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Abstract. Molecular targeted therapies are commonly used in
patients with metastatic renal cell carcinoma (RCC). However,
the efficacy and safety of these therapeutic interventions
require enhancement to improve prognosis in these patients.
Royal jelly (RJ) has anti-cancer effects and adverse events
across a variety of types of malignancy. The present study
investigated the detailed mechanism underlying the effects of
oral administration of RJ in patients with advanced RCC that
were treated with molecular targeted agents in a randomized
clinical trial. The study cohort comprised 16 patients treated
with RJ and 17 patients treated with a placebo. Serum levels of
tumor necrosis factor (TNF)-a and transforming growth factor
(TGF)-p were measured using enzyme-linked immunosorbent
assays. The results of the present study demonstrated a larger
decrease in tumor size upon supplementing patients with RJ
following molecular targeted therapy compared with that in
patients administered with the placebo. Patients exhibited
reduced anorexia and fatigue in the RJ group compared with
the placebo group. The relative dose intensity for patients in
the RJ group was higher than that in patients in the placebo
group. Post- and pre-treatment ratios of the serum levels of
TNF-a and TGF-f in patients in the RJ group were lower
than those in patients in the placebo group, and these ratios
correlated with decreasing tumor size and frequency of
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anorexia or fatigue in patients. In conclusion, the results of the
present study indicated that oral intake of RJ improved the
efficacy and safety of molecular targeted therapy in patients
with RCC and changed the levels of TNF-a and TGF-f in the
serum of patients, which is speculated to serve an important
role in RJ-induced biological activities.

Introduction

Renal cell carcinoma (RCC) is acommonly occurring urological
cancer that is characterized by a high metastatic potential
at diagnosis and after radical surgery. Although various
immunotherapies, including immune-checkpoint inhibitors,
are used as standard therapy for patients with metastatic RCC,
molecular targeted therapies, such as tyrosine kinase inhibitors
(TKIs), are efficacious therapeutic interventions (1). However,
the increase in overall survival of patients associated with these
therapies are far from satisfactory. Therefore, understanding
the functioning of new therapeutic agents is important and is a
feat addressed by clinical trials (2,3).

Royal jelly (RJ) is a milky secretion from the hypo-
pharyngeal and mandibular glands of worker bees and
possesses antimicrobial, anti-inflammatory, and antioxidant
properties (4,5). RJ is important in maintaining the quality
of life and suppresses adverse events in patients undergoing
anti-cancer therapies. RJ protects against organ dysfunctions
and discomfort caused by various cancer therapies (6,7).
We have previously reported that RJ suppresses the adverse
events caused by TKIs in patients with RCC (8). Several
in vivo and in vitro studies have shown that RJ directly and
indirectly exhibits anti-cancer effects in various malignan-
cies (9-12). However, the detailed mechanisms employed by
RJ in protecting against cancer and adverse events caused by
anti-cancer therapy remains to be understand.

An important biological function of RJ is the regulation of
inflammation and immunity (4,5). Interestingly, inflammation
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and immunity are important for carcinogenesis and malignant
invasiveness in multiple cancers (13,14). Moreover, various
pro-inflammatory cytokines, including tumor necrosis factor
(TNF)-a, tumor necrosis factor (TGF)-f, and interleukin
(IL)-6 correlate with malignant transformation and occurrence
of adverse events caused by anti-cancer therapies in various
types of malignancies (15-22). Previous reports have shown
that RJ regulates the synthesis of these pro-inflammatory
cytokines (23-25). However, the correlation and mechanism
employed by RJ in stimulating anti-cancer effects and
suppressing adverse events by molecular targeted therapy in
patients with RCC are yet to be elucidated.

‘We have previously shown that oral intake of RJ suppresses
TKI-induced toxicity in patients with RCC in a randomized,
double-blinded, placebo-controlled study (8). In this study, we
investigated how orally administered RJ affects the anti-cancer
effects induced by TKIs in the same patient cohort. Moreover,
we analyzed the correlation between RJ-induced effects and
changes in the serum levels of TNF-a, TGF-f, and IL-6.
Finally, we have demonstrated the benefits of administering
RJ to advanced RCC patients awaiting TKI treatment in a
preliminary clinical trial.

Materials and methods

Patients. Our study cohort consisted of 33 patients (23 males and
10 females) with RCC awaiting TKI treatment at the Nagasaki
University Hospital (Nagasaki, China). The median (range) age
at the time of treatment was 68 (54-79) years. There were 16 and
17 patients with a performance status of 0 and 1, respectively.
In our study population, 27 and 24 patients were diagnosed
with high grade (Fuhrman grade 3 and 4) and high pT stage
(pT3 and 4) cancer, respectively. All the patients had lymph
node and/or distant metastasis. We used the clinicopathological
features and eligibility criteria as per our previous report (8).

Study design. In this study, we performed a randomized,
double-blind, placebo-controlled trial; patients were divided
into two groups using computer-generated random numbers
(17 in the placebo and 16 in the RJ group). Tumors were
measured by computed tomography within the 3 months of the
beginning and end of administering RJ or placebo. A group of
patients was examined twice during the course of the study
to check for adverse events. Tumor response was categorized
based on the Response Evaluation Criteria in Solid Tumor
version 1.1 as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD) (26).
Toxicity was evaluated using the Common Terminology
Criteria for Adverse Events version 5.0 by the National Cancer
Institute. In this study, adverse events were divided into two
groups (absence or presence of and Grade 1-4) regardless of
severity owing to the relatively small cohort. Serum levels of
TNF-a, TGF-p, and IL-6 were quantified by enzyme-linked
immunosorbent assay (R&D systems, Inc.; MN) before and
after 3 months of treatment.

Protocol. As shown in our previous report (8), the starting dose
of sunitinib, pazopanib, axitinib, and sunitinib was 50, 800,
10, and 800 mg/day, respectively. Upon observing intolerable
adverse events, the doses were decreased to 25.0-37.5,

400-600, 5, and 400 mg/day, respectively. TKI administration
was stopped once continuous intolerable adverse events were
observed. Other molecular targeted therapies, including
TKIs and/or m-TOR inhibitors, were administered as soon
as possible in all the patients. Patients with a rest period of
over 30 days were excluded from this study. We did not use
immune check-point inhibitors owing to the lack of approval
for treatment of RCC at the time. Relative dose intensity
(RDI) was calculated as the ratio of ‘delivered’ to ‘planned’
dose intensity. In short, 100% RDI means that the TKI was
administered at the dose mentioned in the original protocol.

RJ was procured from Yamada Agriculture Center Inc
(Okayama, Japan). RJ and placebo were prepared as capsules
containing 900 mg RJ and starch, respectively. They were
similar in taste, smell, size, shape, and color. Capsules were
administered orally four times per day (after breakfast, lunch,
and dinner and before bedtime) for three months.

The study protocol was approved by the Human Ethics
Review Committee of Nagasaki University Hospital
(Nagasaki, Japan; No. 15102604-2 and it was registered
as UMINO000020152). All experiments complied with the
principles embodied in the Declaration of Helsinki. All the
patients provided written informed consent to participate in all
aspects of the study. This was a double-blind study.

Statistical analysis. Results have been expressed as the mean
and standard deviation for data with normal distribution
or median and interquartile range for data with non-normal
distribution. Student's t-test and Mann-Whitney U test was
used to compare the continuous variables in data with normal
and non-normal distribution, respectively. Multiple compari-
sons of the data were analyzed by Scheffé's method. ANOVA
was performed prior to Scheffe's method. Chi-square test was
used for categorical comparison of the data. All the statistical
analyses were two-sided, significance was set at P<0.05, and
were performed on a personal computer using the statistical
package StatView for Windows (version 5.0, Abacus Concept,
Inc., Berkeley, CA).

Results

Patient background. As shown in our previous report (8),
21,7, 4, and 1 patient(s) were treated with sunitinib, pazo-
panib, axitinib, and sorafenib, respectively: There was no
significant difference between the patients in the placebo and
RJ-administered groups (P=0.539). Moreover, the patients
showed similar clinicopathological features including age
(P=0.101), sex (P=0.909), performance status (P=0.598), grade
of cancer (P=0.425), pT stage (P=0.201), and metastasis to the
lymph node (P=0.881) and distant organs (P=0.325).

Tumor response and adverse events. No patient exhibited
CR within 2-3 months of administering the TKI or placebo.
One patient exhibited CR after intake of RJ. The frequency
of patients with PR in the RJ group (50.0%) was twice as
much as that in the placebo group (17.6%). Compared to
placebo-administered patients, no patient exhibited PD in the
RJ group. Finally, our data demonstrated that oral intake of RJ
improved the anti-cancer effects 3 months after TKI treatment
(P=0.037; Table I).



Table I. Three month response.
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Response Total Placebo Royal jelly P-value
0.037
Complete response; N (%) 13.0) 0(0.0 1(6.3)
Partial response 11 (33.3) 3(17.6) 8 (50.0)
Stable disease 16 (48.5) 9(52.9) 7 (43.8)
Progressive disease 5(15.2) 5(294) 0(0.0)
Table II. Frequency of anorexia and fatigue. P=0.007 P=0.031 P=0.084
?
Factor Placebo Royal jelly P-value <
2 100+
7]
Anorexia 0.009 S 80 {
Absence 4(23.5) 11 (68.8) IS
Presence 13 (76.5) 5(312) o 601
Fatigue <0.001 S 40 -
Absence 2(11.8) 11 (68.8) 2
Presence 15 (88.2) 5(31.2) ' 207
€ 0
o = o = o] =
§ s £ 3 3§ ¢
Hypertension was among the most common adverse events }_‘3 = ;_‘é o E o
(n=23; 67.9%); fatigue (n=20; 60.6%), anorexia (n=18; 60.0%), o 3 o ;_5? a E
and hand-foot syndrome (n=18; 60.0%) were the other common @
adverse events. Blood tests revealed leukopenia, anemia, renal 1month  2months 3 months

dysfunction, liver dysfunction, and thyroid abnormality in
11 (36.7%), 9 (27.3%), 15 (45.5%), 7 (21.2%), and 14 patients
(42.4%), respectively. Among these adverse events, anorexia
and fatigue in patients in the RJ group was significantly
lower compared to that in the placebo group (P=0.009 and
P<0.001, respectively; Table II). Detailed information on the
adverse events caused by TKI treatment have been described
previously (8).

Relative dose density. As shown in Fig. 1, 1-month RDI
(mean/standard deviation; 88.6/21.2%) in the patients in the
RJ group was significantly higher (P=0.007) than that in
patients administered placebo (68.6/28.7%). After 2 months
of treatment, TKI treatment was discontinued and decreased
in 15 (88.2%) and 8 patients (50.0%) in the RJ and placebo
groups, respectively; 2-month RDIs for the patients in the RJ
and placebo groups showed similar differences (71.9/43.2 and
40.4/40.1%, respectively; P=0.031; Fig. 1). At the end of the
study period (3 months), the initial dose administered was
maintained in 7 (43.8%) and 2 patients (11.8%) in the RJ and
placebo groups, respectively. The 3-month RDI in patients
in the RJ group was slightly higher than that in the placebo
group; however, this difference was not significant (P=0.114
and 0.084, respectively; Fig. 1).

Correlation between serum levels of TNF-a, TGF-§3, and IL-6
and tumor response. Prior to treatment with TKI, serum levels
of TNF-a in patients in the RJ group [mean/standard deviation
and median (interquartile range) were 5.90/5.46 and 5.02
(0.00-11.60)] was higher than that in placebo-administered
patients [2.37/3.49 and 2.37 (1.17-5.83)]. However, this

Figure 1. Relative dosage of the tyrosine kinase inhibitors after 1, 2, and
3 months of starting the treatment.

difference was not significant (P=0.378). Similarly, patients in
the RJ and placebo groups showed no significant difference
in the serum levels of IL-6 [10.69/13.21 and 4.52 (1.62-18.20)
versus 9.57/13.28 and 2.13 (1.55-11.97), P=0.564] and TGF-f
[537.14/226.18 and 532.00 (324.41-707.83) versus 600.77/309.34
and 543.78 (360.38-786.93), P=0.719].

Post- and pre-treatment ratios of these variables in patients
in the RJ and placebo groups are shown in Fig. 2. The ratio of
the levels of TNF-a in patients of the RJ group was significantly
lower than that in patients in the placebo group (P=0.007;
Fig. 2A). The serum levels of TGF-f showed a similar trend
(P=0.006; Fig. 2B). However, there was no significant differ-
ence between the decreased serum levels of IL-6 in the RJ and
placebo groups (P=0.221; Fig. 2C). Next, we determined the
correlation between the decreased variables and tumor response
upon TKI treatment by Scheffé's method (Fig. 2D-2F). Post- and
pre-treatment ratios of the levels of TNF-a in patients exhib-
iting PR was significantly lower than that in patients exhibiting
SD and PD (P=0.018 and 0.002, respectively; Fig. 2D). Similar
trends, albeit non-significant, were observed for the levels of
TGF-p between patients exhibiting PR and SD or PD (P=0.333
and 0.219, respectively; Fig. 2E). The decrease in serum IL-6
did not correlate with tumor response (Fig. 2F).

Correlation between serum levels of TNF-a, TGF-f3, and IL-6
and adverse events. Post- and pre-treatment ratios of the serum
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Figure 2. Post/pre-treatment ratio of the levels of (A) TNF-a, (B) TGF-f and (C) IL-6 in the serum of patients in the placebo and royal jelly groups. Correlation
between the ratios and tumor response after molecular targeted therapy and the ratios of (D) TNF-a, (E) TGF-f and (F) IL-6. Lower and upper whiskers
indicate the minimum and maximum, respectively, of the data set. The box is drawn from the lower quartile to the upper quartile with a horizontal line drawn
in the middle to denote the median. TNF, tumor necrosis factor; TGF, transforming growth factor; IL, interleukin.

levels of TNF-a did not correlate with anorexia (Fig. 3A).
The serum levels of TGF-f in patients with anorexia was
significantly higher (P=0.030) as compared to those without
anorexia (Fig. 3B). Similar to TNF-a, there was no significant
correlation between the post- and pre-treatment ratios of the
serum levels of IL-6 and anorexia (Fig. 3C). Similar results
were observed for patients with fatigue (Fig. 3D-F): The
post- and pre-treatment ratio of the serum levels of TGF-3
correlated with fatigue (P=0.030) whereas that of TNF-a and
IL-6 did not.

There was no significant difference between the post- and
pre-treatment ratios of the serum levels of TGF-f, TNF-a,

and IL-6 and other adverse events like digestive symptoms
(P=0.719, 0.743, and 0.439, respectively), hypertension
(P=0.389, 0.089, and 0.938, respectively), and oral mucositis
(P=0.338,0.346, and 0.985, respectively). Finally, based on our
results, a schematic summarizing the main results is shown
in Fig. 4.

Discussion
This study demonstrated that oral administration of RJ

improves tumor response in patients with advanced RCC
undergoing TKI treatment till 3 months of beginning the
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Figure 3. Correlation between the post- and pre-treatment ratios of the serum levels of (A) TNF-a, (B) TGF-f, and (C) IL-6 with anorexia. The correlations
of the serum levels of (D) TNF-a, (E) TGF-f, and (F) IL-6 with fatigue. Lower and upper whiskers indicate the minimum and maximum, respectively, of the
data set. The box is drawn from the lower quartile to the upper quartile with a horizontal line drawn in the middle to denote the median. TNF, tumor necrosis

factor; TGF, transforming growth factor; IL, interleukin.

molecular targeted therapy. To the best of our knowledge,
this is the first study on the anti-cancer effects of RJ in
patients with RCC. Several in vivo and in vitro studies have
reported the anti-cancer effects of RJ in malignancies (9,11).
RJ reduces proliferation of the MCF-7 breast cancer cells,
especially in estrogen-induced proliferating MCF-7 cells (9).
The major fatty acid 10-hydroxy-2-decenoic acid (10-HAD)
inhibits the WiDr colon cancer cells upon treatment with RJ
in a dose-dependent manner (12); the lipophilic fraction of
RJ possesses anti-proliferative activity against the SH-SY5Y
human neuroblastoma cells (10). Oral administration of RJ
inhibits the growth of the 4T1 mouse mammary tumor cells in

a mouse model of breast cancer (11). Thus, we speculated that
RJ directly affects proliferation of RCC cells.

Several reports have shown the indirect mechanisms
involved in the anti-cancer effects of RJ, such as changes in
tumor microenvironments and immune response in various
cancers (11,12,27). Our results showed that oral intake of RJ
decreased the serum levels of TNF-a; their levels in the serum
in patients exhibiting CR and PR was remarkably lower than
those in patients exhibiting SD or PD. In vitro studies have
shown that RJ reduces TNF-a synthesis from macrophage
cells (24,28). RJ inhibits TNF-a production in mouse peri-
toneal macrophages stimulated by lipopolysaccharide and
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Tyrosine kinase inhibitor treatment in patients with renal cell carcinoma
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Tumor necrosis factor
(TNF-a) |

Anti-cancer effect T i
(Decrease in 4—i
tumor size 1) v

Transforming growth factor
(TGF-B) |

i Adverse events |
id— (Anorexia and
! fatigue |)

Figure 4. Scheme of the increase in anti-cancer effects and suppression of adverse events after royal jelly intake via regulation of TNF-a and TGF-f in tyrosine
kinase inhibitor treatment in renal cell carcinoma. TNF, tumor necrosis factor; TGF, transforming growth factor.

interferon-y (23). Combining 10-HAD with RJ suppresses the
production of TNF-a in colon cancer cells (12). Serum levels
of TNF-a in rats treated with cyclophosphamide and RJ was
significantly lower than those with only cyclophosphamide
treatment (29). Thus, our results of the decreased serum levels
of TNF-a upon RJ treatment was in accordance with that of
previous studies.

TNF-a is a major mediator of cancer-induced inflammation
in the tumor microenvironment and malignant transformation
by regulating various types of biomolecules and chemo-
kines (15). Several in vivo and in vitro studies have demonstrated
that TNF-a levels correlate with risk of cancer, tumor growth,
invasion, and metastasis of RCC (18,21,30). Furthermore,
various anti-cancer agents suppress the malignant transforma-
tion and tumor progression by interfering with TNF-a-related
functions in malignancies including RCC (22,31,32). A
clinical trial demonstrated that intravenously injecting inflix-
imab, an anti-TNF-a monoclonal antibody, decreases tumor
size and prognosis in RCC patients, suggesting that TNF-a
is a putative therapeutic target in such patients (33). Thus,
decreasing TNF-a levels suppresses malignant invasiveness
and enhances anti-cancer effects in RCC among other cancers.
TNF-a is pivotal in the resistance against sunitinib treatment
in RCC (18). A high expression of CD44 correlated with worse
outcomes of sunitinib treatment in 25 patients with metastatic
RCC with TNF-a as one of the key modulators; CD44 expres-
sion induced by TNF-a contributes to acquiring resistance
to sunitinib treatment (18). Although our study population
was treated with various TKIs, we speculate that decreasing
TNF-o may be important in eliciting anti-cancer effects
in RCC patients. Also, TNF-a-related anti-cancer effects
could have been induced by oral intake of RJ in our cohort.
Unfortunately, there is no scope to discuss and conclude this
hypothesis since there is no known correlation between RJ,
TNF-a, and anti-cancer effects in patients with RCC. A study
recently showed that the synthesis of TNF-a is inhibited by
10-HAD in human colon cancer cells (12). More recently, it
has been shown that purified proteins from RJ improved the
damage caused to necrotic hepatocytes by reducing the levels
of TNF-q; this phenomenon correlated with anti-cancer effects
in the HepG2 hepatocellular cancer cells (29).

RDI may have regulated the anti-cancer effects in our
study population. We observed that a percentage of patients

treated with the initial dose versus patients treated with RJ
was significantly higher as compared to those administered
placebo. The 1-month and 2-month RDIs for patients in the
RJ group were significantly higher than those in the placebo
groups. The dose intensity correlated with anti-cancer effects
induced by multiple types of anti-cancer agents used for
malignancies. Continuing sunitinib therapy for more than
one course and maintaining more than 60% of 1-month RDI
correlated with better outcome for progression-free survival in
patients with metastatic RCC (34). Similarly, more than 65% of
two course-RDI should be maintained for optimal therapeutic
efficacy of sunitinib treatment (35). Taken together, higher
intensities of TKIs upon oral administration of RJ dictates
better anti-cancer effects in patients with RCC. We also
speculated that suppression of TKIs induced toxicities by RJ is
important in maintaining the RDI and stimulated anti-cancer
effects in our study cohort. Several reports have shown that
successfully managing drug-induced toxicities leads to the
long-term continuation of sunitinib and positively correlates
with anti-cancer effects in various types of cancers including
RCC (36,37). We have previously demonstrated that oral
intake of RJ suppresses the frequency and severity of several
adverse events, such as anorexia and fatigue, in RCC patients
treated with TKIs (8); and this study confirmed in this study
used by different criterion. However, the detailed mechanism
employed by mediating these protective effects remains to be
studied.

To understand the protective effects mediated by RJ
against adverse events in TKI-treated patients, we focused
on the levels of TNF-a, TGF-f, and IL-6 in patients with
advanced RCC. We found that significant decrease in the
serum levels of TGF-f level upon oral intake of RJ signifi-
cantly correlated with the suppression of adverse events,
such as fatigue and anorexia. TGF-p promotes chronic
fatigue syndrome and cancer-induced cachexia including
anorexia (16,20,38). The serum/plasma levels of TGF-f§
increases in patients with chronic fatigue syndrome and/or
cancer-induced anorexia (16,19,20). Furthermore, in a murine
model of pancreatic cancer cachexia, pharmacologic blockage
of TGF-f improves cancer-related cachexia including weight
loss and skeletal muscle proteolysis (17). Inhibiting TGF-f did
not affect cancer cell proliferation and subcutaneous tumor
growth (17). Although there is no clear correlation between
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TGF-p and RJ in vivo, oral intake of RJ reverses TGF-f3 levels
in the bronchoalveolar lavage fluid induced by bleomycin
treatment in rats (25). These findings are in accordance with
our results that RJ-induced decrease in TGF-f levels corre-
lates with improved anorexia and fatigue but does not correlate
with tumor response after TKI treatment in RCC patients. RJ
and 10-HDA inhibit IL-6 production in macrophages (23,24);
however, there is little information on the influence of RJ on
the serum levels of IL-6 in cancer patients. Our results showed
that oral administration of RJ did not affect serum IL-6 levels
in patients with RCC. However, this is preliminary and more
detailed studies are necessary to conclude this.

Although this is the first clinical trial on the oral admin-
istration of RJ in RCC patients and its effects on anti-cancer
activities and adverse events, this study has several limita-
tions. The most important is the small cohort of patients in
the placebo and RJ groups. Another limitation is the use of
multiple TKIs and patients with non-uniform characteristics.
Moreover, the RJ capsules were provided by a company that
sell supplements made from honey including RJ. Therefore,
to avoid any bias, we conducted this trial using a double-blind
randomized analysis; selection of administration, data collec-
tion, and analysis were performed by a third party approved
by our IRB. Furthermore, RJ was administrated only for
3 months. We did not observe any adverse events induced
by RJ in our study cohort. Therefore, we emphasize the need
for detailed clinical trials with longer period of treatment in
the future to evaluate the treatment strategies in patients with
advanced RCC.

In conclusion, oral administration of RJ strengthened
anti-cancer effects of molecular targeted agents in patients
with metastatic RCC. Moreover, it suppressed the frequency
of anorexia and fatigue induced by TKI therapy. RJ was useful
in maintaining the RDI compared to patients with placebo.
Furthermore, RJ decreased the serum levels of TNF-a and
TGF-p and such changes were speculated to correlate with the
enhanced tumor response and suppressed adverse events.
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