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Abstract

Purpose Chemotherapy-induced peripheral neuropathy (CIPN) limits the dose of chemotherapy and reduces patients’ quality of
life. Goshajinkigan is a Japanese herbal medicine used to alleviate neuropathy and general pain. A clinical guideline for
prevention and management of CIPN stated that the prophylactic efficacy of goshajinkigan against CIPN was inconclusive.
We conducted a systematic review to examine whether goshajinkigan prevents CIPN in patients receiving neurotoxic
chemotherapy.

Methods We searched PubMed, EMBASE, Ichushi, and the Cochrane Central Register of Controlled Trials for eligible trials.
Randomized controlled trials that examined the efficacy and safety of goshajinkigan for prevention of CIPN were included. Our
primary outcomes were incidence of CIPN, response to chemotherapy, and adverse effects. We pooled data using a random
effects model.

Results We analyzed five trials involving a total of 397 patients. When evaluated with Neurotoxicity Criteria of Debiopharm,
goshajinkigan was associated with reduced incidence of CIPN of grade > 1 (risk ratio [RR] 0.43; 95% CI, 0.27 to 0.66) and grade
3 (RR 0.42; 95% CI, 0.25 to 0.71), but this beneficial association was not found for grade >2 of CIPN. Goshajinkigan was not
associated with reduced incidence of CIPN when assessed with the National Cancer Institute Common Terminology Criteria for
Adverse Events, or improved response to chemotherapy. Goshajinkigan was well tolerated based on one trial.

Conclusions Goshajinkigan is unlikely to prevent CIPN in patients undergoing neurotoxic chemotherapy. Given the low quality
and insufficient amount of the evidence, use of goshajinkigan as standard of care is not currently recommended.

Keywords Chemotherapy-induced peripheral neuropathy - Prevention - Goshajinkigan - TJ-107 - Meta-analysis - Systematic
review

Introduction CIPN varies according to the type of chemotherapy, but is gen-

erally estimated to be 68 and 30% in the short and long term,

Chemotherapy-induced peripheral neuropathy (CIPN) is a  respectively [31]. CIPN limits physical function and functional

common treatment-related adverse effect. The prevalence of  quality of life in cancer patients, leading to dose limiting of

chemotherapy [25]. The economic impact of CIPN is also sub-

stantial, because CIPN leads to excess healthcare costs and
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ten raw botanical materials in fixed proportions [5] and has

been used in Japan to treat diabetic neuropathy [33, 36], over-
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of CIPN. Some observational and animal studies have also
suggested that goshajinkigan may prevent CIPN [2—4, 13,
17, 21, 23, 24, 35]. A clinical guideline for prevention and
management of CIPN in adult cancer patients was published
by the American Society of Clinical Oncology in 2014 [9]. In
this guideline, goshajinkigan was mentioned, but its prophy-
lactic efficacy on CIPN was considered inconclusive based on
one randomized trial [26]. Randomized trials have been con-
ducted to examine the effect of goshajinkigan for prophylaxis
of CIPN, but results have been conflicting. To our knowledge,
however, no systematic review has summarized these study
results.

Herein, we conducted a systematic review and meta-
analysis to assess the evidence on efficacy and safety of
goshajinkigan for prevention of CIPN.

Materials and methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement for reporting
systematic reviews [22]. Our protocol was registered at
PROSPERO (CRD42017062691). Using Medline [inception to
August 15, 2017], EMBASE [inception to August 10, 2017],
Ichushi (Japanese database of scientific literature and abstracts
of scientific meetings) [inception to August 15, 2017], and the
Cochrane Central Register of Controlled Trials [inception to
August 15, 2017], we searched for randomized trials of
goshajinkigan for prevention of CIPN. Our search strategy in-
cluded the following terms: “goshajinkigan,” “gosha-jinki-gan,”
“go-sha-jinki-gan,” “niu-che-shen-qi-wan,” and “TJ-107”
(Supplementary Table 1). We also reviewed references within
the retrieved articles, searched Google Scholar, and contacted
Tsumura & Co., the manufacturer of goshajinkigan, for poten-
tially relevant studies. We placed no language restrictions on our
search.

We included randomized controlled trials that assessed the
efficacy and safety of goshajinkigan for prevention of CIPN in
cancer patients undergoing neurotoxic chemotherapy. We
considered adult patients aged > 18 who had cancer, such as
colon, ovarian, or breast cancers, and who received neurotoxic
chemotherapy including taxanes, vinca alkaloids, and plati-
num agents. We excluded patients that had already developed
CIPN. We considered goshajinkigan of any dose as a
“prophylactic” intervention against CIPN. We excluded stud-
ies that examined goshajinkigan as a “treatment” of CIPN that
had already developed in patients. We accepted the following
comparators as the control: placebo, no intervention, and any
agents that are currently known to not reduce or prevent
CIPN. We excluded quasi-randomized and non-randomized
trials, and observational studies. Two authors (AK and KE)
independently reviewed the list of articles obtained by the
search and selected eligible articles. These same authors then
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independently extracted the following data: (1) patient demo-
graphics (age, sex, underlying malignancy), (2) study charac-
teristics (study sites, trial registry numbers), (3) information
on interventions (dose of goshajinkigan, comparators), and (4)
outcomes of interest. We also assessed the risk of bias using
the Cochrane risk of bias assessment tool [10]. Any discrep-
ancy was resolved through consensus.

Our primary outcomes were the following: (1) incidence of
CIPN, (2) response to chemotherapy, and (3) adverse events
related to goshajinkigan. Our secondary outcomes included
the following: (1) proportion of patients that completed sched-
uled courses of chemotherapy and (2) disease control. We
considered all these outcomes at the latest time points of the
trial.

Dichotomous outcomes were combined using risk ratios
(RRs). When trials had zero events in either arm, continuity
corrections were applied with the addition of 0.5 to each cell
of 2 x2 tables from the trial [32]. We attempted to ask the
original study investigators for necessary information if an
email address was provided. Three authors from four trials
responded [18, 20, 26, 27]. We pooled data using the
DerSimonian and Laird random effects model [6]. Statistical
heterogeneity was assessed visually with Galbraith plots [§]
and statistically with the /* and O statistics [11]. Given the
limited number of trials, we were unable to assess small study
effects or publication bias.

We conducted sensitivity analysis by excluding trials with
high or unclear risk of bias in sequence generation, allocation
concealment, and blinding of outcome assessors. The thresh-
old of statistical significance was set at p < 0.05. All analyses
were performed with Stata SE, version 15.0 (Stata Corp.,
College Station, TX, USA).

Results
Overview of the included trials

Our search yielded 234 articles (Fig. 1). After application of
our inclusion and exclusion criteria, five trials involving a total
of 397 patients were included for analysis [1, 18, 20, 26, 27]
(Table 1). Three trials included patients with colorectal cancer
[20, 26, 27] and two with breast cancer [1, 18]. Accordingly,
two trials used modified FOLFOX 6 [26, 27], one used
FOLFOX 4 or modified FOLFOX 6 [20], one employed
weekly paclitaxel, and one used docetaxel-based therapy [1,
18]. Three trials reported the cumulative dose of chemothera-
py; two trials administered oxaliplatin of 1105 to 1120 mg/m?
and 750 to 793 mg/m?, respectively [26, 27]; and one trial [1]
administered docetaxel of approximately 340 mg/m?. The
number of patients per trial ranged from 18 to 186, and ages
ranged from 35 to 88 years. Study durations varied from 12 to
26 weeks, and two trials did not state the trial duration. In all
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Fig. 1 Study selection

Records identified through database searching

Additional records identified through other

(o= 234) sources (= 0)
A 4
Records screened _) Records excluded after screening abstracts
(0= 234) (o= 221)
A 4
Full-text articles assessed for eligibility
(= 13)
Full Text Articles Excluded (n=8)
Reasons for exclusion:
> 1. Duplicate publication (n= 1)
2. Observational studies/ case series (n= 4)
3. Goshajikingan as treatment (n= 2)
4. Reviews (n=1)
\ 4

Studies included in qualitative and quantitative synthesis
@=75)

trials, patients were orally administered 7.5 g per day of
goshajinkigan during the study period. For the comparator,
two trials used placebo [20, 27], two used no intervention
[18, 26], and the remaining trial administered mecobalamin
[1], for which no evidence supports its ability to prevent
CIPN. One trial was terminated early [27]. Oki et al. conduct-
ed a phase III, double-blind, placebo-controlled trial in pa-
tients with colon cancer undergoing oxaliplatin-based chemo-
therapy. They planned to enroll 310 patients, but the study was
terminated due to an interim analysis of 142 patients suggest-
ing an increased incidence of CIPN in the goshajinkigan
group (hazard ratio, 1.908; p =0.007).

Risk of bias assessment

Overall, four trials (80%) had adequate sequence generation
and adequate concealed allocation, and outcome assessors
were judged to be adequately blinded in two trials (40%)
(Table 2). Three studies (60%) were deemed to be at low risk
of incomplete outcome data. Four trials (80%) were registered
and free of selective reporting.

Primary outcomes

Two definitions for CIPN were used: the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) in four studies [1, 18, 20, 27] and the
Neurotoxicity Criteria of Debiopharm (DEB-NTC) in three
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[1, 26, 27]. For trials using NCI-CTCAE, goshajinkigan was
not associated with reduced incidence of any grade of CIPN
compared with the control (Fig. 2; Supplementary Table 2).
For trials using DEB-NTC, goshajinkigan was associated with
significantly reduced incidence of grade >1 CIPN (RR 0.43;
95% confidence interval [CI], 0.27 to 0.66), and grade 3 CIPN
(RR 0.42; 95% CI, 0.25 to 0.71; df=1; * = 0.0%; p=0.93)
(Fig. 3; Supplementary Table 2). However, goshajinkigan was
not associated with reduced incidence of grade >2 CIPN (RR
0.78; 95% CI, 0.36 to 1.72; df=2; F=94.7%; p <0.001),
when measured with DEN-NTC.

Compared with the control, goshajinkigan was not associ-
ated with improved tumor response (RR 1.01; 95% CI, 0.72 to
1.42; 0=1.13; df=1; P =11.2%; p = 0.29).

Adverse events related specifically to goshajinkigan were
mentioned in only one trial, which reported that goshajinkigan
was well tolerated.

Secondary outcomes

The number of patients who completed the scheduled chemo-
therapy was reported in only one trial [1]; all patients from
each treatment group completed the therapy.

Disease control was reported in two trials [20, 26].
Compared with the control, goshajinkigan was not associated
with better disease control (RR 0.96; 95% CI, 0.85 to 1.08;
0=031;df=1; 7 =0.0%; p=0.56).
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Table 2  Risk of bias in included studies

Trial ID Sequence Allocation Blinding of Blinding of Incomplete  Selective Other
generation concealment participants and outcome outcome outcome source

personnel assessors data reporting of bias

Nishioka 2011 Unclear Low High High Unclear High Low

Abe 2013 Low Unclear High Unclear Low Low Low

Kono 2013 Low Low Low Low Low Low Low

Kawabata Low Low High High High Low Unclear

2014
Oki 2015 Low Low Low Low Low Low Unclear

Sensitivity analysis

We conducted sensitivity analyses of the incidence of CIPN
(Table 3). Many analyses were hindered by the small number
of included trials. However, all possible sensitivity analyses
showed results similar to those of the primary analyses.

Discussion

Our analysis suggests that goshajinkigan was not associated
with reduced incidence of CIPN when measured with NCI-
CTCAE. Goshajinkigan was associated with reduced inci-
dence of grade >1 and grade 3 CIPN when measured with
DEB-NTC, but this significant association disappeared in the
incidence of grade >2 CIPN. All sensitivity analyses were
consistent with the primary outcome analysis regarding the
incidence of CIPN, thereby confirming the robustness of our
analysis. However, we identified no evidence to support the

Fig. 2 Incidence of

Favors Goshajinki
chemotherapy-induced peripheral avors Goshajinkigan

Trial (Year)

use of goshajinkigan for other outcomes, and we found a
paucity of safety information related to goshajinkigan.

Our study provided conflicting results about the incidence
of CIPN when measured with DEB-NTC; there was a bene-
ficial association found for grade > 1 and grade 3 CIPN, and
none for grade > 2 CIPN. There are two potential explanations
for this finding. First, Oki et al. reported an increased inci-
dence of grade >2 CIPN associated with goshajinkigan [27];
their study did not detail the incidence of grade > 1 and grade 3
CIPN measured with CIPN. The other two studies showed a
beneficial effect of goshajinkigan to prevent CIPN for most
grades of CIPN [1, 26]. Second, the study by Oki et al. was
much larger than the others in sample size, and thus, the
pooled outcomes for grade >2 might have been non-signifi-
cant. It is known that large treatment effects emerge from
small-sized studies [29]. Thus, when future studies of
goshajinkigan to prevent CIPN are conducted with larger sam-
ple sizes, their results might not support the benefit that our
study found for grade > 1 and grade 3 CIPN.

Goshajinkigan
event/ total

Control

Favors Control RR (95% CI) event/ total Weight

neuropathy measured with NCI-CTCAE Grade 21 5
National Cancer Institute Abe 2013 — 0.44 (0.28, 0.69) 1333 2427 2822
Common Terminology Criteria Koo 2013 —0.— 0.88 (0.62, 1.25) 24/44 28145 31.76
for Adverse Events (NCI- Oki 2015 it 1.01 (0.94, 1.09) 84/89 87193 40.02
CTCAE) Kawabata 2014 1 (Excluded) 4/4 66
Total (I-squared= 84.9%, p=0.001) ‘ 0.76 (0.50,1.17)  125/170 1451171  100.00
NCI-CTCAE Grade >2
Abe 2013 —_— 0.38 (0.17, 0.86) 633 1327 21.06
Kono 2013 —t 0.76 (0.47, 1.21) 17144 23145 27.79
Kawabata 2014 +—— 1.80 (0.81, 3.99) 4i4 36 2155
Oki 2015 —— 1.62(1.13,234) 4589 2993 29.60
Total (I-squared= 79.6%, p=0.002) ’ 0.99(0.53,1.85)  72/170 68/171  100.00
NCI-CTCAE Grade 3 j
Abe 2013 * 0.27 (0.01, 6.48) 0733 127 7.83
Kono 2013 —_—— 0.51(0.14,1.92) 3i44 6145 3249
Oki 2015 —+— 1.57(0.74, 3.30) 15189 1093 59.68
Kawabata 2014 ! (Excluded) 0/4 0/6
Total (I-squared= 30.8%, p=0.236) ‘ 0.95 (0.38, 2.39) 18/170 17171  100.00
Note: Box size is proportional to study weight
1 1
0.012 1 83
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Fig. 3 Incidence of Goshajinkigan ~ Control
9 . . Trial (Year) Favors Goshajinkigan Favors Control ~ RR (95% CI) event/ total event/ total Weight
chemotherapy-induced peripheral
neuropathy measured with .
Neurotoxicity Criteria of DEB-NTC Grade >1 :
Debiopharm (DEB-NTC) Abe 2013 ¢ 0.43 (0.27, 0.66) 13133 2527 100.00
Total ‘ 0.43 (0.27, 0.66) 13/33 25/27  100.00
DEB-NTC Grade 22 j
Nishioka 2011 —— 0.69 (0.51, 0.92) 1522 23/23 34.03
Abe 2013 —_— | 0.40 (0.24, 0.65) 1131 2427 31.29
Oki 2015 —r 1.62 (1.30, 2.03) 73/89 47/93 34.68
Total (I-squared= 94.7%, p< 0.001) —-‘- 0.78 (0.36,1.72)  99/142 94/143  100.00
DEB-NTC Grade 3
Nishioka 2011 — 0.43 (0.22,0.83) 722 17:23 61.83
Abe 2013 . 0.41 (0.18,0.95) 6/33 1227 38.17
Total (I-squared= 0.0%, p= 0.925) ‘ 0.42 (0.25,0.71) 13/55 29/50  100.00

Note: Box size is proportional to study weight

T
0.012

Although we acknowledge that our findings represent low-
quality evidence, the difference in the finding between the
DEB-NTC and the NCI-CTCAE outcomes suggests that
goshajinkigan may potentially have beneficial effects on du-
ration of peripheral neurotoxicity, though less so on the com-
posite of activities of daily living. NCI-CTCAE assesses the
severity of neuropathy that affects daily living, whereas DEB-
NTC focuses on the duration of peripheral neurotoxicity. A
discrepancy in evaluations between the scales has been report-
ed [14]. This discrepancy may have resulted in the inconsis-
tent findings regarding the prophylactic efficacy of
goshajinkigan in our meta-analysis. Our study narrowly sug-
gested that goshajinkigan might be favored in terms of the
duration of peripheral neurotoxicity compared with controls
as shown in the measurement of DEB-NTC.

Table 3

Avoiding dose limitations, completing chemotherapy, and
achieving disease control are the ultimate patient-oriented goals
associated with prophylaxis of chemotherapy-induced adverse
effects. However, these patient-oriented outcomes were reported
in only a few trials, and we could not draw firm conclusions
about the efficacy of goshajinkigan for these outcomes. Any
supportive care should be safe and well tolerated, because pa-
tients already endure chemotherapy-related adverse effects.
However, our review failed to demonstrate the safety of
goshajinkigan, due to under-reporting of adverse effects associ-
ated with goshajinkigan in original studies, similar to what has
been seen in trials of other forms of herbal medicine [7, 28].
Some trials in other populations with benign disease have report-
ed gastrointestinal symptoms (nausea, gastric discomfort, and
diarrhea) as adverse effects related to goshajinkigan [15, 38].

Sensitivity analysis of the incidence of chemotherapy-induced peripheral neuropathy

Analyses with trials with low
risk of bias in sequence generation

Analyses with trials with low
risk of bias in allocation concealment

Analyses with trials with low risk
of bias in blinding of outcome assessors

No. of studies ~ Risk ratio (95% CI)

No. of studies

Risk ratio (95% CI) No. of studies Risk ratio (95% CI)

National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE)

Grade 1 or greater 4 0.77 (0.50, 1.18) 3
Grade 2 or greater 4 0.99 (0.53, 1.85) 3
Grade 3 4 0.95 (0.38, 2.39) 3

Neurotoxicity Criteria of Debiopharm (DEB-NTC)

Grade | or greater 1 0.43 (0.28, 0.66)
Grade 2 or greater 2 0.82 (0.21, 3.24) 2
Grade 3 1 0.41 (0.18, 0.95)

1.00 (0.93, 1.08)
1.27 (0.77,2.22)

1.00 (0.93, 1.08)
1.12 (0.53,2.37)

1.03 (0.36, 2.98) 2 1.03 (0.36, 2.98)
NA - NA

1.06 (0.46, 2.46) 1 1.62 (1.30, 2.03)

0.43 (0.22, 0.83) - NA

NA, not applicable
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Animal studies have shown that goshajinkigan may pre-
vent acute and chronic CIPN in rodents given paclitaxel,
oxaliplatin, and vincristine without affecting the anti-tumor
effects of these agents [3, 4, 17, 21, 23, 24, 35].
Pretreatment or co-administration of goshajinkigan was
common in these studies. However, Kono et al. suggested
that given the fast absorption of some neuroprotective
compounds in goshajinkigan (30 to 60 min after adminis-
tration) and the delayed peak of oxaliplatin concentration
in serum (90 min after administration), goshajinkigan
should be administered before oxaliplatin for efficient neu-
roprotective effects [21]. This needs to be investigated in
future trials to elucidate an effective schedule for adminis-
tration of goshajinkigan.

The latest clinical guideline for prevention and manage-
ment of CIPN suggests that only a limited number of agents
(acetylcysteine, carbamazepine, glutamate, venlafaxine, and
goshajinkigan) can provide prophylaxis of CIPN, but the ev-
idence supporting such a recommendation was considered
insufficient or inconclusive [9]. When our findings of the in-
cidence of CIPN were assessed with the GRADE (Grades of
Recommendation, Assessment, Development and Evaluation)
system [10], the quality of evidence for goshajinkigan for
prophylaxis of CIPN was mostly low or very low (Table 3).
More high-quality research is needed.

Our study had some strengths. First, we conducted an
extensive search in four databases including a Japanese
one. We also asked the pharmaceutical company that man-
ufactures goshajinkigan for more potentially eligible stud-
ies, which ensured that our search was comprehensive.
Second, this is the first systematic review and meta-
analysis that examined goshajinkigan as a preventive agent
of CIPN. Our study found few merits of goshajinkigan as a
prophylactic option against CIPN. However, we elucidated
the weakness of the original studies to facilitate a better
conduct of future studies.

Our study also has some limitations. First, the types of
chemotherapy and underlying cancer types varied across
studies. Our study included trials that employed taxane-
and platinum-based chemotherapy, the most common and
important therapies. However, the small number of trials
precluded an analysis of which patients would potentially
benefit from goshajinkigan. Second, clinically important
outcomes such as the definitions of CIPN, disease control,
and adverse effects were not uniformly reported, which
precluded analyses due to an insufficient number of trials.
Future trials should report CIPN using several definitions
to look at different aspects of CIPN [14] and clinically
important patient-oriented outcomes.

Currently, at least one ongoing trial is examining the
prophylactic efficacy of goshajinkigan in patients receiving
neurotoxic chemotherapy (UMIN000021361) [34]. Also,
Oki et al. plan to assess the 5-year prognosis of their

enrolled patients. The investigators of trials assessing
goshajinkigan for prophylaxis of CIPN should clarify the
points stated above to overcome the limitations of the pre-
vious studies and to facilitate improved analysis that will
inform clinicians and patients.

Conclusion

Goshajinkigan is unlikely to prevent CIPN in patients under-
going neurotoxic chemotherapy. Use of goshajinkigan as stan-
dard of care for prophylaxis of CIPN is not currently recom-
mended. However, given the low quality and insufficient
amount of the current evidence, the efficacy of goshajinkigan
as prophylaxis against CIPN is still inconclusive. More trials
with better, standardized reporting of clinically important out-
comes are needed.

Compliance with ethical standards This article does not contain any
studies with human participants or animals performed by any of the
authors.
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interest.
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