin: n=18,063

* Oxaliplatin: n=12,653

« Cisplatin: n=6,212

* Nedaplatin: n=323

* Paclitaxel: n=28,330

* Docetaxel: n=6,337

* Cabazitaxel: n=223

| Patients with GPN® and GJG |
‘ i v v \ 4
GPNb+GJG GPNb+GJG GPNP alone GJG alone No GPN/GJG
_______ (simultaneous) ____{ | __ (non-simultaneous) __|

« Carboplatin: n=2,055 * Carboplatin: n=250 « Carboplatin: n=5,833 * Carboplatin:  n=2,934 * Carboplatin:  n=6,991
* Oxaliplatin: n =696 * Oxaliplatin: n=124 ¢ Oxaliplatin:  n=4,680 * Oxaliplatin: n=1,960 * Oxaliplatin: n=5,193
« Cisplatin: n=166 « Cisplatin: n=18 « Cisplatin: n=2,342 « Cisplatin: n=235 « Cisplatin: n=3,451
* Nedaplatin: n=27 * Nedaplatin: n=4 * Nedaplatin: n=122 * Nedaplatin:  n=31 ¢ Nedaplatin:  n=139
* Paclitaxel: n=3,667 * Paclitaxel: n =547 * Paclitaxel: n=11,492 * Paclitaxel: n=6,222 * Paclitaxel: n=6,402
« Docetaxel: n=288 * Docetaxel: n=24 * Docetaxel: n=2,093 * Docetaxel: n=1,644 « Docetaxel: n=2,288
* Cabazitaxel: n=8 * Cabazitaxel: n=1 * Cabazitaxel: n=141 * Cabazitaxel: n=7 * Cabazitaxel: n=66

Fig.1 Study design and patient disposition. “Eligible
patients had a diagnosis of CIPN while receiving continu-
ous doses (intervals of no more than 67 days) of platinum-
or taxane-based chemotherapy, and initiated chemother-

types. For those treated with docetaxel, 62 had
colorectal cancer, 360 had gastric cancer, 1166
had lung cancer, 708 had prostate cancer, 3375
had breast cancer, and 3416 had other cancer

types.

CIPN Treatment

When grouped by chemotherapeutic regimen
(Table 1), most patients received either GPN
alone (carboplatin: 32.3%; oxaliplatin: 37.0%;
cisplatin: 37.7%; paclitaxel: 40.6%; docetaxel:
33.0%) or received neither GPN/GJG (carbopl-
atin: 38.7%; oxaliplatin: 41.0%; cisplatin: 55.6%;
paclitaxel: 22.6%; docetaxel: 36.1%). The per-
centages who received GJG alone were 16.2%
(carboplatin), 15.5% (oxaliplatin), 3.8% (cispl-
atin), 22.0% (paclitaxel), and 25.9% (docetaxel).
Among patients who received GPN + GJG, the
percentages of patients who received simulta-
neous treatment were higher than the percent-
ages of patients who received non-simultaneous

apy between April 1, 2008 and March 31, 2022. PEither
mirogabalin besylate or pregabalin. CIPN chemotherapy-
induced peripheral neuropathy, GPN gabapentinoid, GJG
goshajinkigan

treatment (carboplatin: 11.4% vs. 1.4%; oxali-
platin: 5.5% vs. 1.0%; cisplatin: 2.7% vs. 0.3%;
paclitaxel: 12.9% and 1.9%; and docetaxel: 4.5%
vs. 0.4%, respectively).

Chemotherapy Dose and Duration by CIPN
Treatment

The primary outcomes (chemotherapy dose and
duration) were evaluated by GPN and GJG treat-
ment (Table 2) and the statistical analysis results
including mean differences and 95% confidence
intervals (Cls) are shown in Table S2. Among
patients treated with carboplatin, those who
received GPN + GJG simultaneously had a longer
chemotherapy duration than those who received
GPN alone [mean difference 6.4 days (95% CI
2.4-10.3)], GJG alone [18.9 days (15.4-22.4)], or
neither GPN/GJG [23.7 days (20.3-27.1)], and a
higher chemotherapy total dose than those who
received GPN alone [146.3 mg (75.8-216.7)],
GJG alone [553.5 mg (490.6-616.3)], or neither
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Table 1 Patient background characteristics

All patients GPN*+ GJG GPN*+GJG  GPN%alone GJG alone Neither GPN?Y/
(simultaneous) (non-simulta- GJG
neous)
Platinum-based regimens
Carboplatin, » 18,063 2055 (11.38) 250 (1.38) 5833 (32.29) 2934 (16.24) 6991 (38.70)
(%)
Sex, n (%)
Female 11,598 (64.21) 1851 (90.07) 228 (91.20) 3526 (60.45) 2645 (90.15) 3348 (47.89)
Male 6465 (35.79) 204 (9.93) 22 (8.80) 2307 (39.55)  289(9.85) 3643 (52.11)
Age, years 6438+ 11.16 61.08+11.17 61.24+12.06 64.17+£11.05 61.41+1144 66.88+ 1047
Height, cm 156.54 +20.53 154.50 £ 19.29 156.00 +12.24 157.57 £20.05 154.53 +17.28 157.24 +22.80
Weight, kg~ 5748 £12.99 575941376 5647 +12.09 57.91+13.03 56.61+12.27 57.50+13.05
Cancer stage, 7
I 336 43 10 90 88 105
II 112 11 2 51 16 32
11 290 33 3 105 47 102
v 442 21 3 187 38 193
Cancer type, 7
Colorectal 378 39 10 138 44 147
Gastric 300 15 1 98 24 162
Lung 7921 265 36 2586 413 4621
Prostate 171 4 1 64 8 94
Breast 485 89 11 156 95 134
Other 14,588 1924 227 4817 2747 4873
Hospitalisation status, 7
Inpatient 6719 732 96 2410 1107 2374
Outpatient 11,344 1323 154 3423 1827 4617
Duloxetine,n 672 (3.7) 113 (5.5) 24 (9.6) 315 (5.4) 95(3.2) 125 (1.8)
(%)
Oxaliplatin,z 12,653 696 (5.50) 124 (0.98) 4680 (36.99) 1960 (15.49) 5193 (41.04)
(%)
Sex, 7 (%)
Female 4803 (37.96) 239 (34.34) 56 (45.16) 1713 (36.60) 773 (39.44) 2022 (38.94)
Male 7850 (62.04) 457 (65.66) 68 (54.84) 2967 (63.40) 1187 (60.56) 3171 (61.06)
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Table 1 continued
All patients GPN*+ GJG GPN*+GJG  GPN%alone GJG alone Neither GPN?Y/
(simultaneous) (non-simulta- GJG
neous)
Age, years 6521 +£10.41 64.18+10.62 65.36+11.35 64.84+10.38 65.13+10.47 65.71+10.35
Height, cm 158.93 £23.66 157.82+29.26 159.43+17.48 159.65+22.30 158.73 £23.49 158.44 +24.27
Weight, kg 58.60 £ 16.75 58.01 £15.57 58.81 £ 13.40 58.95+13.94 58.40+ 14.09 58.42 +20.06
Cancer stage,
I 118 1 0 37 16 64
II 370 14 2 138 52 164
I1I 1141 47 6 346 202 540
v 1378 65 15 661 131 506
Cancer type, 7
Colorectal 6715 367 65 2256 1172 2855
Gastric 2310 108 28 881 273 1020
Lung 1103 73 11 461 143 415
Prostate 181 17 2 64 30 68
Breast 135 6 3 57 16 53
Other 9717 543 92 3842 1449 3791
Hospitalisation status, 7
Inpatient 2657 127 16 890 396 1228
Outpatient 9996 569 108 3790 1564 3965
Duloxetine, n 571 (4.5) 42 (6.0) 3(2.7) 265 (5.7) 52 (2.7) 209 (4.0)
(%)
Cisplatin,n 6212 166 (2.67) 18 (0.29) 2342 (37.70) 235 (3.78) 3451 (55.55)
(%)
Sex, 7 (%)
Female 2029 (32.66)  83(50.00) 7 (38.89) 735(3138)  135(5745) 1069 (30.98)
Male 4183 (67.34) 83 (50.00) 11 (61.11) 1607 (68.62) 100 (42.55) 2382 (69.02)
Age, years 64.00+11.56 61.03+12.95 63.72+12.11 6334+ 11.74 59.65+ 1430 64.89+11.02
Height, cm 160.04 +21.86 158.85+ 15.67 162.65+9.29 160.70 +20.85 157.23 +24.03 159.78 £ 22.75
Weight, kg 5878 £13.38 56.98+1440 59.23+12.84 59.33+£1296 56.96+13.62 5858+ 13.60
Cancer stage, 7
I 56 4 0 21 4 27
II 61 2 1 31 2 25
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Table 1 continued

All patients GPN*+ GJG GPN*+GJG  GPN%alone GJG alone Neither GPNY/
(simultaneous) (non-simulta- GJG
neous)
111 90 0 0 37 3 50
v 187 3 0 79 7 98
Cancer type, 7
Colorectal 165 5 0 58 10 92
Gastric 908 38 2 293 43 532
Lung 2054 25 5 685 36 1303
Prostate 112 2 0 66 2 42
Breast 63 1 0 26 3 33
Other 4895 153 15 1914 201 2612
Hospitalisation status, 7
Inpatient 2849 84 9 1230 97 1429
Outpatient 3363 82 9 1112 138 2022
Duloxetine, » 161 (2.6) 8 (4.8) 0(0.0) 102 (4.4) 10 (4.3) 41(12)
(%)
Taxane-based regimens
Paclitaxel, » 28,330 3667 (12.94) 547 (1.93) 11,492 (40.56) 6222 (21.96) 6402 (22.60)
(%)
Sex, 7 (%)
Female 19,826 (69.98) 2931(79.93)  425(77.70)  7224(62.86) 5179 (83.24) 4067 (63.53)
Male 8504 (30.02)  736(20.07)  122(2230) 4268 (37.14) 1043 (1676) 2335 (36.47)
Age, years 6280 +11.50 61.41+11.29 62.10+11.47 6334+ 1129 61.30+11.69 64.13+11.57
Height, cm 156.75 £ 1891 155.79 £ 18.18 156.62 +16.52 157.67 +19.48 155.71 + 16.64 156.63 +20.50
Weight, kg 5721+13.59 57.75+18.00 56.82+12.18 57.46+12.75 56.69+12.82 56.95+12.79
Cancer stage, 7
I 469 57 13 184 119 96
II 471 32 7 242 92 98
111 556 54 10 280 86 126
v 869 68 11 467 96 227
Cancer type, 7
Colorectal 551 63 15 250 90 133
Gastric 3139 272 65 1536 397 869
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Table 1 continued
All patients GPN*+ GJG GPN*+GJG  GPN%alone GJG alone Neither GPN?Y/
(simultaneous) (non-simulta- GJG
neous)

Lung 4786 371 58 2235 609 1513
Prostate 220 23 4 118 33 42
Breast 7343 919 161 2770 2107 1386
Other 22,444 3047 437 9192 4874 4894
Hospitalisation status, 7

Inpatient 6712 896 120 2429 1612 1655

Outpatient 21,618 2771 427 9063 4610 4747

Duloxetine, » 1615 (5.7) 259 (7.1) 70 (12.8) 715 (6.2) 249 (4.0) 322 (5.0)
(%)
Docetaxel,z 6337 288 (4.54) 24 (0.38) 2093 (33.03) 1644 (25.94) 2288 (36.11)

(%)
Sex, n (%)
Female 4325(6825) 226 (7847) 18 (75.00) 1152 (55.04) 1558 (94.77) 1371 (59.92)
Male 2012 (31.75)  62(21.53) 6(25.00) 941 (44.96)  86(5.23) 917 (40.08)
Age, years 61.27+11.96 6040+ 11.94 59.54+13.35 6283+ 11.54 57.11+11.20 62.95+12.11
Height, cm 156.63 +20.96 155.70 £20.16 161.59 +9.34 157.59 £23.21 155.59 + 14.18 156.40 +22.59
Weight, kg 5773 +14.14 58.14+12.21 57.24+9.83 5851 +£13.58 56.73+15.53 57.53+13.96
Cancer stage, 7
I 90 6 0 15 54 15
II 150 4 0 27 97 22
I1II 61 4 0 21 18 18
v 82 2 2 41 13 24
Cancer type, 7
Colorectal 62 1 0 21 9 31
Gastric 360 15 0 104 29 212
Lung 1166 34 1 527 80 524
Prostate 708 22 3 376 19 288
Breast 3375 153 13 815 1432 962
Other 3416 179 17 1345 611 1264
Hospitalisation status, 7

Inpatient 1098 56 3 503 118 418
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Table 1 continued

All patients GPN*+ GJG GPN*+GJG  GPN%alone GJG alone Neither GPNY/
(simultaneous) (non-simulta- GJG
neous)
Outpatient 5239 232 21 1590 1526 1870
Duloxetine,z 131 (2.1) 13 (4.5) 3(12.5) 61(2.9) 15 (0.9) 39 (1.7)

(%)

Data are shown as mean values unless otherwise stated

GPN gabapentinoid, GJG goshajinkigan, SD standard deviation

*Either mirogabalin besylate or pregabalin

GPN/GJG [724.7 mg (663.2-786.2)]. Non-
simultaneous GPN + GJG was similarly associ-
ated with longer duration and higher total dose.
Patients who received GPN alone or GJG alone
had a longer duration and a higher total dose
than patients who received neither GPN/GJG.

Among those who received oxaliplatin,
patients treated with GPN + GJG simultaneously
or non-simultaneously had a longer chemo-
therapy duration and a higher total chemo-
therapy dose than patients who received either
GPN alone [mean difference 30.4 days (95% CI
21.9-39.0); 218.6 mg (159.2-277.9)], GJG alone
[12.0 days (2.7-21.3); 81.9 mg (17.4-146.4)],
or neither GPN/GJG 24.7 days [(16.2-33.2);
174.2 mg (115.2-233.2)]. The chemotherapy
duration and total dose was longer and higher
in patients treated with GJG alone, and shorter
and lower in patients treated with GPN alone,
compared with patients who received neither
GPN/G]G.

In the cisplatin group, patients treated with
GPN + GJG simultaneously had a longer chemo-
therapy duration and a higher total chemother-
apy dose than patients who received GPN alone
[mean difference 50.6 days (95% CI 36.4-64.7);
102.4 mg (65.4-139.3)], GJG alone [39.4 days
(21.5-57.3); 92.0 mg (45.4-138.7)], or neither
GPN/GJG [58.7 days (44.7-72.7); 123.4 mg
(86.8-160.0)]. Patients who received GPN or GJG
alone had a longer duration and a higher total
dose than patients who received neither GPN/
GJG.

Regarding patients treated with taxane-based
chemotherapy, the paclitaxel and docetaxel
groups showed similar results: those who received

GPN + GJG simultaneously had a longer chemo-
therapy duration and a higher total chemother-
apy dose than those who received GPN alone [in
the paclitaxel group, mean difference 26.6 days
(95% CI 21.8-31.4) and 302.7 mg (247.6-357.9);
in the docetaxel group, 18.6 days (4.1-33.1) and
117.6 mg (71.5-163.6)], GJG alone [in the pacli-
taxel group, 19.3 days (14.1-24.5) and 249.9 mg
(189.4-310.4); in the docetaxel group, 29.1 days
(14.4-43.9) and 77.5 mg (30.7-124.3)], or nei-
ther GPN/GJG [in the paclitaxel group, 31.5 days
(26.3-36.7) and 439.0 mg (378.8-499.2); in
the docetaxel group, 18.5 days (4.1-32.9) and
113.7 mg (67.9-159.5)]. Similar results were also
observed for those who received GPN + GJG
non-simultaneously. Moreover, in the paclitaxel
group, those who received either GPN alone or
GJG alone had a longer duration and a higher
total dose than those who had neither GPN/GJG.
Among patients treated with docetaxel, those
who received GJG alone had a shorter duration
and a higher total dose than those who had nei-
ther GPN/G]JG. Results for nedaplatin and cabazi-
taxel, which had small sample sizes, are reported
in Tables S3 and S4.

Chemotherapy Dose and Duration by Cancer
Types

The dose and duration of oxaliplatin for
patients with colorectal or gastric cancer, and
the dose and duration of paclitaxel for patients
with gastric, lung, or breast cancer, are shown
in Table 3. The dose/duration of all chemother-
apies by cancer type are shown in Table S3 and

A\ Adis



Adv Ther (2025) 42:2833-2852 2843
Table 2 Duration and total dose of chemotherapy by GPN and GJ G treatment regimen
GPN*+ GJG GPN* + GJG GPN* alone GJ G alone Neither GPN*/
(simultaneous) (non-simultaneous) GJG
Platinum-based regimens
Carboplatin
Patients, 7 (%) 2055 (11.38) 250 (1.38) 5833 (32.29) 2934 (16.24) 6991 (38.70)
Duration of chemotherapy (days)
Mean + SD 86.6 £71.9"#+* 100.8 + 576"+ 67.6+70.1" 8024763 62.8 + 66.4
Median 81 92 57 70 57

Total dose® of chemotherapy (mg)

Mean + SD 2282.9 + 1451.9"*#++
Median 2100
Oxaliplatin

Patients, 72 (%) 696 (5.50)

Duration of chemotherapy (days)
Mean + SD
Median 92

Total dose® of chemotherapy (mg)

Mean + SD 1041.2 + 972.25%+
Median 805
Cisplatin

Patients, 72 (%) 166 (2.67)
Duration of chemotherapy (days)
Mean + SD
Median 78
Total dose® of chemotherapy (mg)
Mean + SD
Median 350

Taxane-based regimens

Paclitaxel
Patients, 2 (%) 3667 (12.94)

Duration of chemotherapy (days)

Mean + SD

Median 78

Total dose® of chemotherapy (mg)

121.4 + 134.75++

119.2 + 145.7"++

410.2 + 375.5F++

115.7 + 149.6*7++

2583.9 + 1236.5*

2400

124 (0.98)

151.7 + 124.1#++

121.5

1208.0 & 774.3*##++
1040

18 (0.29)

108.0 +87.1*
81

373.1+£183.3

387.5

547 (1.93)

153.4 + 238.0**H++

93

1729.1 + 1238.1**

1450

4680 (36.99)

91.0 + 106.7+*
64

822.7 +775.0"*
600

2342 (37.70)

68.7 £89.6"*
43

307.8 +245.2**

240

11,492 (40.57)

89.1 +116.9*%
57

21369 + 1346.0**

1900

1960 (15.49)

109.4 + 113.8**
85

959.3 +760.7**
800

235 (3.78)

79.8 864"
56

318.1 +229.3*

255

6222 (21.96)

964+ 131.6**
69

1557.7 £ 1150.1
1350

5193 (41.04)

96.7 +101.0
71

867.0 £ 673.6
750

3451 (55.55)

60.5 + 86.9
40

286.8 +218.8
240

6402 (22.60)
842+ 119.1
52
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Table 2 continued

GPN* + GJG GPN* + GJG GPN* alone GJG alone Neither GPN*/
(simultaneous) (non-simultaneous) GJG

Mean + SD 1609.5 + 1785.9*##++ 1915.5 + 2028.5****  1306.5 + 1461.9"% 1359.3 + 1440.6"* 1170.2 + 1305.8
Median 1200 1320 900 1040 800

Docetaxel
Patients, 7z (%) 288 (4.54) 24(0.38) 2093 (33.03) 1644 (25.94) 2288 (36.11)
Duration of chemotherapy (days)
Mean + SD 95.4 + 150.7%* 1962 +£257.0%** 768 +130.2 663 +728" 76.9 + 124.2
Median 63.5 64 43 64 45.5
Total dose® of chemotherapy (mg)
Mean + SD 485.8 + 5575+ 7284 + 628.6** T 3683 + 4104 4084 +257.5" 372243769
Median 3615 420 240 400 280

Data are shown as mean values unless otherwise stated. Nedaplatin and cabazitaxel are listed in online supplemental Tables 3

and 4 because of the small sample size

CIPN chemotherapy-induced peripheral neuropathy, GPN gabapentinoid, GJ/G goshajinkigan, SD standard deviation

*p < 0.05 vs. GPN alone
**p < 0.01 vs. GPN alone
#p < 0.05 vs. GJG alone™p < 0.01 vs. GJG alone

*p < 0.05 vs. neither GPN/GJG**p < 0.01 vs. neither GPN/GJG

“Either mirogabalin besylate or pregabalin

bTotal dose of the chemotherapy drug, defined as the total amount administered from the date of the first administration of
the chemotherapy drug after CIPN diagnosis to the date of the last administration of the chemotherapy drug

S4, and statistical analysis results are shown in
Table S5.

In patients with colorectal cancer receiving
oxaliplatin, patients who received GPN + GJG
simultaneously had a longer chemother-
apy duration and higher total chemother-
apy dose than patients who received GPN
alone [mean difference 31.9 days (95% CI
20.2-43.5); 215.8 mg (136.1-295.5)] or nei-
ther GPN/GJG [21.0 days (95% CI 9.5-32.5);
127.1 mg (48.6-205.6)]. Patients who received
GPN + GJG non-simultaneously also had a
longer duration and higher total dose than
patients who received GPN alone or nei-
ther GPN/GJG. Additionally, patients who
received non-simultaneous GPN + GJG had a
longer duration than those who received GJG

alone. Patients who received GJG alone had a
longer duration, and those who received GPN
alone had a shorter duration, than those who
received neither GPN/GJG. Compared with
those who received neither GPN/GJG, those
who received GJG alone had a higher total
dose, and those who received GPN alone had a
lower total dose.

Among patients receiving oxaliplatin for
gastric cancer, those who received GPN + GJG
non-simultaneously had longer chemotherapy
duration and higher total chemotherapy dose
than patients who received GPN alone, GJG
alone, or neither GPN/GJG. However, patients
who received GPN + GJG simultaneously did not
have longer duration or higher total dose than
patients who received GPN alone, GJG alone,

A\ Adis



Adv Ther (2025) 42:2833-2852 2845

Table 3 Duration and total dose of oxaliplatin and paclitaxel by GPN and GJ G treatment regimen and cancer type

GPN*+ GJG GPN* + GJG GPN* alone GJG alone Neither GPN*/
(simultaneous) (non-simultaneous) GJG
Ogxaliplatin
Colorectal cancer
Patients, 7 (%) 367 (5.47) 65 (0.97) 2256 (33.60) 1172 (17.45) 2855 (42.52)

Duration of chemotherapy (days)
Mean £SD  120.2 £116.3*** 145.9 £126.6™*** 883 +103.0"  109.4+1115" 99.2 + 1034
Median 92 113 64 85 77
Total dose® of chemotherapy (mg)
Mean + SD 1026.4 + 771.2*+* 1129.2 + 654.6** 810.6 +763.6™* 972.8 + 743.2%F 899.3 £+ 673.1
Median 850 1030 600 800 800

Gastric cancer
Patients, 7 (%) 108 (4.68) 28 (1.21) 881 (38.14) 273 (11.82) 1020 (44.16)
Duration of chemotherapy (days)
Mean+SD  100.1+77.6 170.1 + 1325+ 867 +105.6 108.4 + 118.1** 88.0 £ 94.8
Median 90.5 148 56 85 64

Total dose® of chemotherapy (mg)

Mean + SD 840.5 + 555.8 1221.1 + 636.6™***+ 7576 +713.3 876.4 + 666.6"F 740.2 + 592.8
Median 760 1125 550 750 600
Paclitaxel

Gastric cancer

Patients, 7 (%) 272 (8.67) 65 (2.07) 1536 (48.93) 397 (12.65) 869 (27.68)
Duration of chemotherapy (days)

Mean + SD 154.2 + 157.6%%*F 281.7 5253+ %+ 107.9 + 141.5 1282 + 149.7* 107.9 + 149.4
Median 105.5 148 64 85 63

Total dose® of chemotherapy (mg)
Mean + SD 1908.1 + 1953.0***+ 26737 + 33664+  1271.6 +1441.0 15733 +1686.5"F  1202.5 + 1462.0

Median 1275 1560 800 1040 720
Lung cancer
Patients, 2 (%) 371 (7.75) 58 (1.21) 2235 (46.70) 609 (12.72) 1513 (31.61)

Duration of chemotherapy (days)

Mean + SD 105.9 + 158.7*+* 153.0 £ 1292+ 72341013 983 + 156.4"+ 69.6 £ 112.0
Median 64 1025 45 64 40

Total dose® of chemotherapy (mg)

Mean + SD 1469.0 + 1678.3*** 2093.6 +2002. 1" 1139.8 + 1280.7"  1334.6 + 1558.4""  1048.7 + 1188.2
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Table 3 continued

GPN* + GJG GPN* + GJG GPN* alone GJG alone Neither GPN*/
(simultaneous) (non-simultaneous) GJG
Median 990 1445 800 940 660
Breast cancer
Patients, 7 (%) 919 (12.52) 161 (2.19) 2770 (37.72) 2107 (28.69) 1386 (18.88)
Duration of chemotherapy (days)
Mean+SD  120.2 + 188.7*+** 157.0 £229.6*"**  88.9+132.6 97.1+147.3 91.0+ 1383
Median 64 71 50 64 57
Total dose® of chemotherapy (mg)
Mean + SD 1658.2 + 2097.0*++ 1937.7 £ 21749+ 1270.0 + 1459.2  1387.1 + 1482.5""  1248.0 + 1334.2
Median 1170 1300 900 1130 960

Data are shown as mean values unless otherwise stated

CIPN, chemotherapy-induced peripheral neuropathy; GPN, gabapentinoid; GJG, goshajinkigan, SD, standard deviation

*p < 0.05 vs. GPN alone
**p < 0.01 vs. GPN alone
#p < 0.05 vs. GJG alone™p < 0.01 vs. GJG alone

*p < 0.05 vs. neither GPN/GJG**p < 0.01 vs. neither GPN/GJG

*Either mirogabalin besylate or pregabalin

®Total dose of the chemotherapy drug, defined as the total amount administered from the date of the first administration of
the chemotherapy drug after CIPN diagnosis to the date of the last administration of the chemotherapy drug

or neither GPN/GJG. Compared with those who
received neither GPN/GJG, those who received
GJG alone had longer duration and higher total
dose, while those treated with GPN alone did
not.

Regarding paclitaxel for gastric cancer,
patients who received GPN + GJG simultane-
ously or non-simultaneously had a longer chem-
otherapy duration and a higher chemotherapy
total dose than patients who received GPN
alone, GJG alone, or neither GPN/GJG. Com-
pared with those who received neither GPN/
GJG, those who received GJG alone had a longer
duration and a higher total dose, while those
who received GPN alone did not.

Similar trends were also observed for patients
who received paclitaxel for lung cancer. Patients
who received GPN + GJG simultaneously and

non-simultaneously had a longer chemotherapy
duration and a higher total chemotherapy dose
than patients who received GPN alone or neither
GPN/GJG. Patients treated with GPN + GJG non-
simultaneously also had a longer duration and
a higher total dose than patients who received
GJG alone. Compared with patients treated with
neither GPN/G]JG, those who received GJG alone
had a longer duration and a higher total dose,
and those treated with GPN alone had a higher
total dose.

In patients with breast cancer, patients who
received GPN + GJG simultaneously or non-
simultaneously had a longer chemotherapy
duration and a higher total dose than patients
who received GPN alone, GJG alone, or neither
GPN/GJG. Compared with patients treated with
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neither GPN/GJG, those who received GJG alone
had a higher total dose.

DISCUSSION

This retrospective cohort study, conducted with
data from the EBM Provider database, investi-
gated the chemotherapy total dose and dura-
tion in patients diagnosed with CIPN, including
those who did or did not receive treatment with
GPN and/or GJG. We observed that patients
who received either GPN or GJG alone tended
to have longer chemotherapy durations and
higher doses versus those who received neither
GPN/GJG, although there were some excep-
tions to this tendency. Furthermore, patients
who received both GPN and GJG, simultane-
ously or non-simultaneously, had even longer
durations and higher total chemotherapy doses
than patients who received either GPN or GJG
alone. These findings suggest that combination
treatment with GPN + GJG may have the poten-
tial to reduce the need for dose reductions or
chemotherapy discontinuation in patients with
cancer and CIPN.

In Japan, Kampo medicines are often used as
part of supportive and palliative cancer therapy
to treat CIPN and other conditions, including
anorexia, cachexia, and oral mucositis [29, 30].
In this study, fewer than 30% of patients with
cancer and CIPN received GJG. The proportion
of women treated with GJG tended to be higher
than the overall male:female ratio for each anti-
cancer drug. Japanese women more often experi-
ence peripheral coldness than men [31], and a
previous study has reported that Aconiti tuber, a
component of GJG, could be effective at improv-
ing peripheral coldness symptoms in patients
with CIPN [32]. It is possible that some of the
women treated with GJG in our study may have
received GJG prescriptions to treat peripheral
coldness, which warrants further investigation.

In this study, the effects of GPN and GJG on
peripheral neuropathy could not be analysed.
The pharmacological effects of these drugs have
been previously reported: GPNs act through
voltage-gated calcium channels [22], whereas
GJGs act through several mechanisms, including

interactions with cortical astrocytes, suppression
of TRP channel gene expression, and reduction
of oxaliplatin-induced reactive oxygen spe-
cies [23-26]. This suggests that GPNs and GJG
achieve their pain relief and analgesic effects
through different mechanisms. We are cur-
rently using an animal model of CIPN to com-
pare the improvement of CIPN with combined
GPN + GJG versus GPN or GJG alone, and are
investigating whether the effects are additive or
synergistic. We also plan to analyse the mecha-
nism of CIPN improvement when GPN and GJG
are used in combination.

Duloxetine is also commonly used to treat
CIPN [7, 14]. In this study, fewer than 13% of
patients in each group received duloxetine.
Therefore, we believe that the use of concomi-
tant duloxetine would have had a minimal
effect on the observed chemotherapy total dose
or duration.

The EBM Provider database did not include
information regarding whether GPN or GJG
were prescribed for treating CIPN, or any infor-
mation regarding CIPN severity. Thus, we were
unable to evaluate any trends regarding the
improvement or worsening of CIPN. Further-
more, the database did not distinguish between
chemotherapy prescribed as neoadjuvant, adju-
vant, or for advanced recurrence, which can
vary greatly in terms of chemotherapy dura-
tion. Therefore, we evaluated the chemother-
apy duration and total doses from the date
of first administration of the chemotherapy
drugs after the first CIPN diagnosis, rather than
from the start of chemotherapy, and we did
not assess whether patients had discontinued
chemotherapy or reduced the dose of chemo-
therapy after the onset of CIPN by comparing
with data prior to CIPN diagnosis. Neverthe-
less, the large population included was made
possible by the EBM Provider database and
remains a strength of the study.

Many reports have shown that higher chemo-
therapy dose intensity in patients with cancer
is associated with favourable outcomes, such
as prolonged overall survival, whereas dose
reductions of chemotherapy are associated
with poor outcomes [33-35]. Studies of other
potential treatments for CIPN, including cool-
ing of hands and feet, have shown variable

A\ Adis



2848

Adyv Ther (2025) 42:2833-2852

results at preventing chemotherapy dose reduc-
tions [36-38], although a recent meta-analysis
reported that the incidence of taxane dose
reduction was decreased with cryotherapy (risk
ratio: 0.48, 95% CI 0.24, 0.95; p = 0.04) [39].
Although our study did not record the inci-
dence of chemotherapy dose reductions, we
found that patients who received either GPN or
GJG had longer durations of chemotherapy and
higher total chemotherapy doses than patients
who did not receive these treatments, includ-
ing when stratified by cancer type. This may
suggest that treatment with GPN, GJG, or both
has the potential to support the maintenance of
chemotherapy dose intensity and prevent chem-
otherapy dose reductions in patients with CIPN.
Although not assessed in this study, prevention
of chemotherapy dose reductions with GPN
or GJG treatment may contribute to improved
patient outcomes. Furthermore, patients at
higher risk of CIPN (those treated with oxalipl-
atin or paclitaxel) [1, 2] who received GPN + GJG
had a higher duration and higher total chemo-
therapy dose than those who did not receive
these treatments, further supporting the use
of combination GPN + GJG treatment in these
patients. Overall, our findings suggest that com-
bination therapy with GPN and GJG could be a
promising candidate for further study.

LIMITATIONS

This study had several limitations that should be
considered when interpreting the results. First,
no information on AEs associated with GPN or
GJG was collected or assessed in the EBM Pro-
vider database; thus, we cannot speculate on
the safety of these agents when used in com-
bination as supportive care for cancer patients.
However, the AE profile of the GPN drug class is
well known [9], and a prior report indicated that
GJG is well tolerated without serious adverse
reactions in patients with cancer [18]. Second,
we did not conduct a multiplicity adjustment.
Therefore, the p values provided are for refer-
ence only and cannot be used to draw defini-
tive conclusions. Finally, data for other risk fac-
tors for neuropathy, such as diabetes, were not

collected, and, as such, their effects could not
be taken into account in the analysis. To miti-
gate the impact of this on the study findings,
patients with a diagnosis of neuropathy [periph-
eral neuritis (3545003), numbness (7820002),
numbness of lower extremity (782006), numb-
ness of extremities (7820018), peripheral neu-
ropathy (8840255), peripheral neuropathic pain
(8846220 and 8849550), or neuropathic pain
(8847489)] prior to the administration of anti-
cancer agents were excluded from the analysis.
However, we note that patients who developed
diabetes after receiving anticancer agents or
those who developed diabetes before receiving
anticancer agents but did not develop neuropa-
thy until later in the study, would not have been
excluded. Focusing on the above points, further
investigation is needed to assess the safety and
efficacy of combination GPN + GJG therapy in
patients with cancer.

CONCLUSION

The findings of this retrospective study suggest
that combination GPN + GJG therapy might be
effective for the treatment of CIPN, and could
potentially be a suitable supportive care regimen
for patients undergoing cancer chemotherapy.
Prospective clinical trials are needed to evalu-
ate whether the combined use of GPN + GJG is
effective and safe in these patients.
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