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Sunitinib is the most commonly prescribed drug for advanced renal cell carcinoma
in the first-line setting and has been associated with multiple adverse events related
to its on-and off-target effects, including hand and foot syndrome and fatigue.
It was hypothesized that sunitinib-induced fatigue may be related to off target
inhibition of the AMPK enzyme, which results in impairment of energy-producing
processes at a systemic level. Quercetin is a naturally occurring flavonol with
established AMPK-stimulating activity. While clinical use of quercetin is limited by its
poor bio-availability, quercetin-3-O-B-d-glucopyranoside, that is isoquercetin, has an
improved pharmacokinetic profile. On the grounds of the in vitro stimulatory activity with
respect to AMPK, we hypothesized that oral isoquercetin could improve fatigue in kidney
cancer patients receiving sunitinib. Given the lack of data on the safety of isoquercetin
given concomitantly with sunitinib, we conducted a phase | trial to assess the safety
of GMP manufactured isoquercetin given at two dose levels (450 and 900 mg a day).
In the 12-patient study cohort included in this study, isoquercetin was administered
concomitantly with 50 mg sunitinib for a median 81 days (IQR, 75.5, 86.5). None of the
12 patients required isoquercetin suspension or isoquercetin dose reduction because of
adverse events. No abnormalities in ECG, heart or lower limbs doppler ultrasound were
detected. A statistically significant improvement was reported for the FACIT fatigue score
(6.8 points; 95% Cl: 2.8-10.8; p = 0.002) and for the FACIT Adverse Events score (18.9
points; 95% Cl: 9.1-28.8; p < 0.001) after isoquercetin consumption vs. baseline. In
this phase | trial, isoquercetin was remarkably safe, with a preliminary signal of activity in
terms of improvement of sunitinib adverse events.
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BACKGROUND

In 2017, 63,990 people are estimated to have been diagnosed
with renal cell carcinoma and 14,400 people are estimated
to have died of the disease in the US (Siegel et al., 2017).
Although metastatic disease is virtually incurable, prognosis has
remarkably improved over the last decade thanks to the use
of anti-VEGF agents (Buonerba et al., 2015), such as tyrosine
kinase inhibitors sunitinib and pazopanib (Di Lorenzo et al.,
2010). Sunitinib exerts its antineoplastic activity by inhibiting
a number of molecular targets, which include platelet-derived
growth factor receptors (PDGFRa and PDGFRP), vascular
endothelial growth factor receptors (VEGFRI, VEGFR2, and
VEGEFR3), stem cell factor receptor (KIT), Fms-like tyrosine
kinase-3 (FLT3), colony stimulating factor receptor (CSF-1R),
and the glial cell-line derived neurotrophic factor receptor
(RET) (Papaetis and Syrigos, 2009). Sunitinib has been the
most commonly prescribed first-line therapeutic agent over
the last decade, although recent findings suggest alternative
immunotherapy or targeted treatments may be more effective,
especially in patients at poor prognosis (Powles et al., 2018).
Sunitinib has been associated with multiple adverse events
related to its on- and off-target effects, including hypertension,
hypothyroidism, hand and foot syndrome, and fatigue (Di
Lorenzo et al,, 2011). Severity and incidence of some adverse
events have been associated with certain gene polymorphisms,
such as IL-8 and IL-13 and CYP3A5 (Garcia-Donas et al,
2011; Diekstra et al., 2015). In particular, fatigue has been
reported in approximately half of unselected patients treated
with sunitinib, with about one in 10 patients experiencing
drug-related fatigue limiting self-care activities of daily living
(Di Lorenzo et al, 2011). With respect to other tyrosine
kinases inhibitors approved for the treatment of renal cell
carcinoma, such as pazopanib and sorafenib, sunitinib is
associated with increased rates of all- and high grade fatigue
(Santoni et al., 2015). From a biological point of view, cancer-
related fatigue has been associated with multiple putative
mechanisms, including increased systemic inflammation levels
and impaired mitochondrial function (Saligan et al., 2015).
It was hypothesized that sunitinib-induced fatigue may be
related to decreased expression of the GLUT transporters
with decreased glucose intra-cellular uptake and off target
inhibition of the AMPK enzyme, which results in impairment
of catabolic, energy-producing processes, such as glycolysis
and lipid oxidation at a systemic level (Aparicio et al,
2011). Quercetin is a naturally occurring flavonol characterized
by a phenyl benzo(y)pyrone-derived structure, with putative
antioxidative, anticancer, anti-inflammatory, and antidiabetic
effects of potential clinical interest (Kawabata et al., 2015), and
has been included among the flavonols with AMPK-stimulating
properties (Russo et al., 2014). While clinical use of quercetin
is limited by its poor bio-availability (Kawabata et al., 2015),
quercetin-3-O-p-d-glucopyranoside, that is isoquercetin, has an
improved pharmacokinetic profile (Stopa et al, 2017) and is
efficiently converted in vivo into quercetin (Stopa et al., 2017),
with peak concentration of quercetin of 9.2 WM after ingestion
of 1,000 mg isoquercetin. On the grounds of in vivo isoquercetin

conversion into quercetin, of quercetin in vitro stimulatory
activity with respect to AMPk and GLUT transporters (Eid
et al.,, 2010), as well as on its in vivo stimulatory activity on
mitochondrial biogenesis (Lin et al., 2014), we hypothesized that
a pharmacological intervention based on oral isoquercetin could
improve fatigue in patients receiving sunitinib for advanced
kidney cancer.

The QUASAR trial (Isoquercetin as an adjunct therapy in
patients with kidney cancer receiving first-line sunitinib) is a
phase I/IIb trial designed to test the safety of the combined use
of sunitinib plus isoquercetin (phase I) and the anti-fatigue effect
of isoquercetin vs. placebo (phase IIb) in a population of kidney
cancer patients. We here present the findings of the phase I part
of the QUASAR trial, which tested the safety of two dose levels
(450 and 900 mg) of isoquercetin administered concomitantly
with standard doses of sunitinib.

PATIENTS AND METHODS

Patients

Patients who received no prior systemic therapy other than
sunitinib (including interleukin-2, interferon-a, chemotherapy,
bevacizumab, mTOR inhibitor sorafenib, or other VEGF tyrosine
kinasis inhibitor) for advanced or metastatic renal cell carcinoma
with locally advanced (defined as disease not amenable to
curative surgery or radiation therapy) or metastatic renal cell
carcinoma of any histology (equivalent to Stage IV RCC
according to AJCC staging) for whom treatment with sunitinib
is either planned or ongoing were eligible to participate in the
QUASAR trial. Only patients with a performance status of 0 or
1 were eligible. Patients who had been reported not to tolerate
continuous 50 mg sunitinib or had had any major uncontrolled
medical condition in the past 6 months were not eligible for
the trial. All patients gave their written Ethics committee-
approved informed consent prior to participating in the trial.
The QUASAR trial was approved by all the competent authorities
(Local Ethics Committee, Istituto Superiore di Sanita and AIFA)
(ClinicalTrials.gov Identifier: NCT02446795).

Study Intervention

Isoquercetin (IQC-950AN) 225 mg plus ascorbic acid 55.8 mg
and nicotinic acid 4.5 mg were administered twice a day without
interruption in the first 6-patient cohort enrolled. Isoquercetin
(IQC-950AN) 450 mg plus ascorbic acid 111.6 mg and nicotinic
acid 9 mg were administered twice a day without interruption
in the second six-patient cohort enrolled. Isoquercetin was
delivered concomitantly with sunitinib for two (4:2) or four (2:1)
sunitinib cycles. Sunitinib had to be initiated at the daily dose
of 50 mg according to the schedule used at the time of study
inclusion.

Study Assessments

Five study visits were scheduled: at screening, that is, on the last
day sunitinib was administered during the last sunitinib cycle
before inclusion; visit 1, that is, on the first day sunitinib was
administered during the first sunitinib cycle after inclusion; visit
2, that is, on the last day sunitinib was administered during
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the first sunitinib cycle after inclusion; visit 3, that is on the
first day sunitinib is administered during the second (in case
of 4:2 schedule) or the fourth (in case 2:1 schedule) sunitinib
cycle after inclusion; visit 4, that is on the last day sunitinib was
administered during the second (in case of 4:2 schedule) or the
fourth (in case 2:1 schedule) sunitinib cycle after inclusion.

Full blood count and blood chemistry, history and physical
examination were performed, and questionnaires were
administered at all study visits. The following questionnaires
were used: (a) Fatigue-FACIT -Fatigue Questionnaire; (b)
Quality of life—FACT-G; (c) Depression—PHQ-9 Patient
Depression Questionnaire; (d) Anxiety—Generalized Anxiety
Disorder (GAD-7); (e) Insomnia-Insomnia Symptoms
questionnaire (ISQ); (f) Toxicity of anti-angiogenesis therapy-
FACT-AntiA questionnaire.

Lower limbs venous ultrasonography, heart ultrasound, and
12-lead ECG were performed, and blood samples were collected
for the translational study at baseline and at visit 4.

Safety Assessment

Toxicities associated with the combination of sunitinib and
isoquercetin were evaluated throughout the study treatment and
graded according to the NCI Common Toxicity Criteria 4.0.

The dose limiting toxicities (DLTs) considered for oral
isoquercetin administered concomitantly with sunitinib were:
Grade 2 or worse renal insufficiency; Grade 3-4 nausea; Grade 3-4
vomiting; Grade 3-4 diarrhea; Any serious adverse event related
to concomitant administration of isoquercetin + sunitinib.

Study Procedures and Design

In the phase I part of the study, we chose a 6 + 6 study design,
rather than a 3 + 3 design, in order to assess the potential
adverse events of isoquercetin in a larger patient sample (12
vs. 6). In fact, a classic 3 + 3 design would enroll only 6
patients, should no dose-limiting toxicites be reported-the most
likely scenario given the low expected isoquercetin toxicity. The
first six-patient cohort received 50 mg daily sunitinib + 450 mg
daily isoquercetin. If no patient experienced DLTs until the
completion of the study, then an additional six-patient cohort
would be recruited to receive 900 mg daily isoquercetin. If one
of the six-patient cohort treated with 450 mg daily experienced
a DLT until the completion of the study, then the 450 mg
dose of isoquercetin would be the MTD for the phase II trial.
If more than one of the six patients planned to be recruited
for the 450 mg dose level reported any DLT, then isoquercetin
administration would be halted in all patients and the protocol
would be amended to study lower doses of isoquercetin. If
more than one patient treated at the 900 mg dose level reported
any DLTs then the 450 mg would be the MTD. If not more
than 1 patient experienced DLTs until the completion of the
study in the six-patient cohort treated with 900 mg a day, then
the 900 mg dose level would be the MTD of isoquercetin. The
MTD will be used for the phase II part of the QUASAR trial.
Patients experiencing toxicities regarded to be associated with
isoquercetin that were not dose-limiting could be retreated at
the same dose level upon full recovery. No pharmacokinetic or

biomarker assessments were conducted in the phase I part of the
QUASAR trial.

After study treatment was completed, patients would continue
or discontinue sunitinib at the treating physician’s discretion.

Statistical Analysis
All statistical analyses were performed using R (version 3.4.1; The
R Foundation for Statistical Computing, Vienna, Austria).

Data were described using standard descriptive statistics.
Categorical factors were summarized using counts and
percentages while numerical variable were synthetized using
mean =+ standard deviation or median [25th; 75th percentile]
in case of skewed distribution. Within-group comparisons were
accordingly based either on the paired Student t-test or on the
Wilcoxon test for related samples.

Longitudinal trajectories of efficacy outcomes in the whole
cohort of patients were modeled using linear mixed models
(LMMs) with time treated as categorical factor. Results of LMMs
were reported as estimated difference from baseline with the
corresponding 95% Confidence Intervals (95% C.1.). All test were
two sided and p < 0.05 were considered statistically significant.

RESULTS

Patients’ Characteristics

Twelve patients with clear cell renal carcinoma were included
in this phase I study. Median age of the study population was
63.3 years (48; 83). Eleven patients were males and eleven had
a performance status of 1, while one patient was a female and
one had a performance status of 0. Eleven patients had metastatic
disease, with lung, bone, adrenal, lymph-node, liver metastases

TABLE 1 | Patients’ characteristics.

Number of patients (%)

GENDER
Males 11 (91.7)
Female 1(8.3)
PERFORMANCE STATUS
0 1(8.3)
1 1191.7)
Metastatic disease 11 (91.7)
Bone metastases 4(33.3)
Adrenal metastases 3(29)
Lymph nodes metastasis 3 (25)
Lung metastases 6 (50)
Liver metastases 1(8.3)
Previous radical nephrectomy 10 (83.9)
Previous partial nephrectomy 1(8.9)
Previous metastasectomy 4 (33.3)
Variable Median (25th;
75th percentile)
Age; years 63.3 (48; 83)
Time from diagnosis to initiation of sunitinib; months 12 (2; 46.5)

Duration of previous sunitinib treatment; months 13.9 (4.43; 45.3)
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TABLE 2 | Variations of laboratory parameters before and after isoquercetin in
patients on sunitinib —" © Wilcoxon test for paired samples.

Laboratory test— Visit 1 Mean Visit 4 Mean P-value T-test for
Unit of measure + Standard + Standard paired sample
deviation deviation
Hemoglobin (g/dl) 13.8+1.7 187+£2 0.876
Neutrophils (per mm3) 28+ 1 25+05 0.457
Lymphocytes (per mm3) 1.7+£04 1.7+£06 0.898
Platelet (per mm3) 233.1 £ 83.1 2412 +£79.2 0.750
FT3 pg/ml 27 +06 28+05 0.807
Creatinin (mg/dL) 1.3+02 14+04 0.526
Total bilirubin (mg/dl) 0.7+04 0.6+0.3 0.712
SODIUM (mEa/L) 139.5 £ 4.1 139.6 +4 0.913
POTASSIUM (mEa/L) 46+04 4.4+04 0.142
CHLORIDE (mEa/L) 102.7 £ 1.6 103.2 £ 3.5 0.749
Visit 1 Median Visit 4 Median P-value Wilcoxon
(25th; 75th (25th; 75th test for paired
percentile) percentile) samples
GGT (IU/L) 33 (19; 50.8) 26 (18; 54) 0.172
TSH (mIU/L) 3.9(1.3;126) 4(1.5;12.4) 0.859
Glycemia (mg/dL) 97.5 (86.8; 117.3) 85 (76; 104.5) 0.093
AST (IU/L) 23.5(20.5; 41) 27 (22; 34) 0.444
ALT (UL 27.5(15.3;34.3) 23(18;38) 0.964

TABLE 3 | Adverse events reported during study treatment.

Adverse event

Patients #n (%)

Possibly related to isoquercetin?

DIARRHEA

Grade 1 3
Grade 2 3
HAND AND FOOT SYNDROME
Grade 1 2
Grade 2 3
FATIGUE

Grade 1 7
Grade 2 1
SERUM CREATININE ELEVATION
Grade 1 1
HYPERTENSION

Grade 1 4
DYSGEUSIA

Grade 1 2
OCULAR PAIN

Grade 1 1
PERIPHERAL NEUROPATHY
Grade 1 1
FLATULENCE

Grade 1 1
FLUSHING

Grade 1 1

No

No

No

No

No

Yes

Yes

TABLE 4 | Concomitant medications during study treatment.

Concomitant drug

Patients consuming the drug (n)

OMEPRAZOLO
LEVOTIROXINA
AMLODIPINA
ESOMEPRAZOLO
LANSOPRAZOLO
OLMESARTAN
ZOFENOPRIL
IDROCLORTIAZIDE
GLICLAZIDE
PARACETAMOLO
CODEINA
PERINDROPIL
SITAGLIPTIN
METFORMINA
DENOSUMAB
LOSARTAN
RANITIDINA
NADROPARINA
NEBIVOLOLO
DOXAZOSINA
FENOFIBRATO
COLECALCIFEROLO

ACIDO ACETIL SALICILICO

LECARNEDIPINA
FUROSEMIDE
SILODOSINA
VALSARTAN
SIMVASTATINA
LIOTIRONINA
ALLOPURINOLO
INDAPAMIDE
ENOXAPARINA
CANDESARTAN
TORASEMIDE
PANTOPRAZOLO
RIVAROXABAR
TAPENTADOL
PREGABALIN
LOPERAMIDE
DICLOFENAC
CEFTRIAXONE
PARNAPARINA
WARFARIN

4
5
5
3
1
2
1
3
1
2
1
2
1
1
2
2
1
1
2
2
1
1
1
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1

being reported in 6, 4, 3, 3, and 1 patients, respectively. All
patients had received sunitinib for advanced disease for a median
of 13.9 months (IQR, 4.43-45.3). Median time from diagnosis
to sunitinib initiation was 12 months (2; 46.5). All patients gave
written informed consent to participate in the trial. Patients’
characteristics are detailed in Table 1.
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Treatment and Safety

In the 12-patient study cohort, isoquercetin was administered
concomitantly with 50 mg sunitinib for a median 81 days (IQR,
75.5, 86.5). Isoquercetin was remarkably safe, with none of the 12
patients requiring isoquercetin suspension or isoquercetin dose
reduction because of adverse events. No abnormalities in ECG,
heart or lower limbs doppler ultrasound were detected.

Sunitinib was administered at 50 mg according to the 4:2
schedule to 2 patients, while it was administered according to
the 2:1 schedule in 10 patients. One patient had to suspend
sunitinib for 20 days because of grade 2 diarrhea, while
sunitinib dose was reduced from 50 to 37.5mg in a 75-
year old patient because of persistent grade 1 hypertension
despite multi-drug anti-hypertensive therapy. There were no
significant changes in laboratory parameters (see Table 2). No
dose-limiting toxicities were reported either in the 450 mg
or in the 900mg isoquercetin cohort. All adverse events
are reported in Table3. We judged two events to be
associated with isoquercetin consumption, with one patient
reporting a single grade 1 flushing episode lasting <5min
after consuming isoquercetin and one patient reporting one
episode of grade 1 flatulence after isoquercetin ingestion,
which resolved spontaneously after <1 week. Concomitant
medications are reported in Table 4. No clinically relevant drug-
drug interaction was reported during study treatment at either
dose level.

EFFICACY OUTCOMES

A statistically significant improvement at visit 4 vs. screening
was reported for the fatigue score (6.8 points; 95% CI: 2.8-10.8;

p = 0.002) and for the Adverse Events score (18.9 points; 95%
CI: 9.1-28.8; p < 0.001). A borderline significant improvement in
quality of life score (5.5 points; 95% CI: —0.1 to 11.1; p = 0.069)
was also obtained (see Figures 1-3 and Table 5). Median scores
obtained in single questions of the Adverse Events questionnaire
are reported in Table 6. Clinically and statistically significant
improvements were reported in questions regarding hand-and-
foot syndrome (“The skin on my hands hurts”; “Hand pain or
tenderness interferes with my daily activities”; “I am bothered by
a skin rash”) and dysgeusia (“I am bothered by a change in the
way food tastes”; “I am bothered by dry mouth”).

A statistically significant improvement of 4.9 points for
physical well-being was observed (95% CI: 2.4-7.5; p < 0.001)
(Table 5). There were statistically significant improvements for
the depression and anxiety scores, while no patients reported
insomnia at screening or during study treatment (data not
shown).

All patients had radiological stable disease at the end of study
treatment. No deep venous thrombosis events were reported
during study treatment.

DISCUSSION

According to the definition provided by the National
Comprehensive Cancer Network guidelines (Berger et al., 2015),
cancer-related fatigue is a distressing, persistent, subjective
sense of physical, emotional, and/or cognitive tiredness or
exhaustion related to cancer or cancer treatment that is not
proportional to recent activity and interferes with the usual
functioning. In kidney cancer patients treated with a biological
agent, fatigue has been reported in up to 90% of patients,

p=0.027

FATIGUE

30~

p=0.005

p<0.001

p=0.002

FIGURE 1 | Variation of fatigue levels (higher scores indicate less fatigue).
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FIGURE 2 | Variation of quality of life levels (higher scores indicate improved quality of life).
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FIGURE 3 | Variation of adverse events of anti-angiogenetic treatment levels (higher scores indicate less adverse events).

with a detrimental effect on quality of life (Goebell et al,
2016). In the particular setting of cancer patients receiving
sunitinib, fatigue may be related to sunitinib-induced inhibition
of the AMPK enzyme, which plays a key role in responding
to ATP depletion via activation of multiple ATP-generating
pathways (Aparicio et al., 2011). As reported by the NCCN
guidelines, only a few pharmacological psychostimulant agents

are included as potential effective interventions to relieve cancer-
related fatigue. Although the use of nutritional supplements
appears attractive for multiple reasons (e.g., because of their
safety and patient compliance), none of those investigated
in randomized controlled trials, including coenzyme Q10,
American ginseng and acetylcarnitine, have proven to be more
effective than placebo (Cruciani et al., 2012; Lesser et al., 2013;
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Yennurajalingam et al., 2017)- also because of a clinically
significant placebo effect.

The biological rationale of administering isoquercetin to
relieve fatigue in a population of sunitinib-treated patients
is based on the potential stimulatory effect of quercetin on
the AMPK enzyme shown in preclinical models. In one
in vitro study, cells of a mouse myoblast cell line were
exposed to 50 or 100 wM quercetin, and showed increased
phosphorylation of Acetyl-CoA carboxylase, an AMPK effector,
independently on PKB stimulation (Eid et al, 2010). In
another cellular model, adipocytes 3T3-L1 cells exposed to
increasing concentrations of quercetin (10, 50, and 100 wM),
showed dose-correlated increasing up-regulation of the levels
of phosphorylated adenosine monophosphate-activated protein
kinase (AMPK) and its substrate, acetyl-CoA carboxylase (Ahn
et al., 2008). A stimulatory effect on the AMPK activity was
also observed in a mouse model of high-cholesterol-fed old
mice consuming quercetin (Lu et al., 2010), while the quercetin
derivative pentamethylquercetin increased both AMPK and
GLUT4 activity in obese mice (Shen et al,, 2012). One study
examined the effects of 7 days of quercetin feedings in mice
on endurance exercise tolerance. Mice were randomly assigned
to one of the following three treatment groups: placebo, 12.5
or 25mg/kg quercetin. Some mice also underwent a treadmill
performance run to fatigue or were placed in voluntary activity
wheel cages, and their voluntary activity (distance, time, and peak
speed) was recorded. Quercetin increased mRNA expression
of markers of mitochondrial biogenesis, that is PGC-lalpha
and SIRT1 (P < 0.05), mtDNA (P < 0.05), and cytochrome
¢ concentration (P < 0.05), and increased both maximal
endurance capacity (P < 0.05) and voluntary wheel-running
activity (P < 0.05; Davis et al., 2009). As far as clinical
evidence is concerned, one meta-analysis identified eleven
studies providing data on 254 human subjects. Across all
studies, subject presupplementation VO(2max) ranged from 41
to 64 mL-kg!min~! (median = 46), and median treatment
duration was 11 days with a median dosage of 1,000 mg per
day. Effect sizes were computed as the standardized mean
difference, and meta-analyses were completed using a random-
effects model. The effect size computed for all studies combining
VO(2max) and endurance performance measures indicated
a statistically significant, yet trivial-to-small in magnitude,
effect favoring quercetin over placebo (effect size = 0.15,
P = 0.021, 95% confidence interval = 0.02-0.27; Kressler et al.,
2011).

Our study is the first published phase I trial that tested
isoquercetin not as a nutritional supplement or an extract but
as a GMP-manufactured pharmacological agent. Isoquercetin
was administered in combination with low doses of vitamin
B3 and C at the manufacturer’s request to use vitamin C and
B3 as stabilizers to prevent isoquercetin oxidation. As in both
the 450 and 900 mg arms the total doses of vitamin C and B3
delivered were, respectively, 100-200 and 9-18 mg, which were
largely within safety limits and below or near doses commonly
used for supplementation (Hageman et al., 1998; Hemila and
Chalker, 2013), we considered that co-administration of B3 and
C was highly unlikely to cause adverse events and consented

TABLE 5 | Longitudinal variations of primary and secondary end points.

Quality of life score

Difference from baseline [95% C.l.]

Screening 67.8 £ 9.4 -
Visit 1 73.6 £ 11.9 5[-0.5t010.7] p = 0.092
Visit 2 789 + 111 10.4 [4.8t0 16] p < 0.001
Visit 3 753+ 9.2 6.8 [1.21t0 12.5] p = 0.025
Visit 4 74+ 95 5.5[-0.1to 11.1] p = 0.069
Adverse events score Difference from baseline [95% C.I.]
Screening 555 +£17.9 -
Visit 1 68.2 £ 17.1 12.4[2.61022.3] p = 0.02
Visit 2 67.4+17.9 11.6[1.8t0 21.5] p = 0.029
Visit 3 76.7 £ 82 20.8 [11t0 30.7] p < 0.001
Visit 4 74.8 £ 9.1 18.9 9.1 t0 28.8] p < 0.001
Fatigue Difference from baseline [95% C.l.]
Screening 30.9 £+ 8.1 -
Visit 1 355+ 7.2 4.8[0.81t08.8] p =0.027
Visit 2 36.9+9 6.2 [2.2t0 10.2] p = 0.005
Visit 3 403+ 4.9 9.6 [5.6 to 13.6] p < 0.001
Visit 4 37.5+ 8.3 6.8 [2.81t0 10.8] p = 0.002
Functional well-being Difference from baseline [95% C.l.]
Screening 145+54 -
Visit 1 156+ 48 0.2[-2.4t02.8]p=0.873
Visit 2 152 + 4.9 0.5[-2.1t03.1]p =0.731
Visit 3 15+ 3.7 0.2[-2.4t02.8]p =0.873
Visit 4 13.3+29 —1.4[-4t01.2]p=0.288
Emotional well-being Difference from baseline [95% C.I.]
Screening 17 £ 3.4 -
Visit 1 184 £ 3.7 1.3[-0.4t03.1]p =0.157
Visit 2 191+ 25 2[0.2 to 3.8] p = 0.036
Visit 3 18.7 £ 3.9 1.6 [-0.2 to 3.4] p = 0.094
Visit 4 18.7 £ 3.2 1.6 [-0.2 to 3.4] p = 0.094
Social/family well-being  Difference from baseline [95% C.l.]
Screening 20.1 £ 4.1 -
Visit 1 201 £ 3 —0.3[-2.8t02.3]p =0.847
Visit 2 22+ 4.8 1.7[-0.91t0 4.3] p = 0.225
Visit 3 18.8 £ 4.6 —1.5[-4.1to1.1]p =0.267
Visit 4 195+ 54 —0.8[-3.4t01.8] p =0.533
Physical well-being Difference from baseline [95% C.l.]
Screening 175+ 4.6 -
Visit 1 201 +£57 2.5[0t05.1] p = 0.064
Visit 2 22.6 +£ 3.7 5[2.5t07.6] p < 0.001
Visit 3 22.8 + 3.6 5.3[2.7to 7.8] p < 0.001
Visit 4 225+ 24 4.9[2.4t07.5] p < 0.001

Changes from baseline, with the corresponding 95%C.1., were obtained using linear mixed

models.
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TABLE 6 | Individual questions of FACT-AntiA (Version 4) questionnaire in the entire study cohort.

Question Screening End of follow up p-value
| feel fatigued 2 [1.75; 2.25)] 1[0.75; 2] 0.016
| feel weak all over 1.5[1; 2.25] 1[1; 2] 0.258
My fatigue keeps me from doing the things | want to do 11[0; 2] 1105 1] 0.109
| am bothered by mouth sores or tenderness 2[0.75; 2.25] 11[0.75; 1.25] 0.0683
Because of my mouth sores. Eating is difficult 11[0; 2.25] 0[0; 0.25] 0.063
The skin on my hands hurts 0.5 [0; 2.25] 01[0; Q] 0.063
Hand pain or tenderness interferes with my daily activities 1[0; 3.25] 010; 1] 0.047
The skin on my feet hurts 0.51[0; g] 01[0; 1] 0.031
Pain on the bottom of my feet interferes with my walking 1.5[1; 3.25] 11[0; 2.25] 0.297
| have diarrhea (diarrhoea) 2 [0; 3.25] 110; 2] 0.188
| have to limit my activities because of diarrhea (diarrhoea) 11[0; 2] 110; 1] 0.344
| am bothered by a change in the way food tastes 11[0; 1.25] 0.51[0; 1] 0.156
| am bothered by dry mouth 3.5[1.75; 4] 11[1; 8] 0.047
| am bothered by headaches 31[1.75; 3] 110; 2] 0.004
| have pain in my joints 0[0; 1.5] 0[0; 0.25] 0.375
| am bothered by constipation 11[0; 3] 110; 2] 0.094
| am bothered by a skin rash 1.5[0; 2.25] 010; 1] 0.031
| am bothered by nosebleeds 2 [1.75; 3.25] 0.51[0; 1.25] 0.007
| am bothered by hair loss 01[0; 2.25] 0[0; 0.25] 0.156
| am bothered by swelling in certain areas of my body 01[0; 1] 01[0; Q] 0.125
| have a loss of appetite 11[0; 1.25] 01[0; 1] 0.344
| have been short of breath 11[0; 2.25] 0[0; 0.25] 0.063
| have been vomiting 0[0; 2 01[0; Q] 0.125

Data are expressed as median [25th; 75th percentile].

to use the manufacturers formula. Importantly, we decided to
use vitamin C and B3, rather than a completely inert placebo,
in the control arm of the phase II part of the trial, in order
to exclude that these vitamins could play a significant role in
any anti-fatigue effect seen. In the only phase I study conducted
on quercetin, quercetin was administered intravenously up to
the dose of 1,700 mg/m? at 3-weekly or weekly intervals in
a cohort of 51 patients with advanced cancer. Kidney failure,
which could be partially prevented by intravenous hydration,
was the only dose-limiting toxicity, and the authors concluded
that the dose suggested for a phase II trial for intravenous
use was 1,400 mg/m? at 3-week or weekly intervals, although
grade 3 renal toxicity was reported in one patient receiving 630
rng/m2 intravenous quercetin (Ferry et al., 1996). Quercetin is
considered as a safe nutritional ingredient by the FDA up to the
dose of 500 mg per serving! Presently, clinical data about the
safety of quercetin and isoquercetin are available from clinical
trials using quercetin or its related compounds as nutritional
supplements or extracts (Shoskes et al., 1999; Kiesewetter et al.,
2000; Lozoya et al., 2002; Shanely et al., 2010). The Institutional
Review Board at the Dana-Farber Institution and the FDA
have recently approved two dose levels of isoquercetin, 500
and 1,000 mg, to be simultaneously tested in the phase IIb
part of a large phase II/III trial for thrombosis prevention in

!https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=
341.

cancer patients (ClinicalTrials.gov: NCT02195232). Our phase
I study is the first to assess the potential interactions of
GMP-manufactured isoquercetin with sunitinib in a selected
population of kidney cancer patients. In our phase I trial, we
found that up to 900 mg a day isoquercetin is remarkably safe,
with no patient having to reduce or suspend isoquercetin, no
clinically relevant drug-drug interaction, and only two single,
short-timed episodes of grade 1 flatulence and grade 1 flushing
judged to be possibly associated with isoquercetin. The adverse
events reported overall are consistent with those known to be
related to sunitinib (Di Lorenzo et al, 2011). We purposely
enrolled a cohort of patients who had shown good tolerance
to sunitinib to better identify potential and unexpected adverse
events potentially associated with isoquercetin. Conversely, a
statistically significant improvement of the score of fatigue and
toxicity related to anti-VEGF agent score levels measured on
the last day of sunitinib before starting isoquercetin vs. the
last day of isoquercetin before stopping sunitinib was noted.
In particular, we found a signal for reduced fatigue, hand-
and-foot syndrome and dysgeusia associated with isoquercetin
consumption. Although these findings are encouraging, the
magnitude of the placebo effect cannot be estimated in
this single-arm cohort, and randomized-controlled trials are
required.

In conclusion, we found that isoquercetin coadministered
with low oral doses of vitamin C and B3 had an excellent safety
profile, patient compliance and encouraging activity in terms of
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improvement of fatigue, possibly, other adverse events (e.g., hand
and foot syndrome) associated with sunitinib. Continuation of
phase I/II QUASAR trial is warranted using isoquercetin 900
mg/day.

AUTHOR CONTRIBUTIONS

GDL and CB: study conception and design, obtaining funds,
protocol writing; GDL, CB, PDP, PU, AL, DT and FP: manuscript
writing; DBr: statistics; PDP, MP, DBo, DR, SI, VR, M1, BC, GG,
FV, LS: data collection; AB, DT, AM, SDP: supervision.

REFERENCES

Ahn, J., Lee, H.,, Kim, S., Park, J., and Ha, T. (2008). The anti-obesity effect
of quercetin is mediated by the AMPK and MAPK signaling pathways.
Biochem. Biophys. Res. Commun. 373, 545-549. doi: 10.1016/j.bbrc.2008.
06.077

Aparicio, L. M., Pulido, E. G, and Gallego, G. A. (2011).
Sunitinib-induced  asthenia:  from  molecular basis to clinical
relief.  Cancer Biol. Ther. 12, 765-771. doi: 10.4161/cbt.12.9.
18138

Berger, A. M., Mooney, K., Alvarez-Perez, A., Breitbart, W. S., Carpenter, K. M.,
Cella, D, et al. (2015). Cancer-related fatigue, version 2.2015. J. Natl. Compr.
Canc. Netw. 13, 1012-1039. doi: 10.6004/jnccn.2015.0122

Buonerba, C., Ferro, M., Perri, F., Calderoni, G., Mambella, P., Giordano, P., et al.
(2015). How can we improve prognostic models in renal cell carcinoma? Expert
Opin. Pharmacother. 16, 1281-1283. doi: 10.1517/14656566.2015.1046838

Cruciani, R. A., Zhang, J. ], Manola, J., Cella, D., Ansari, B., and Fisch,
M. J. (2012). L-carnitine supplementation for the management of fatigue
in patients with cancer: an eastern cooperative oncology group phase
III, randomized, double-blind, placebo-controlled trial. J. Clin. Oncol. 30,
3864-3869. doi: 10.1200/JC0O.2011.40.2180

Davis, J. M., Murphy, E. A., Carmichael, M. D., and Davis, B.. (2009).
Quercetin increases brain and muscle mitochondrial biogenesis and exercise
tolerance. Am. J. Physiol. Regul. Integr. Comp. Physiol. 296, R1071-R1077.
doi: 10.1152/ajpregu.90925.2008

Diekstra, M. H., Liu, X., Swen, J. ]., Boven, E., Castellano, D., Gelderblom, H., et al.
(2015). Association of single nucleotide polymorphisms in IL8 and IL13 with
sunitinib-induced toxicity in patients with metastatic renal cell carcinoma. Eur.
J. Clin. Pharmacol. 71, 1477-1484. doi: 10.1007/s00228-015-1935-7

Di Lorenzo, G., Buonerba, C., Biglietto, M., Scognamiglio, F., Chiurazzi,
B., Riccardi, F., et al. (2010). The therapy of kidney cancer with
biomolecular ~drugs. Cancer Treat. Rev. 36(Suppl. 3), $16-S20.
doi: 10.1016/S0305-7372(10)70015-3

Di Lorenzo, G., Porta, C., Bellmunt, J., Sternberg, C., Kirkali, Z., Stachler, M., et al.
(2011). Toxicities of targeted therapy and their management in kidney cancer.
Eur. Urol. 59, 526-540. doi: 10.1016/j.eururo.2011.01.002

Eid, H. M., Martineau, L. C, Saleem, A., Muhammad, A., Vallerand, D.,
Benhaddou-Andaloussi, A., et al. (2010). Stimulation of AMP-activated
protein kinase and enhancement of basal glucose uptake in muscle cells
by quercetin and quercetin glycosides, active principles of the antidiabetic
medicinal plant Vaccinium vitis-idaea. Mol. Nutr. Food Res. 54, 991-1003.
doi: 10.1002/mnfr.200900218

Ferry, D. R., Smith, A., Malkhandj, J., Fyfe, D. W., deTakats, P. G., Anderson, D.,
et al. (1996). Phase I clinical trial of the flavonoid quercetin: pharmacokinetics
and evidence for in vivo tyrosine kinase inhibition. Clin. Cancer Res. 2, 659-668.

Garcia-Donas, J., Esteban, E., Leandro-Garcia, L. J., Castellano, D. E., del Alba, A.
G., Climent, M. A, et al. (2011). Single nucleotide polymorphism associations
with response and toxic effects in patients with advanced renal-cell carcinoma
treated with first-line sunitinib: a multicentre, observational, prospective study.
Lancet Oncol. 12, 1143-1150. doi: 10.1016/S1470-2045(11)70266-2

Goebell, P. J., Miiller, L., Hurtz, H. J., Koska, M., Busies, S., and Marschner,
N. (2016). A cross-sectional investigation of fatigue, mucositis, hand-
foot syndrome and dysgeusia in advanced renal cell carcinoma treatment:

FUNDING

The study was supported by no-profit organization Consorzio
Oncotech. Quercegen Pharma AG (Oberwil-Lieli, Switzerland)
provided isoquercetin free of charge plus financial support to
Consorzio Oncotech according to the existing Italian laws on
no-profit clinical trials.

ACKNOWLEDGMENTS

Publication of this article was supported by LILT sez. Napoli.

final results from the famous study. Clin. Genitourin. Cancer 14, 63-68.
doi: 10.1016/j.clgc.2015.09.004

Hageman, G. J., Stierum, R. H., van Herwijnen, M. H., van der Veer, M. S, and
Kleinjans, J. C. (1998). Nicotinic acid supplementation: effects on niacin status,
cytogenetic damage, and poly(ADP-ribosylation) in lymphocytes of smokers.
Nutr. Cancer 32, 113-120. doi: 10.1080/01635589809514728

Hemila, H., and Chalker, E. (2013). Vitamin C for preventing and
treating the common cold. Cochrane Database Syst. Rev. 1:CD000980.
doi: 10.1002/14651858.CD000980.pub4

Kawabata, K., Mukai, R., and Ishisaka, A. (2015). Quercetin and related
polyphenols: new insights and implications for their bioactivity and
bioavailability. Food Funct. 6, 1399-1417. doi: 10.1039/C4FO01178C

Kiesewetter, H., Koscielny, J., Kalus, U., Vix, J. M., Peil, H., Petrini, O., et al.
(2000). Efficacy of orally administered extract of red vine leaf AS 195 (folia
vitis viniferae) in chronic venous insufficiency (stages I-II). A randomized,
double-blind, placebo-controlled trial. Arzneimittelforschung 50, 109-117.
doi: 10.1055/s-0031-1300174

Kressler, J., Millard-Stafford, M., and Warren, G. L. (2011). Quercetin and
endurance exercise capacity: a systematic review and meta-analysis. Med. Sci.
Sports Exerc. 43, 2396-2404. doi: 10.1249/MSS.0b013e31822495a7

Lesser, G.J., Case, D., Stark, N., Williford, S., Giguere, J., Garino, L. A., et al. (2013).
A randomized, double-blind, placebo-controlled study of oral coenzyme Q10 to
relieve self-reported treatment-related fatigue in newly diagnosed patients with
breast cancer. J. Support. Oncol. 11, 31-42. doi: 10.1016/j.suponc.2012.03.003

Lin, Y., Liu, H. L., Fang, J., Yu, C. H., Xiong, Y. K., and Yuan, K (2014). Anti-fatigue
and vasoprotective effects of quercetin-3-O-gentiobiose on oxidative stress and
vascular endothelial dysfunction induced by endurance swimming in rats. Food
Chem. Toxicol. 68, 290-296. doi: 10.1016/j.fct.2014.03.026

Lozoya, X., Reyes-Morales, H., Chavez-Soto, M. A., Martinez-Garcia Mdel., C.,
Soto-Gonzélez, Y., and Doubova, S. V. (2002). Intestinal anti-spasmodic effect
of a phytodrug of Psidium guajava folia in the treatment of acute diarrheic
disease. J. Ethnopharmacol. 83, 19-24. doi: 10.1016/S0378-8741(02)00185-X

Lu, J., Wu, D. M., Zheng, Y. L., Hu, B., Zhang, Z. F., Shan, Q., et al. (2010).
Quercetin activates AMP-activated protein kinase by reducing PP2C expression
protecting old mouse brain against high cholesterol-induced neurotoxicity. J.
Pathol. 222, 199-212. doi: 10.1002/path.2754

Papaetis, G. S., and Syrigos, K. N. (2009). Sunitinib: a multitargeted receptor
tyrosine kinase inhibitor in the era of molecular cancer therapies. BioDrugs 23,
377-389. doi: 10.2165/11318860-000000000-00000

Powles, T., Albiges, L., Staehler, M., Bensalah, K., Dabestani, S., Giles, R. H., et al.
(2018). Updated European association of urology guidelines recommendations
for the treatment of first-line metastatic clear cell renal cancer. Eur. Urol. 73,
311-315. doi: 10.1016/j.eururo.2017.11.016

Russo, G. L., Russo, M., and Spagnuolo, C. (2014). The pleiotropic flavonoid
quercetin: from its metabolism to the inhibition of protein kinases in chronic
lymphocytic leukemia. Food Funct. 5, 2393-2401. doi: 10.1039/C4FO00413B

Saligan, L. N., Olson, K., Filler, K., Larkin, D., Cramp, F., Yennurajalingam, S., et al.
(2015). The biology of cancer-related fatigue: a review of the literature. Support.
Care Cancer 23, 2461-2478. doi: 10.1007/s00520-015-2763-0

Santoni, M., Conti, A., Massari, F., Arnaldi, G., Iacovelli, R., Rizzo, M., et al. (2015).
Treatment-related fatigue with sorafenib, sunitinib and pazopanib in patients
with advanced solid tumors: an up-to-date review and meta-analysis of clinical
trials. Int. J. Cancer 136, 1-10. doi: 10.1002/ijc.28715

Frontiers in Pharmacology | www.frontiersin.org

March 2018 | Volume 9 | Article 189


https://doi.org/10.1016/j.bbrc.2008.06.077
https://doi.org/10.4161/cbt.12.9.18138
https://doi.org/10.6004/jnccn.2015.0122
https://doi.org/10.1517/14656566.2015.1046838
https://doi.org/10.1200/JCO.2011.40.2180
https://doi.org/10.1152/ajpregu.90925.2008
https://doi.org/10.1007/s00228-015-1935-7
https://doi.org/10.1016/S0305-7372(10)70015-3
https://doi.org/10.1016/j.eururo.2011.01.002
https://doi.org/10.1002/mnfr.200900218
https://doi.org/10.1016/S1470-2045(11)70266-2
https://doi.org/10.1016/j.clgc.2015.09.004
https://doi.org/10.1080/01635589809514728
https://doi.org/10.1002/14651858.CD000980.pub4
https://doi.org/10.1039/C4FO01178C
https://doi.org/10.1055/s-0031-1300174
https://doi.org/10.1249/MSS.0b013e31822495a7
https://doi.org/10.1016/j.suponc.2012.03.003
https://doi.org/10.1016/j.fct.2014.03.026
https://doi.org/10.1016/S0378-8741(02)00185-X
https://doi.org/10.1002/path.2754
https://doi.org/10.2165/11318860-000000000-00000
https://doi.org/10.1016/j.eururo.2017.11.016
https://doi.org/10.1039/C4FO00413B
https://doi.org/10.1007/s00520-015-2763-0
https://doi.org/10.1002/ijc.28715
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Buonerba et al.

Isoquercetin in Kidney Cancer

Shanely, R. A., Knab, A. M., Nieman, D. C, Jin, F., McAnulty, S. R., and
Landram, M. J. (2010). Quercetin supplementation does not alter antioxidant
status in humans. Free Radic. Res. 44, 224-231. doi: 10.3109/107157609034
07293

Shen, J. Z., Ma, L. N, Han, Y., Liu, J. X,, Yang, W. Q., Chen, L., et al
(2012). Pentamethylquercetin generates beneficial effects in monosodium
glutamate-induced obese mice and C2C12 myotubes by activating AMP-
activated protein kinase. Diabetologia 55, 1836-1846. doi: 10.1007/s00125-012-
2519-z

Shoskes, D. A. Zeitlin, S. I, Shahed, A., and Rajfer, J. (1999).
Quercetin in men with category III chronic prostatitis: a preliminary
prospective, double-blind, placebo-controlled trial. Urology 54, 960-963.
doi: 10.1016/S0090-4295(99)00358-1

Siegel, R. L., Miller, K. D., and Jemal, A. (2017). Cancer statistics, 2017. CA Cancer
J. Clin. 67, 7-30. doi: 10.3322/caac.21387

Stopa, J. D., Neuberg, D., Puligandla, M., Furie, B., Flaumenhaft, R., and Zwicker,
J. 1. (2017). Protein disulfide isomerase inhibition blocks thrombin generation
in humans by interfering with platelet factor V activation. JCI Insight 2:¢89373.
doi: 10.1172/jci.insight.89373

Yennurajalingam, S., Tannir, N. M., Williams, J. L., Lu, Z., Hess, K. R,, Frisbee-
Hume, S., et al. (2017). A double-blind, randomized, placebo-controlled
trial of panax ginseng for cancer-related fatigue in patients with advanced
cancer. J. Natl. Compr. Canc. Netw. 15, 1111-1120. doi: 10.6004/jnccn.201
7.0149

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Buonerba, De Placido, Bruzzese, Pagliuca, Ungaro, Bosso, Ribera,
Iaccarino, Scafuri, Liotti, Romeo, Izzo, Perri, Casale, Grimaldi, Vitrone, Brunetti,
Terracciano, Marinelli, De Placido and Di Lorenzo. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Pharmacology | www.frontiersin.org

10

March 2018 | Volume 9 | Article 189


https://doi.org/10.3109/10715760903407293
https://doi.org/10.1007/s00125-012-2519-z
https://doi.org/10.1016/S0090-4295(99)00358-1
https://doi.org/10.3322/caac.21387
https://doi.org/10.1172/jci.insight.89373
https://doi.org/10.6004/jnccn.2017.0149
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Isoquercetin as an Adjunct Therapy in Patients With Kidney Cancer Receiving First-Line Sunitinib (QUASAR): Results of a Phase I Trial
	Background
	Patients and Methods
	Patients
	Study Intervention
	Study Assessments
	Safety Assessment
	Study Procedures and Design
	Statistical Analysis

	Results
	Patients' Characteristics
	Treatment and Safety

	Efficacy Outcomes
	Discussion
	Author Contributions
	Funding
	Acknowledgments
	References


