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Background: Ninjin'yoeito, a traditional Japanese herbal medicine, is used to prevent fatigue, loss of ap-
petite, and coldness of limbs. Fatigue is an especially common issue during chemotherapy and can affect
quality of life and the ability to complete scheduled treatment.
Objectives: This prospective exploratory trial evaluates the efficacy of ninjin'yoeito for fatigue in patients
undergoing nab-paclitaxel plus gemcitabine therapy for unresectable pancreatic cancer. The primary end
point was evaluation of fatigue according to Functional Assessment of Chronic Illness Therapy-Fatigue
score during 2 courses of nab-paclitaxel plus gemcitabine therapy. Secondary end points included eval-
uation of dose intensity, appetite loss using numerical rating scale, and peripheral neuropathy using a
patient neurotoxicity questionnaire.
Methods: We compared data from this interventional trial with a prior observational trial without admin-
istration of ninjin’yoeito with identical definition of end points (UMIN000021758). Thirty patients were
required by the study.
Results: Threshold mean of Functional Assessment of Chronic Illness Therapy-Fatigue score across 8
weeks during chemotherapy was under 5.3 (P=0.002). Secondary end points did not reveal any specific
patterns in appetite loss or degree of pain. No significant changes in patient neurotoxicity questionnaire
concerning sensory/motor disorders were observed, but the mean (SD) incidence of patients with sensory
disturbance was higher between the fifth and eighth weeks (8.8 [1.26]) than during the first and fourth
weeks (4.8 [0.96]) (P=0.003). Clinically significant adverse reactions of ninjin’yoeito were not observed.
Conclusions: Ninjin'yoeito may be useful for improving the symptoms of fatigue caused by nab-paclitaxel
plus gemcitabine in patients with unresectable pancreatic cancer. UMIN Clinical Trials Registry identifier:
UMINO000025606. (Curr Ther Res Clin Exp. 2020; 81:XXX-XXX)
© 2020 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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Introduction resectable or resectable pancreatic cancer at diagnosis, cure is ex-

ceedingly rare, even after curative-intent surgery; the 10-year over-

Pancreatic cancer has an extremely poor prognosis. By 2030
it is expected to surpass breast, prostate, and colorectal can-
cers to become the second most common cause of cancer-related
death.! Although approximately 20% of patients have borderline
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all survival is only 4%.> Most patients with advanced pancreatic
carcinoma report fatigue. Frequent use of multiple chemo-agent
regimen correlates with higher levels of reported fatigue.>~> Inca-
pacitating fatigue often leads to poor quality of life (QOL) in pa-
tients with pancreatic cancer and it can shorten the duration of
treatment because of poor tolerance to standard therapy. To im-
prove the QOL and sustainability of patients who receive these
chemotherapies, supporting therapy based on evidence is urgently
needed. Nab-paclitaxel plus gemcitabine is a first-line therapy and
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a promising treatment for unresectable pancreatic cancer (URPC),
including metastatic/locally advanced pancreatic cancer.># In an
international multicenter randomized Phase III study, frequency
rates of treatment-related adverse events grade >3 were reported
in response to nab-paclitaxel plus gemcitabine therapy, including
neutropenia (38%), leucopenia (31%), fatigue (17%), and peripheral
neuropathy (17%).> The frequency and degree of adverse events
during chemotherapy affect QOL of patients with URPC and thus
the sustainability of therapy. Fatigue, for example, impairs patients’
energy during chemotherapy, a challenge to the sustainability of
therapy.

Natural products can play a critical role in the treatment of
various types of cancers.5-® Ninjin’yoeito (NYT), for example, is
a traditional Japanese herbal medicine and is used to prevent
fatigue, loss of appetite, and coldness of limbs, among other
uses.? 10 NYT extract granules (Ninjin'yoeito TJ-108; Tsumura & Co,
Tokyo, Japan) are manufactured as dried extract of the following
mixed crude drugs: 12.9% rehmannia root, 12.9% Japanese angelica
root, 12.9% Atractylodes rhizome, 12.9% poria sclerotium, 9.7%
ginseng, 8.1% cinnamon bark, 6.5% polygala root, 6.5% peony root,
6.5% Citrus unshiu peel, 4.8% astragalus root, 3.2% Glycyrrhiza, and
3.2% Schisandra fruit.'’ NYT includes constituents that relieve the
fatigue caused by chemotherapy.'>~> Among patients who receive
nab-paclitaxel plus gemcitabine therapy, QOL is often impaired
by fatigue and peripheral neuropathy. Balancing subjective and
objective assessment of these symptoms is difficult in clinical
settings. We previously prospectively assessed the feasibility and
validity of patient-based scales in patients with URPC who under-
went nab-paclitaxel plus gemcitabine therapy'® using Functional
Assessment of Chronic Illness Therapy-Fatigue (FACIT-F) question-
naire,”’ and the Patient Neurotoxicity Questionnaire (PNQ).'® The
threshold mean of FACIT-F score during chemotherapy was 5.3. We
hypothesized that administration of NYT might improve FACIT-F
score during chemotherapy.

The current single center, prospective exploratory trial uses
FACIT-F scores to evaluate the usefulness of NYT for fatigue in
patients undergoing nab-paclitaxel plus gemcitabine therapy for
URPC.

Patients and methods
Protocol digest

This study was approved by the Wakayama Medical Univer-
sity Hospital Institutional Review Board (No. 1895). We designed
2 studies to evaluate the effect of NYT, an observational study
without administration of NYT,'6 then the current interventional
study, in which NYT was administered. No patients were enrolled
in both studies. To facilitate comparison of data with this interven-
tional trial registered on the UMIN Clinical Trials Registry (iden-
tifier: UMIN000025606), patients with severe comorbidities were
excluded, such as severe cardiac/renal failure or bowel obstruction,
and patients unable to intake oral medicine. End points in the cur-
rent study are identical to those in the first observational study so
that fatigue can be evaluated in comparison with patients who un-
derwent nab-paclitaxel plus gemcitabine therapy without receiving
NYT (identifier: UMIN000021758).

Ethical approval and consent to participate

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the in-
stitutional and national research committees and with the 1964
Helsinki declaration and its later amendments or comparable eth-
ical standards. Informed consent was obtained from all individual
participants included in the study.
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Product quality and safety management

The current quality standards for traditional Japanese herbal
medicines are set based on notification from the Ministry of Health
and Welfare in 1980 (Pharmaceutical Trial No. 804) and 1985
(Pharmaceutical Trial No. 2120). Based on this setting, many test
items are inspected, such as component quantitative tests by in-
strumental analysis. Furthermore, as an in-house standard, quality
tests related to safety, such as to detect pesticide residues and mi-
croorganisms, are also conducted at the Analysis and Formulation
Research Center at Tsumura & Co.

Primary and secondary end points

The primary end point of this study is assessment of fatigue
evaluation according to the FACIT-F questionnaire (version 4) and
additional concerns (Japanese version) during 2 courses of nab-
paclitaxel plus gemcitabine therapy for patients with URPC. Sec-
ondary end points include appetite loss, pain, and sensory disor-
der evaluated by a numerical rating scale (NRS), cumulative sen-
sory/motor neurotoxicity according to PNQ, degree of pain, and
sensory disorder according to NRS, toxicity, and adverse effects
of chemotherapy using Common Terminology Criteria for Adverse
Events (CTCAE), and completion of scheduled chemotherapy.

Treatment

One cycle of regimen comprised the following: on days 1, 8,
and 15 over a 4-week period, enrolled patients were administered
a 30-minute intravenous infusion of nab-paclitaxel at a dose of 125
mg/m2. This was followed by a 30-minute intravenous infusion of
gemcitabine at a dose of 1000 mg/m2.> There was 1 week of rest
between each cycle. Criteria for restart, dose reduction, and dis-
continuation of chemotherapy were also as previously reported.’
Treatment was repeated until disease progression, if toxicity levels
became unacceptable, or when discontinuation was decided either
by patient refusal or by the investigators. Where there was no dis-
ease progression, patients continued chemotherapy.

Assessments

Before administration of nab-paclitaxel plus gemcitabine, en-
rolled patients completed FACIT-F (version 4) and questionnaires
on any additional concerns, an NRS test on appetite loss, degree of
pain, sensory disorder (cold or burning), and PNQ. The first 2 cycles
of continuous regimen comprised an 8-week period of therapy, and
questionnaires and tests were completed on registration day and
weekly thereafter on days 1, 8, 15, 22, 29, 36, 43, and 50. FACIT-F
was assessed by degree, which was converted to numerical values
as follows: 0=not at all, 1=a little bit, 2 =somewhat, 3 = quite
a bit, and 4 =very much. Total values were recorded weekly for
each questionnaire. Appetite loss, degree of pain, and sensory dis-
order were assessed by NRS converted to 0 to 10, cumulative sen-
sory/motor neurotoxicity were assessed with PNQ converted to 0
to 4. Toxicity and adverse effects of chemotherapy were assessed
in accordance with CTCAE version 4.0. Complete blood counts and
differential count of leukocytes, blood chemical tests, and physical
examinations were carried out at least every week until the end
of the 2 cycles, then every 2 weeks thereafter. In cases of grade 4
hematological toxicity, re-examination within 4 days was required.

Eligibility criteria

Inclusion criteria
Inclusion criteria were:
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+ Nab-paclitaxel
chemotherapy;
Eastern Cooperative Oncology Group (ECOG) performance status
(PS) of 0 or 1;

» Age >20 years;

« Laboratory tests within 14 days of registration: white blood cell
count >3500/mm?3 and <12,000/mm?3, neutrophil count >1500
/mm?3, hemoglobin >9.0 g/dL, platelet count >100,000/mm?3, to-
tal bilirubin <2.0 mg/dL (<3.0 mg/dL in biliary drainage cases),
serum creatinine <1.2 mg/dL, aspartate aminotransferase, ala-
nine aminotransferase <100 IU/L. Patients with URPC during
the study period receive nab-paclitaxel plus gemcitabine ther-
apy as a first line chemotherapy in our institute;

Unresectable pancreatic cancer as defined by National Compre-
hensive Cancer Network version 2.2016 criteria'®; and

» Written informed consent to inclusion in this study.

plus gemcitabine therapy as a first line

Exclusion criteria
Exclusion criteria were:

Severe comorbidity, such as heart failure, renal failure, or bowel
obstruction;

Pregnancy or expecting pregnancy;

Active cancer of other organs;

Intolerance of oral medications;

Use of Japanese herbal medicines (kampo) within a week before
registration; and

Unsuitability due to uncontrollable psychiatric illness.

Registration

Eligibility report forms were sent for registration at Wakayama
Medical University Clinical Study Support Center. Information re-
garding the necessary follow-up tests was sent from there to the
Second Department of Surgery.

Treatment method

NYT extract granules for ethical use (Tsumura) were adminis-
tered orally at a dose of 3 g before meals 3 times daily (total 9
g/day) for 8 weeks from commencement of chemotherapy.

Discontinuation of protocol treatment criteria

If patients presented grade 3 NYT-related adverse effects (CT-
CAE version 4.0 criteria) protocol treatment was to be immediately
discontinued.

Data collection

Data were collected prospectively for all patients, including his-
tory, physical data, laboratory data, pathologic examination, and
patient-based scale parameters.

Sample size calculation

We conducted an observational study to evaluate fatigue and
malaise using FACIT-F in patients with URPC after nab-paclitaxel
plus gemcitabine therapy.'® Mean (SD) increase in FACIT-F at 8
weeks after chemotherapy was 5.3 (7.2). In the current trial, we
expected the mean of this score to be less than half of that of the
previous study. We set expected mean (SD) at 2.3 (7.2). The null
hypothesis: Mean increase of FACIT-F score within 8 weeks during
chemotherapy was 5.3, and alternative hypothesis: Mean of FACIT-
F score within 8 weeks during chemotherapy was under 5.3, were
assessed using a 1-sample t test with significance level of 0.05 and
a power of 0.80. The necessary sample size was therefore 26 pa-
tients. Total sample size was set at 30 patients to account for de-
viation.

Current Therapeutic Research 93 (2020) 100605

32 patients were assessed for eligibility

No patients was excluded for exclusion criteria
2 declined to participate

30 patients were eligible

30 were assigned to
chemotherapy

4 did not complete scheduled
chemotherapy

26 were included in intention to treat
analysis

Figure 1. Consolidated Standards of Reporting Trials diagram.

Statistical analysis

We evaluated the mean FACIT-F score over 8 weeks of
chemotherapy using one sample t test with threshold mean of
5.3. These scores were summarized by mean and 95% CI at each
time point. In other secondary end points, categorical outcomes
were summarized using frequency and percentage and 95% ClI
was calculated using Clopper-Pearson exact method. Continuous
outcomes were median and range. All analyses were performed
using the JMP Statistical Software, version 13 (SAS Institute Inc,
Cary, NC).

Results
Patient characteristics

Between March 2017 and August 2018, 32 patients were as-
sessed for eligibility in our hospital. Thirty of these patients were
enrolled in the study after 2 patients declined to participate. Four
patients (13%) later discontinued the protocol therapy due to dis-
ease progression. All 26 patients (87%) completed the protocol
therapy and were included in the safety analysis (Figure 1). Pa-
tient characteristics at baseline are shown in Table 1. The median
age was 73 years (range =59-79 years), 24 patients had an ECOG
PS 0, and 6 patients had an ECOG PS 1. The primary sites of the
tumors were the head (57%), body (33%), and tail (10%) of the
pancreas. The relative dose intensities of nab-paclitaxel and gemc-
itabine were 86.9% and 86.5%, respectively.
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Table 1

Characteristics of patients in a study to evaluate the effi-
cacy of ninjin'yoeito for fatigue in patients undergoing nab-
paclitaxel plus gemcitabine therapy for unresectable pancre-

atic cancer.
Characteristic Result
Baseline
Male/female sex 17/13*
Age, y 72.5 (59-79)F

Body height, cm
Body weight, kg

159.0 (139.9-186.0)"
56.6 (33.6-92.2)"

Location of pancreatic cancer* 13/17¢
Comorbidity

Diabetes mellitus 10 (33)%

Hypertension 18 (60)¢
PS 0/1 24/6
Frequency of administration 5.2 (3-6)"
Dose reduction 12 (40)%
Metastatic/locally advanced 23/7¢
UICC stage

| 7 (23)%

v 23 (77)8
Completion of chemotherapy 26 (87)%

PS = performance status; UICC=Union for International Can-
cer Control.

* Values are presented as n/n.

T Values are median (range).

 Body-tail/head.

§ Values are presented as n (%).

S
Q| AR
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w |
o | * Threshold mean < 5.3

T T T T T

0 2 4 6 8

Week

Figure 2. Change in Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-F) score. FACIT-F was evaluated by the mean of the degrees; each de-
gree was converted to numerical values as follows: O=not at all, 1=a little bit,
2 =somewhat, 3=quite a bit, and 4 =very much. The y-axis represents the to-
tal number of values. Total values were recorded weekly for each questionnaire.
Threshold mean of FACIT-F score until 8 weeks during chemotherapy was under 5.3
(P=0.002).

Study outcomes

End points

Baseline compliance with completion of FACIT-F, NRS, and
PNQ revealed favorable data deficit in intention to treat analysis
(n=26): 87% of all patients completed all questionnaires. Table 2
shows patient-reported outcomes by means of FACIT-F fatigue eval-
uation in this study. Threshold mean of FACIT-F score within 8
weeks during chemotherapy was under 5.3 (P=0.002) (Figure 2).

Secondary end points did not reveal any specific patterns in ap-
petite loss (Figure 3), or in degree of pain. There was a rapid in-
crease in sensory disorder score during chemotherapy followed by
decrease according to evaluation of the number of patients by NRS
(not shown). These corresponded with the rest periods. No signifi-
cant changes in PNQ concerning sensory/motor disorders were ob-
served, but there were more (mean [SD] patients with sensory dis-
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Figure 3. Change in numerical rating scale (NRS) score. Graphical data of appetite
loss evaluated by NRS. There were no specific patterns.

turbance between the fifth and eighth weeks (8.8 [1.26]) compared
with between the first and fourth weeks (4.8 [0.96]) (P=0.003)
(Table 3). Two patients reported burning pain, and incidences of
cold sensory disorders increased with the number of administra-
tions.

Adverse events

Table 4 shows the overall rate of grade 3 and 4 toxicity during
the protocol treatment (CTCAE version 4.0 criteria). The incidence
of fatigue identified with CTCAE grading was low (3.3%) in this
study. No grade 4 adverse events were observed in 6 patients (20%)
that had neutropenia. One patient had serious adverse effects from
febrile neutropenia, otherwise no patients had sepsis, liver abscess,
or severe diarrhea grade >3. Patients with grade 3 or 4 neutrope-
nia tended to have a decreasing number of neutrophils toward the
end of the second week of each cycle. Clinically significant adverse
reactions of NYT such as pseudoaldosteronism, myopathy, hepatic
dysfunction, or jaundice were not observed.

Discussion

Using the key words ninjinyoeito or ninjin'yoeito, we conducted
a database search of PubMed, Cochrane Library, and Evidence Re-
ports of kampo Treatment for articles written in English, and
Ichushi, J-Stage, and Evidence Reports of kampo Treatment for
those written in Japanese. The search was restricted to articles
published before July 18, 2020. We also performed an additional
hand search for recently published articles. To date, no prospec-
tive studies have investigated the effect of NYT on fatigue suppres-
sion during chemotherapy for pancreatic cancer. The present study
suggests that NYT may be useful for improving fatigue symptoms
in patients with URPC caused by nab-paclitaxel plus gemcitabine
therapy. We prospectively combined subjective and objective as-
sessments of interventional therapy with a traditional Japanese
herbal medicine, NYT, using FACIT-F questionnaire as a patient-
reported outcome measurement. In our clinical experience, we en-
counter fatigue in patients who undergo chemotherapy for pan-
creatic cancer more frequently during the first or second course
than during the third course and after. Results of weekly assess-
ment of fatigue by FACIT-F during the first 2 cycles of consec-
utive chemotherapy with NYT was compared with results from
an identically designed study without NYT.'® The primary end
point of evaluation of fatigue according to FACIT-F was met in the
present study. We previously demonstrated increase in the mean
maximum degree of fatigue from mean baseline values by nab-
paclitaxel plus gemcitabine therapy across all categories of the
questionnaire.'6 In the present study, the threshold mean of FACIT-
F score within 8 weeks of chemotherapy was significantly lower
than that of the previous study.



K.-i. Okada, M. Kawai, S. Hirono et al.

Table 2
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Assessment of effectiveness on version 4 of the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F).

There were 4 missing cases.

FACIT-F* Average increase’ (95% CI) P value against threshold (5.3)
0 wk 8 wk
Present study 12.6 145 1.0 0.002
(9.3 to 16.0) (103 to 18.7)  (-2.5 to 4.6)
Previous study 15.2 20.9 53
(10.4 to 20.0) (14.1 to 27.7)  (-0.1 to 10.7)

The threshold mean of FACIT-F score during chemotherapy was 5.3 in the previous study. In the present study, it was

decreased significantly.
* Values are presented as mean value (95% CI).
T Values are presented as average increase (95% CI).

Table 3

Incidence of sensory disorder in patients with unresectable pancreatic cancer (n=30).
Disorder Week

0 1 2 3 4 5 6 7 8

No change 21 23 23 19 19 19 16 13 17
Cold sensory disturbance 0 3 2 6 8
Burning pain 0 1 2 1 1 1 1 1 2
Deficit 9 3 3 5 6 4 5 8 3
Cases sensory disturbance 0 4 4 6 5 7 9 9 10
Incidence of sensory disturbance (%)' 0 15 15 24 21 27 36 41 37

* Values are presented as number of cases.

T The mean (SD) incidence of patients with sensory disturbance was elevated in fifth to eighth week (8.8 [1.26])
compared with the first to fourth week (4.8 [0.96]) (P=0.003).

Table 4
Toxicity following treatment with neoadjuvant nab-paclitaxel plus gemcitabine ther-
apy in patients with unresectable pancreatic cancer (n=30).

Treatment toxicity* All grades Grade 3 Grade 4
Leukopenia 6 (20) 5(16.7) 0
Anemia 3 (10) 0 0
Thrombocytopenia 10 (33.3) 3(10) 0
Neutropenia 17 (56.7) 11 (36.7) 6 (20)
Liver dysfunction 1(3.3) 0 0
Appetite loss 2 (6.7) 0 0
Nausea 1(3.3) 0 0
Urticaria 5 (16.7) 0 0
Diarrhea 2 (6.7) 0 0
Fatigue 1(3.3) 0 0
Hyponatremia 1(3.3) 1(3.3) 0
Febrile neutropenia 1(3.3) 0 1(3.3)
Cholangitis 1(3.3) 0 0
Interstitial pneumonia 0 0 0
Peripheral sensory neuropathy 1(3.3) 0 0

* Safety was evaluated in accordance with the Common Terminology Criteria for
Adverse Events version 4.0. Values are presented as number of events (%).

The most common adverse events associated with chemother-
apy agents against pancreatic cancer include hematologic events
and gastrointestinal disorders. General disorders, such as fatigue,
can also be significant adverse events that impair patients’ ability
to continue during chemotherapy and prevent maintenance of dose
intensity of chemotherapy. Recent studies have reported favorable
survival outcomes by stronger chemotherapy not only for patients
with URPC, but also those with borderline resectable pancreatic
cancer.> Avoiding dose reduction or discontinuation of treatment
due to fatigue is therefore important for extending patient survival,
for improving QOL, and for neoadjuvant chemotherapeutic effect.
In multiagent regimens for pancreatic cancer, overlooking the inci-
dence of fatigue of patients with URPC is somewhat inevitable.?-*
Cruz et al?® investigated potential biomarkers of fatigue, conclud-
ing that fatigue induced by chemotherapy in patients with breast
cancer is associated with changes in interleukin 1-ra plasma lev-
els and in transforming expression of growth factor-8 lymphocyte.
However, there are no effective means of treating these general

subjective symptoms except for dose reduction or treatment dis-
continuation. Ito et al'? reported that NYT may also be useful for
improving the symptoms of subjective fatigue caused by lenalido-
mide in patients with multiple myeloma.

A possible mechanism of action of NYT in relieving the fatigue
caused by chemotherapy could be an effect of 1 of the constituent
parts, Schisandra fruit (Schisandra chinensis). Schisandra fruit has
been reported to improve endurance and energy metabolism in
exercised rats, and has the potential to upregulate peroxisome
proliferator-activated receptor-gamma coactivator-1v in skeletal
muscle, which is a key regulator of energy metabolism.”> A
metabolic mechanism of a polysaccharide from Schisandra to re-
lieve chronic fatigue syndrome has been reported.'* Alternatively,
a-cubebenoate may act as an antifatigue constituent of Schisandra
through anti-inflammation, and could be of therapeutic use as a
treatment for inflammatory diseases such as cancer."”

Further studies are needed to clarify the detailed mechanisms
behind the antifatigue properties of NYT. Increased treatment du-
ration and sustainability of stronger chemotherapy regimen with
NYT may have the potential to lead to favorable survival outcomes.

This study has several limitations. First, neither the people who
evaluated the patients and gathered data for the subjective scor-
ing systems used nor the patients who provided the responses
were masked as to what the patients had been taking. This is a
major study limitation, and it made it highly likely that evalu-
ator and subject biases affected the responses. Similar potential
bias may also be a consideration in the assessment of adverse
effects. A randomized, double-blind placebo-controlled Phase III
trial is therefore needed to validate the evidence of the present
study. Other limitations of this study include the small sample
size, a single institution-based study, the short observation pe-
riod, lack of evidence about the subjective QOL improvement in
chemotherapy on prognostic survival, lack of subjective data from
patients who discontinued the protocol therapy, unknown suitabil-
ity of timing of intervention, lack of objective discrimination be-
tween chemotherapy-related fatigue and cancer-related fatigue by
an experienced psychiatrist, and the grading setting of assessment
tools.
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Conclusions

NYT may be useful for improving the symptoms of subjective
fatigue caused by nab-paclitaxel plus gemcitabine in patients with
URPC. The low incidence of fatigue may affect the sustainability of
therapy. Additional research in a double-blinded randomized con-
trolled study examining the effects of NYT on fatigue is warranted.

Acknowledgments

Editing and proofreading were provided by Benjamin Phillis
from the Clinical Study Support Center at Wakayama Medical Uni-
versity.

Hiroki Yamaue and Toshio Shimokawa designed the study.
Toshio Shimokawa performed statistical analysis and Ken-ichi
Okada drafted the manuscript. Manabu Kawai participated in the
study design and coordination. Manabu Kawai, Seiko Hirono, Mo-
toki Miyazawa and Yuji Kitahata helped to draft the manuscript.
Seiko Hirono, Motoki Miyazawa, Masaki Ueno, Yuji Kitahata, Ry-
ohei Kobayashi, and Shinya Hayami performed data collection. Hi-
roki Yamaue helped in the revision of the article, and gave ap-
proval for the final write up. All authors read and approved the
final manuscript.

Conflicts of Interests

This work was supported by Tsumura & Co, Tokyo, Japan, under
a research contract. The authors have indicated that they have no
other conflicts of interest regarding the content of this article.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.curtheres.2020.
100605.

References

1. Rahib L, Smith BD, Aizenberg R, et al. Projecting cancer incidence and deaths
to 2030: The unexpected burden of thyroid, liver, and pancreas cancers in the
United States. Cancer Res. 2014;74:2913-2921.

2. Janssen QP, Buettner S, Suker M, et al. Neoadjuvant FOLFIRINOX in Patients
With Borderline Resectable Pancreatic Cancer: A Systematic Review and Patien-
t-Level Meta-Analysis. ] Natl Cancer Inst. 2019;111:782-794.

~N

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Current Therapeutic Research 93 (2020) 100605

. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic cancer

with nab-paclitaxel plus gemcitabine. N Engl ] Med. 2013;369:1691-1703.

. Conroy T, Desseigne F, Ychou M, et al. FOLFIRINOX versus gemcitabine for

metastatic pancreatic cancer. N Engl ] Med. 2011;364:1817-1825.

. Okada KI, Hirono S, Kawai M, et al. Phase I Study of Nab-Paclitaxel plus Gem-

citabine as Neoadjuvant Therapy for Borderline Resectable Pancreatic Cancer.
Anticancer Res. 2017;37:853-858.

. Muhammad N, Steele R, Isbell TS, et al. Bitter Melon Extract Inhibits Breast Can-

cer Growth in Preclinical Model by Inducing Autophagic Cell Death. Oncotarget.
2017;8:66226-66236.

. Bhattacharya S, Muhammad N, Steele R, et al. Bitter Melon Enhances Natural

Killer-Mediated Toxicity Against Head and Neck Cancer Cells. Cancer Prev Res
(Phila). 2017;10:337-344.

. Bhattacharya S, Muhammad N, Steele R, et al. Inmunomodulatory Role of Bit-

ter Melon Extract in Inhibition of Head and Neck Squamous Cell Carcinoma
Growth. Oncotarget. 2016;7:33202-33209.

. Motoo Y, Mouri H, Ohtsubo K, et al. Herbal medicine Ninjinyoeito ameliorates

ribavirin-induced anemia in chronic hepatitis C: a randomized controlled trial.
World J Gastroenterol. 2005;11:4013-4017.

Kobayashi ], Seiwa C, Sakai T, et al. Effect of a traditional Chinese
herbal medicine, Ren-Shen-Yang-Rong-Tang (Japanese name: Ninjin-Youei-To),
on oligodendrocyte precursor cells from aged-rat brain. Int Immunopharmacol.
2003;3:1027-1039.

TSUMURA Ninjin'yoeito Extract Granules for Ethical Use. Revised: March 2013
(6th version). https://www.tsumura.co.jp/english/products/pi/JPR_T108.pdf.

Ito T, Konishi A, Tsubokura Y, et al. Combined Use of Ninjin'yoeito Improves
Subjective Fatigue Caused by Lenalidomide in Patients With Multiple Myeloma:
A Retrospective Study. Front Nutr. 2018;5:72.

Kim Y], Yoo SR, Chae CK, et al. Omija fruit extract improves endurance and en-
ergy metabolism by upregulating PGC-1a expression in the skeletal muscle of
exercised rats. ] Med Food. 2014;17:28-35.

Chi A, Zhang Y, Kang Y, et al. Metabolic mechanism of a polysaccharide from
Schisandra chinensis to relieve chronic fatigue syndrome. Int J Biol Macromol.
2016;93:322-332.

Kang S, Lee KP, Park SJ, et al. Identification of a novel anti-inflamma-
tory compound, a-cubebenoate from Schisandra chinensis. J Ethnopharmacol.
2014;153:242-249.

Okada KI, Hirono S, Kawai M, et al. Prospective validation of patient fatigue
questionnaire (FACIT-F) for fatigue assessment in nab-paclitaxel plus gemc-
itabine therapy. Mol Clin Oncol. 2018;8:121-126.

Salsman JM, Beaumont JL, Wortman K, et al. Brief versions of the FACIT-fatigue
and FAACT subscales for patients with non-small cell lung cancer cachexia. Sup-
port Care Cancer. 2015;23:1355-1364.

Shimozuma K, Ohashi Y, Takeuchi A, et al. Feasibility and validity of the Pa-
tient Neurotoxicity Questionnaire during taxane chemotherapy in a phase III
randomized trial in patients with breast cancer: N-SAS BC 02. Support Care Can-
cer. 2009;17:1483-1491.

National Comprehensive Cancer Network: NCCN Clinical Practice Guidelines in
Oncology, pancreatic adenocarcinoma-Version 2.2016. Available from: http://
www.nccn.org/professionals/physician_gls/PDF/pancreatic.pdf.

Cruz FM, Munhoz BA, Alves BC, et al. Biomarkers of fatigue related to adjuvant
chemotherapy for breast cancer: evaluation of plasma and lymphocyte expres-
sion. Clin Transl Med. 2015;4:4.


https://doi.org/10.1016/j.curtheres.2020.100605
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0001
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0002
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0003
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0004
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0005
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0006
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0007
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0008
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0009
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0010
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0010
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0010
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0010
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0010
https://www.tsumura.co.jp/english/products/pi/JPR_T108.pdf
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0012
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0013
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0014
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0015
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0016
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0017
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0018
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0018
http://www.nccn.org/professionals/physician_gls/PDF/pancreatic.pdf
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0020
http://refhub.elsevier.com/S0011-393X(20)30031-X/sbref0020

	Impact of Ninjin’Yoeito on Fatigue in Patients Receiving Nab-Paclitaxel Plus Gemcitabine Therapy: A Prospective, Single-Arm, Phase II Open Label, Nonrandomized, Historically-Controlled Study
	Introduction
	Patients and methods
	Protocol digest
	Ethical approval and consent to participate
	Product quality and safety management
	Primary and secondary end points
	Treatment
	Assessments
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Registration

	Treatment method
	Discontinuation of protocol treatment criteria
	Data collection
	Sample size calculation
	Statistical analysis

	Results
	Patient characteristics
	Study outcomes
	End points
	Adverse events


	Discussion
	Conclusions
	Acknowledgments
	Conflicts of Interests
	Supplementary materials
	References


