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Abstract

Background: Cancer patients often experience decreased quality of life during chemotherapy. This study aimed to
determine the preliminary efficacy and safety of Reishi & Privet Formula (RPF) for maintaining quality of life among patients
with non—-small cell lung cancer (NSCLC) undergoing chemotherapy. Methods: We conducted a phase Il randomized,
double-blind, placebo-controlled clinical trial in China. Adults with NSCLC scheduled to receive chemotherapy were
randomly assigned (3:1 ratio) to receive oral RPF (3.36 g/day) or placebo daily for 6 weeks. The main outcome was
the Functional Assessment of Cancer Therapy—Lung (FACT-L). We evaluated RPF’s safety profile using the Common
Terminology Criteria for Adverse Events and assessed changes in outcome measures from baseline to weeks 3 and 6 using
a linear mixed effects model. Results: We enrolled 82 participants across 8 cancer centers in China. The median age was
59 years, 56 (68%) had advanced cancer. Compared with the placebo group, the RPF group had nonstatistically significant
higher quality of life as measured by the FACT-L total score (P = .086) over 2 cycles of chemotherapy. The RPF group
was associated with a nonsignificant better general health (P = .050) and emotional well-being (P = .090) than the placebo
group. Adverse events rates did not differ between groups. Conclusions: This study demonstrated preliminary safety and
suggests a promising trend in RPF’s effect on maintaining quality of life and emotional well-being among NSCLC patients
undergoing chemotherapy. Future adequately powered randomized-controlled trials are needed to verify the efficacy and
safety of RPF in cancer patients undergoing chemotherapy.
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for NSCLC patients.* Chemotherapy remains an essential
component of NSCLC treatment even in the era of preci-
sion medicine.’ Unfortunately, its toxic side-effects have a
detrimental effect on patients’ QoL®® and lead to prema-
ture treatment discontinuation.®'® Furthermore, lower QoL
and depressed mood are associated with shorter survival
among patients.'""'* Therefore, effective interventions to
prevent the decline of QoL in patients undergoing chemo-
therapy are critically needed.

The fruit body of Ganoderma lucidum (Leyss ex Fr)
Karst, also known as Reishi mushroom (Lingzhi,
Ganoderma), is one of the most popular herbal dietary sup-
plements used by cancer patients around the world.'
Preclinical findings reveal that Reishi mushroom (Lingzhi)
has chemopreventive, tumoricidal, and immunostimulat-
ing abilities,'®?* increases the overall survival of tumor
bearing mice,?® alleviates chemotherapy-induced side
effects,?*?% and has a possible synergistic effect with cis-
platin.?! A number of clinical studies have suggested that
G lucidum is well tolerated among cancer patients, has
potential effects on immune modulation, and improves QoL
and survival outcomes.””** However, these trials often
include various cancer types, with heterogencous cancer
treatment, and have small sample sizes. More clinical
research is needed to determine its safety and efficacy in
lung cancer patients undergoing chemotherapy.

The Reishi & Privet Formula (RPF) consists of the dried
sporederm-broken spores of the artificially cultivated G
lucidum Karst and ethanol extracts and water extracts from
the dried mature fruit (glossy Privet fruit, NuZhenzi, Ligustri
Lucidi Fructus) of Ligustrum lucidum Ait. Glossy Privet
fruit (NuZhenzi) is also widely used by cancer patients in
China as an adjuvant because of its immunomodulatory,3*3
antitumor,’*3® anti-inflammatory, and hepatoprotective
properties®>* as demonstrated in in vivo and in vitro studies.
This specific formula aims to achieve better synergetic effi-
cacy and safety than each individual component.

RPF was developed from clinical practice in China based
on traditional Chinese medicine theory, which underlies
Jun-Chen-Zuo-Shi medicinal compatibility strategy. Reishi
mushroom (Lingzhi) spores, the principal component (Jun
herb) of RPF, perform the primary action of treating qi defi-
ciency. Glossy Privet fruit (NuZhenzi), the adjuvant compo-
nent (Chen herb) in treating yin deficiency, synergizes with
Jun to strengthen its therapeutic effects and reduce or elimi-
nate possible adverse effects. NSCLC patients undergoing
chemotherapy usually demonstrate a cluster of symptoms*#?
(eg, fatigue, drowsiness, loss of appetite, shortness of breath,
cough, anxiety, insomnia, and dry mouth), which may be
diagnosed as a qi-yin deficiency symptom pattern.** The
RPF formula is designed to tonify energy, reinforce defi-
ciency, and relieve symptoms in a patient-centered manner
for those with gi-yin deficiency symptom pattern.

Based on previous clinical experience, preclinical and clin-
ical research data, RPF may play a role of improving cancer

patients’ QoL in multiple ways. However, clinical studies of
RPF are lacking. We proposed to investigate the preliminary
efficacy and safety of RPF for NSCLC patients undergoing
chemotherapy to inform the development and design of future
adequately powered randomized controlled trials (RCTs) to
test the specific efficacy and safety of this product.

Patients and Methods
Study Design

This was a phase Il randomized, double-blind, placebo-con-
trolled clinical trial conducted at 8 cancer research centers
in China (Appendix 1; available online). The independent
ethics committees at each center approved the study
(Appendix 1).

Participants

Eligible patients were 18 to 75 years of age with confirmed
NSCLC and greater than 3 months of life expectancy who
were scheduled to receive at least 2 cycles of chemotherapy
with either paclitaxel plus cisplatin (TP, paclitaxel 135 mg/m?
on day 1, cisplatin 75 mg/m? on day 2, every 3 weeks) or
paclitaxel plus carboplatin (TC, paclitaxel 200 mg/m? on
day 1, carboplatin AUC [area under the curve] 6 on day 1,
every 3 weeks).

Exclusion criteria were as follows: (1) Karnofsky perfor-
mance status < 70; (2) laboratory values obtained prior to
randomization: white blood cell <3 X 10%/L, absolute neu-
trophil count <1.5 X 10%/L, platelet <75 X 10'%/L, hemo-
globin <8 g/dL, creatinine >1.5 X upper normal limit
(UNL), bilirubin >2 X UNL, aspartate aminotransferase,
alanine aminotransferase, or alkaline phosphatase >2.5 X
UNL (>5 X UNL in presence of liver metastases); (3)
severe/uncontrolled systemic diseases, including gastroin-
testinal dysfunction, bleeding, cardiac dysfunction, endo-
crine dysfunction, or infection; (4) significant cognitive
impairment or psychiatric disturbance; (5) allergy to RPF or
active ingredients; (6) use of other investigational drug
within 30 days before study entry; and (7) any relevant con-
dition potentially interfering with study evaluation. We
recorded concomitant medications taken during the study.

We recruited subjects via media and print advertise-
ments. Patients provided written informed consent before
participating in the study. A trained study coordinator
made initial contact with the subjects; all study-related
procedures were performed at 8 cancer research centers
in China.

Randomization and Blinding

Randomization was done via a computer-generated list
and stratified by center. An independent biostatistician
with no clinical involvement in the trial prepared the
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randomization sequence and allocation concealment.
Sealed envelopes containing allocation assignment and
packaged medication/placebo were sent to each of the 8
centers. Investigators enrolled patients at each center. The
blinded pharmacist at each center provided the study team
with ready-to-use blinded medication/placebo according
to enrollment order.

All investigators, staff, participants, and sponsor person-
nel or delegate(s) who were involved in the treatment admin-
istration or clinical evaluation of the subjects were blinded
to the group assignments. The chemotherapy agents were
open-label. Researchers were required to document the che-
motherapy regimen patients received prior to randomiza-
tion. Study medications were supplied in a blinded manner
as RPF/placebo capsules and were packaged identically.
Each patient received 2 boxes of RPF or placebo, one for the
first treatment period (day 1 to day 21) and another for the
second treatment period (day 22 to day 42).

Intervention

Patients scheduled to receive either TP or TC were ran-
domly assigned (3:1 ratio) to receive oral RPF (3.36 g/day)
or placebo daily for 6 weeks concurrent with their chemo-
therapy. Patients were instructed to take 4 RPF/placebo
capsules orally 3 times a day (in the morning, at noon, and
in the afternoon) for a total of 3.36 g/day. Each RPF cap-
sule (Nanjing Zhongke Pharmaceutical Co, Ltd, batch
number B20160401) weighed 0.28 g and contained 0.15 g
of sporederm-broken Reishi mushroom (Lingzhi) spore,
0.11 g of glossy Privet fruit (NuZhenzi) extract, 5% crospo-
vidone, and 2% silica. Each capsule was standardized to con-
tain >1% polysaccharide and >2.0 mg of oleanolic acid
(C;,H,50;). It was manufactured in accordance with good
manufacturing practices (Certificate of GMP No.
JS20160640) and tested for batch-to-batch consistency
according to the State Pharmacopoeia of the People’s
Republic of China (2000).** Reishi mushroom (Lingzhi)
spore is the dried spore of G lucidium Karst, which is col-
lected and dried when the artificially cultivated plants
grow mature and release spores. Glossy Privet fruit
(NuZhenzi) is the dried mature fruit of Ligustrum lucidum
Ait, which is harvested in winter when the fruits are
mature. Glossy Privet fruit (NuZhenzi) was extracted
using 70% ethanol and the residual was further extracted
using water. The extracts were then combined and mixed
evenly with the shell-broken Reishi mushroom (Lingzhi)
spore. After drying, an appropriate amount of microcrystal-
line cellulose was added, and the mixture was granulated
and dried. Crospovidone (5%) and silica (2%) were added
to make the capsule. The placebo capsule (Nanjing
Zhongke Pharmaceutical Co, Ltd) was filled with 52.8%
caramel color, 40.7% rice powder, and 6.5% brown iron

oxide pigment. The placebo pill also weighed 0.28 g and
was packed in identical capsules as the RPF. The study
medication and placebo were stored in a locked cabinet at
room temperature at each research center.

The sporederm-broken Ganoderma spore micrographs
produced by electron microscopy are shown in Figure la.
The RPF was subjected to high-performance liquid chroma-
tography (HPLC); a HPLC fingerprint of the extract is
shown in Figure 1b.

Outcomes

The main outcome was the 36-item self-report Functional
Assessment of Cancer Therapy-Lung (FACT-L 4.0,44
Chinese version), a disease-specific questionnaire including
the 27-item FACT-G (core instrument), and the 9-item Lung
Cancer Subscale (LCS). The total FACT-G score is calcu-
lated by summing the subscale scores of physical well-being,
social/family well-being, emotional well-being, and func-
tional well-being. A total FACT-L score is obtained by sum-
ming the FACT-G score with the LCS (2 of the 9 items are
not used in the scoring), thereby augmenting the FACT-G
with lung cancer-specific QoL information. We also calcu-
lated a 21-item Trial Outcome Index (TOI) by summing
physical well-being, functional well-being, and the LCS. All
questions are rated on 5-point Likert-type scales ranging
from 0 (not at all) to 4 (very much). A higher score indicates
better QoL or fewer symptoms. We collected all patient-
reported outcome measures at baseline (before starting treat-
ment), and at 3 and 6 weeks.

Investigators evaluated adverse events each week and
graded them according to the Common Terminology Criteria
for Adverse Events version 4.0.* Symptomatic adverse
events evaluated during the treatment included fatigue,
insomnia, decreased appetite, constipation, diarrhea, bloat-
ing, and nausea. We evaluated white blood cell, neutrophil,
hemoglobin, and platelets in the peripheral blood at baseline
and every week after the start of chemotherapy. We evalu-
ated creatinine, aspartate aminotransferase, alanine amino-
transferase, and alkaline phosphatase in the peripheral blood
at baseline, 3 weeks, and 6 weeks.

Statistical Analysis

This study was designed to estimate the initial effect size
and safety. It is important to note that statistical significance
is not the primary goal in determining the success of a phase
II trial. We estimated that with 84 patients, the study would
have 80% power to detect a significant between-group dif-
ference in the change in total FACT-L score from baseline
to 6 weeks, with a large effect size of 0.7 SD.*® The primary
outcome of the pilot study was change from baseline to 6
weeks in the FACT-L total score.
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Figure 1. (a) Reishi & Privet Formula (RPF) micrographs. (A) Raw Ganoderma spore. (B) Raw Ganoderma spore. (C) Sporederm-
broken Ganoderma spore. (D) Sporederm-broken Ganoderma spore. (b) HPLC fingerprint of the Reishi & Privet formula. HPLC,

high-performance liquid chromatography.

Our analyses were guided by intention-to-treat princi-
ples. We used the y? test to compare baseline variables
between groups. Because our primary and secondary out-
come measures were repeated measures over time, we
assessed differences in changes from baseline to week 3
and week 6 using mixed effect models. We treated time
and treatment as categorical variables and included a ran-
dom intercept term in the mixed effect model. Tests of

intention-to-treat differences between intervention arms
with regard to the change were based on time-intervention
interactions in the mixed effect models. We have presented
results as between-group differences with 95% confidence
intervals (ClIs). All statistical tests were 2-sided.

Statistical significance was set at the <<.05 level. All sta-
tistical analysis was conducted using STATA (version 15.0;
STATA Corporation) and SAS (version 9.4; SAS Institute).
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Figure 2. CONSORT diagram.

Results

Baseline Characteristics of the Participants

Between February 2017 and January 2018, we enrolled 82
participants across 8 cancer centers in China. In the RFT
group, 80% (N = 49) completed all study-related activi-
ties; 76% (N = 16) in the placebo group completed all
study-related activities (Figure 2). In the RFT group, 2 out
of 61 (3.3%) discontinued therapy due to adverse events
compared with 1 out of 21 (4.8%) in the placebo group. In
addition, 4 (6.6%) patients in the RPF group and 2 (9.5%)
patients in the placebo group withdrew consent; 4 (6.6%)
patients in RPF and 2 (9.5%) in placebo were lost to fol-
low-up; and the study PI withdrew 2 (3.3%) patients from
the RPF group due to protocol violation (Figure 2).
Patient demographic and clinical characteristics were
well balanced between the 2 treatment groups and are sum-
marized in Table 1. Of the 82 randomized patients, the
median age was 59 years (range = 29-75 years), 58 (71%)

were males, and the median Karnofsky performance score
was 90 (range = 70-100). Among the participants, 49 (60%)
had a diagnosis of non-squamous cell lung cancer. The
majority (n = 56, 68%) had advanced (stages I1IB and 1V)
lung cancer, 48 (59%) had no prior history of chemotherapy
before enrollment into the study, 48 (59%) received TP, and
34 (41%) received TC as a chemotherapy regimen. The
mean FACT-L total score was 89.1 and the mean FACT-G
score was 70.5.

Quality of Life

We have presented our results in Table 2. Overall, the RPF
group showed a better QoL measured by FACT-L total score
(higher score indicates better QoL) compared with the pla-
cebo group from baseline to 6 weeks of treatment, although
not statistically significant (P = .086 for treatment and time
interaction term). At week 3 after the first cycle of chemo-
therapy, the RPF group reported a 7.99 (95% CI = 0.9 to
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Table I. Baseline Patient Characteristics.

Total (N = 82) RPF (N = 61) Placebo (N = 21)
Age in years, median (range) 59 (29-75) 59 (29-75) 55 (39-70)
<65, n (%) 66 (80) 48 (79) 18 (86)
=65, n (%) 16 (20) 13 (21) 3(14)
Gender, n (%)
Male 58 (71) 45 (74) 13 (62)
Female 24 (29) 16 (26) 8 (38)
Cancer stage, n (%)
Stage | 5(6) 4(7) I (5)
Stage Il 15 (18) 11 (18) 4 (19)
Stage IlIA 6 (7) 4(7) 29
Stage I1IB 14 (17) 9 (14) 5(24)
Stage IV 42 (51) 33 (54) 9 (43)
Histology, n (%)
Squamous 32 (40) 24 (40) 8 (38)
Non-squamous 49 (60) 36 (60) 13 (62)
Chemotherapy scheme, n (%)
Paclitaxel plus cisplatin (TP) 48 (59) 35 (57) 13 (62)
Paclitaxel plus carboplatin (TC) 34 (41) 26 (43) 8 (38)
Past chemotherapy?, n (%)
Yes 34 (41) 25 (41) 9 (43)
No 48 (59) 36 (59) 12 (57)
KPS score, median (range) 90 (70-100) 90 (70-90) 90 (70-100)
FACT-L, mean (SD)
FACT-L total 89.1 (17.1) 88.1 (16.8) 91.9 (18.2)
FACT-G total 70.5 (14.4) 69.7 (14.4) 72.7 (14.3)
Trial Outcome index® 53.6 (11.3) 52.8 (10.5) 56.1 (13.3)
Lung cancer subscale 18.6 (4.2) 18.3 (4.0) 19.2 (4.8)
Physical well-being 20.8 (4.7) 20.6 (4.7) 21.6 (4.7)
Social/family well-being 20.0 (4.9) 19.9 (4.5) 20.0 (5.9)
Emotional well-being 15.5 (4.9) 15.4 (4.9) 15.8 (4.9)
Functional well-being 14.3 (2.5) 13.9 (4.9) 15.2 (6.0)

Abbreviations: RPF, Reishi & Privet formula; KPS, Karnofsky performance score; FACT-L, Functional Assessment of Cancer Therapy—Lung;

FACT-G, FACT-General.

?Past chemotherapy means whether patients had received any chemotherapy before this study.
®Trial Outcome Index = physical well-being + functional well-being + lung cancer subscale.

15.0) point higher in the FACT-L total score than the pla-
cebo group. At week 6 after 2 cycles of chemotherapy, the
between group difference in the FACT-L total change score
was 4.63 (95% CI = —2.5 to 11.7), favoring the RPF group
(see Figure 3). We observed a similar trend in the FACT-G
score and the emotional well-being domain score change.
The RPF group showed a greater increase in the FACT-G
score from baseline than the placebo group after 6 weeks
with a P value of .05 approaching statistical significance. At
week 3, the between group difference in the FACT-G score
was 7.46 (95% CI = 1.5 to 13.4) favoring the RPF group.
At week 6, the RPF group’s change from baseline in
FACT-G score was still greater than the placebo group with
a between group difference of 3.88 (95% CI = —2.0 to 9.8).
In the emotional well-being domain, at week 3, the RPF
group showed a 1.97 (95% CI = 0.2 to 3.7) point greater

increase than the placebo group. At week 6, this trend was
maintained with a between group difference of 0.8 (95%
CI = —1.0 to 2.6) favoring the RPF group with an overall P
value of .090 for the treatment and time interaction term.

Safety

Adverse events were generally mild and moderate in sever-
ity and were similar between treatment groups. The most
frequently reported chemotherapy-related adverse events
were gastrointestinal, neutropenia, anemia, fatigue, and
decreased appetite. Two adverse events (abdominal bloat-
ing and insomnia) were classified as possibly related to the
RPF study drug. Among patients who reported fatigue after
the start of chemotherapy in the RPF group, fatigue either
improved or remained unchanged in 13 out of 15 (87%)
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Table 2. Mean Change in FACT-L Scores From Baseline to 6 Weeks.
Change from baseline, Between group differences,
mean (95% Cl) mean (95% ClI)
Outcomes Visit RPF (N = 52) Placebo (N = 17) RPF versus placebo P
FACT-L® .086
Week 3 2.39 (-1.10 to 5.88) -5.60 (-11.7 to 0.5) 7.99 (0.9 to 15.0)
Week 6 -0.05 (-3.62 to 3.52) -4.68 (-10.8 to 1.5) 4.63 (25t0 11.7)
Physical 32
well-being Week 3 0.23 (-0.75 to 1.21) -0.84 (-2.6 t0 0.9) 1.08 (0.9 to 3.1)
Week 6 -0.83 (-1.83t0 0.17) 0.38 (2.1 to 1.4) —-0.45 (-2.5to 1.6)
Social/family 41
well-being Week 3 0.16 (-1.25 to 1.57) -1.5 (-4.0 to 1.0) 1.66 (—1.2 to 4.5)
Week 6 0.29 (-1.16 to 1.74) -14(-39to L.I) 1.69 (-1.2 to 4.6)
Emotional .090
well-being Week 3 1.02 (0.14 to 1.90) -0.95 (-2.5 t0 0.6) 1.97 (0.2 to 3.7)
Week 6 0.68 (-0.22 to 1.58) -0.13 (-1.7 to 1.4) 0.8 (—1.0 to 2.6)
Functional .10
well-being Week 3 0.52 (—-0.79 to 1.83) -2.38 (-4.7 to —0.1) 2.90 (0.2 to 5.6)
Week 6 -0.64 (-1.99t0 0.71) —-2.43 (-4.7 to —0.1) 1.79 (0.9 to 4.5)
Lung cancer .80
subscale Week 3 0.52 (—0.58 to 1.62) -0.03 (-2.0to 1.9) 0.55 (-1.7t0 2.8)
Week 6 0.44 (—0.68 to 1.56) -0.28 (2.2 to 1.6) 0.73 (-1.5t0 2.9)
Trial outcome .18
index* Week 3 1.21 (-1.10 to 3.52) -3.21 (-7.3t0 0.8) 442 (-0.2 to 9.1)
Week 6 -1.09 (-3.46 to 1.28) -3.17 (-7.2t0 0.9) 2.08 (2.6 to 6.8)
FACT-G¢ .050
Week 3 1.90 (—1.02 to 4.82) —-5.56 (—10.7 to -0.4) 746 (1.5t0 13.4)
Week 6 -0.48 (-3.46 to 2.50) -4.36 (9.5 to0 0.8) 3.88 (-2.0t0 9.8)

Abbreviations: FACT-L, Functional Assessment of Cancer Therapy—Lung, Cl, confidence interval; RPF, Reishi & Privet formula; FACT-G, FACT-

General.
2Mixed effect P-value from interaction term between visit and treatment.
®FACT-L = FACT-G + LCS.

“Trial Outcome Index = physical well-being + functional well-being + lung cancer subscale.
9FACT-G = physical well-being + social/family well-being + emotional well-being + functional well-being.

P=0.086

~RPF
-=-Placebo

Mean Change
)

Figure 3. Mean change in FACT-L (Functional Assessment of

Cancer Therapy-Lung) total scores from baseline to 6 weeks.
RPF, Reishi & Privet formula.

patients. However, in the placebo group only 1 in 3 (33%)
patients who experienced fatigue at the start of the chemo-
therapy reported improved or unchanged fatigue. No group
differences were observed in the frequency and severity of

other adverse events such as neutropenia, anemia, thrombo-
cytopenia, and hepatobiliary and renal disorders.

Discussion

In this phase II, randomized, double-blind, placebo-con-
trolled clinical trial, we evaluated the preliminary efficacy
and safety of RPF for maintaining QoL among patients with
NSCLC undergoing chemotherapy. Participants who
received RPF had nonsignificant higher QoL scores than
those who were randomized to the placebo group. We
observed a greater increase in the RPF group’s week 3 and
week 6 FACT-L, FACT-G, and emotional well-being scores
compared with the placebo group. More patients in the RPF
group who experienced fatigue at the beginning of chemo-
therapy were able to either maintain or reduce their fatigue
during chemotherapy than those in the placebo group. The
herbal formula was also well tolerated with few related
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adverse events. To our knowledge, this is the first clinical
study of this Reishi mushroom-based herbal formula target-
ing QoL during chemotherapy in people with NSCLC and
assessed by a well-established patient-reported outcome
(FACT-L 4.0).

It is important to place our findings in the context of
prior research involving Reishi mushroom products. Gao
et al** found the polysaccharide fractions extracted from
G lucidum enhanced immune responses (cytokines, T-cell
subsets, mitotic response to phytohemagglutinin, and natu-
ral killer activity) in advanced cancer patients. A pilot study
suggested that spore powder of G lucidum may have benefi-
cial effects on cancer-related fatigue and QoL, but the study
population was breast cancer patients undergoing endocrine
therapy.’! Two systematic reviews indicated G [ucidum
might have potential benefits on overall survival, tumor
response, immunity stimulation, and Karnofsky perfor-
mance status.”3* We contributed to the literature by sug-
gesting the potential effect of this Reishi mushroom-based
formula in maintaining QoL and emotional wellbeing for
NSCLC patients undergoing chemotherapy.

Considering that the majority of the study population
was advanced NSCLC patients undergoing chemotherapy,
deterioration in QoL was expected. The results of the
Eastern Cooperative Oncology Group trial showed that che-
motherapy regimens such as TP demonstrated significant
decreases in QoL scores over 6 months. Their study® used
the TOI to measure the change in QoL (TOI is a subscale of
the FACT-L and an indicator of the physical component of
QoL). Of patients treated with TP, 36% reported worsened
TOI of =5 units at week 6. TOI and FACT-L total scores
decreased 8.3 and —9.9 points, respectively, at 6 months
after receiving the first course of chemotherapy.

Although our study did not reach statistical significance,
the magnitude of difference in QoL has potential clinical
implications. The patients in the RPF group maintained
FACT-L scores from baseline to 6 weeks (mean change =
—0.05, 95% CI = —3.62 to 3.52), while patients in the pla-
cebo group had decreased QoL (mean change = —4.68,
95% CI = —10.8 to 1.5). In the RPF group, 38 (62%)
patients showed improvement in the FACT-L at week 6,
while only 9 (43%) patients in the placebo group showed
improvement in FACT-L score. Meanwhile, the potential
benefit over the placebo group in the FACT-G total score
(P = .050) and emotional well-being (P = .090) was also
consistent as seen in the FACT-L total scores. Compared
with the results of the Eastern Cooperative Oncology Group
trial,%* our study demonstrated that with RPF treatment,
the FACT-L and FACT-G total scores did not decrease, and
in fact showed some increase over time. This suggests that
RPF might have the potential to improve QoL of lung can-
cer patients going through active treatments, a promising
clinical benefit that requires further investigation.

Our study provided preliminary safety and tolerability
data for the concurrent use of RPF with chemotherapy.
RPF-related adverse events were rare and mild. A meta-
analysis of clinical results showed similar evidence that
Reishi mushroom (Lingzhi) was generally well tolerated
with minimal side effects including nausea and insomnia,
and no reports of significant hematological or hepatologi-
cal toxicity.?® Although we did not observe any sign of RPF
preventing objective adverse events such as neutropenia,
anemia, or thrombocytopenia, we did observe that a greater
proportion of patients in the RPF group who experienced
fatigue at the start of chemotherapy were able to either
maintain or reduce their fatigue during the rest of treat-
ment. This might indicate that RPF has the potential to
reduce chemotherapy-induced fatigue. One pilot RCT of
48 breast cancer patients undergoing endocrine therapy in
a short-term (4 week) intervention study?! also suggests
that the spore powder of G lucidum may have beneficial
effects on the physical well-being domain and fatigue sub-
scale as assessed by FACT-F and the European Organization
for Research and Treatment of Cancer Quality of Life
Questionnaire Version 3.0 questionnaires. Future larger
trials are needed to provide more definitive data of the
safety of RPF and its impact on chemotherapy-related QoL
measures.

Limitations

Our study has several limitations. This trial was designed as
an unregistered phase II trial with a small sample size,
which prevented us from providing definitive evidence on
the safety and efficacy of RPF for QoL. Based on the
knowledge gained from this trial, future prospectively reg-
istered and adequately powered trials are needed to verify
the preliminary effects identified in this study. QoL and
symptom burden typically gets worse within 1 week of che-
motherapy infusion and gradually improve over the next
few weeks; therefore, our infrequent patient-reported out-
comes assessment may not have fully captured the impact
of RPF on QoL. Finally, our study was conducted among a
Chinese population; studies in other populations are needed
to increase its generalizability.

Conclusions

Rigorous clinical research is essential in building the evi-
dence base for the safe and effective use of herbal medicine
for cancer patients.® Our double-blinded RCT found pre-
liminary efficacy and safety of RPF, a Reishi mushroom
herbal product, in improving QoL for patients with NSCLC
undergoing chemotherapy. These preliminary findings need
to be verified in adequately powered, well-designed clinical
trials to establish RPF’s definitive safety and efficacy.
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