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LESSONS LEARNED

• A PHY906 and capecitabine combination could be effective as a salvage therapy for patients with hepatocellular carci-
noma (HCC) previously treated with multiple systemic therapies.

• This traditional Chinese medicine formulation can work with Western cancer chemotherapeutic agents to improve clinical
outcomes or alleviate side effects for patients with advanced HCC.

ABSTRACT

Background. This study aimed to evaluate efficacy and safety
of capecitabine combined with a PHY906 (a pharmaceutical-

grade formulation of four traditional Chinese herbs) in the

treatment of advanced hepatocellular carcinoma (HCC) in

Asian patients who were positive for hepatitis B virus (HBV).
Methods. This study was an open-label, phase II safety and
efficacy clinical trial of PHY906 and capecitabine in patients

with advanced HCC. Patients received 750 mg/m2

capecitabine b.i.d. 14 days plus 800 mg of PHY906 b.i.d. on

days 1–4 and days 8–11 every 21-day cycle. The primary

endpoint was 6-month survival rate, and secondary end-

points were progression-free survival, overall survival, dis-

ease control rate, and safety.
Results. Thirty-nine subjects completed the study with a
46.2% stable disease rate. The median progression-free sur-

vival was 1.5 months, and median overall survival (mOS) was

6 months with a 51.3% 6-month survival rate. The most com-

mon adverse events included lower hemoglobin, diarrhea,

pain, abdomen (not otherwise specified), fatigue, increased

aspartate aminotransferase, and bilirubin. Patients who

(a) had not received previous chemotherapies or targeted

therapy or (b) had lower starting alpha-fetoprotein (AFP)

levels or (c) had HBV infection showed better clinical
outcome.
Conclusion. Our data showed that PHY906 increases the
therapeutic index of capecitabine by enhancing its antitumor
activity and reduces its toxicity profile in advanced HCC. The
Oncologist 2021;26:e367–e373

DISCUSSION

In 2007, sorafenib was approved by the U.S. Food and Drug
Administration (FDA). Results from two phase III clinical tri-
als indicated that sorafenib increased mOS from 7.9 months
to 10.7 months (in the U.S. SHARP trial) and from
4.2 months to 6.5 months (in the Asia-Pacific trial). One
potential explanation for the difference between the two
populations was the etiology of the underlying hepatitis,
with HBV-positive HCC more prevalent in Asian countries.
Any regimens capable of increasing the therapeutic index of
current therapies among HBV-positive patients with HCC
would benefit the global HCC population.

YIV-906 (PHY906) was developed as an orphan drug for
treating patients with advanced liver cancer. In March 2018,
the FDA granted YIV-906 orphan drug designation for the
indication of HCC. Based on the encouraging safety profile
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and the median overall survival from previous U.S. and
Taiwan studies of YIV-906 and capecitabine combination
therapy and a phase I YIV-906 and sorafenib combination
therapy, an ongoing phase II randomized placebo-controlled
study investigating the combination of YIV-906 and sorafenib
(Nexavar, Bayer, Leverkusen, Germany) in HBV-positive
patients with advanced hepatocellular carcinoma is being
conducted by Yiviva Inc. at 22 study sites in the U.S., China,
Hong Kong, and Taiwan. The goal is to seek approval in the
U.S. and China for YIV-906 as a prescription drug for first-line

(sorafenib), second-line (PD-1), or third-line (capecitabine)
therapy.

In this study, the combination of PHY906 plus capecitabine
was found to have an mOS of 6 months with a 6-month sur-
vival rate of 51% among 39 patients assessed by intention to
treat. Results indicated that patients who were systemic ther-
apy naïve, including chemotherapy (n = 7), thalidomide, or
everolimus treatments, could have better clinical outcome
than those who have received multiple prior systemic thera-
pies, with mOS of 9.2 and 5.45 months, respectively. Interest-
ingly, patients with lower starting AFP also showed better
mOS (9.2 months). In addition, 27 patients were treated with
at least two cycles of study drug, whereas 12 patients had
fewer than two cycles of treatment. A subgroup analysis was
performed comparing these 27 evaluable patients with non-
evaluable patients (fewer than two cycles of treatment,
n = 12). The data indicated an mOS of 8.4 months versus
1.8 months (Fig. 1A; p = .0084).

In our previous study of PHY906/capecitabine in the
U.S., better clinical outcomes were reported in evaluable
Asian patients (who completed at least two cycles of treat-
ment) than in the evaluable non-Asian patients, with mOS
of 16.5 and 6.9 months, respectively. By combining HBV-
positive, evaluable, Asian patients with HCC who were naïve
to systemic therapy in both the Taiwan and the U.S. trials,
the mOS was 16.5 months (Fig. 1B), suggesting that the
PHY906/capecitabine combination may provide a survival
benefit and has a tolerable safety profile for patients with
HCC and HBV infection. This effect has also been observed
in colon cancer, pancreatic cancer, and chemoradiation
therapy.

Based on the encouraging safety profile and the mOS
from previous studies, an ongoing phase II randomized
placebo-controlled study investigating the combination of
PHY906 and sorafenib in HBV-positive patients with
advanced hepatocellular carcinoma is being conducted at
22 study sites in the U.S., China, Hong Kong, and Taiwan. The
goal is to seek approval in the U.S. and China for PHY906 as
a prescription drug for first-line (sorafenib), second-line
(PD-1), or third-line (capecitabine) therapy.

TRIAL INFORMATION

Disease Hepatocellular carcinoma

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy One prior regimen

Type of Study Phase II, single arm

Primary Endpoint Six-month survival rate

Secondary Endpoints Disease control rate (complete response/partial response + stable
disease), progression-free survival, overall survival, AFP reduction,
change in quality of life, safety

Investigator’s Analysis Active and should be pursued further

DRUG INFORMATION

Drug 1

Generic/Working Name PHY906, KD018, YIV-906

Trade Name YIV-906

Figure 1. Kaplan-Meier plots: percentage survival. (A): Impact
of treatment cycles on the clinical outcomes. (B):
Chemotherapy-naïve evaluable patients with hepatocellular
carcinoma and hepatitis B virus benefited most with PHY906
plus capecitabine drug treatment (combination of both
U.S. and Taiwan studies).
Abbreviations: CI, confidence interval; HR, hazard ratio; mOS,
median overall survival.
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Company Name Yiviva Inc.

Dose 800 b.i.d. milligrams (mg) per day

Route Oral (p.o.)

Schedule of Administration Patients were initially treated for two 21-day courses with
PHY906 800 mg b.i.d. + capecitabine 750 mg/m2 b.i.d. according
to the following schedule: capecitabine 14 days on treatment,
days 1 through 14, and 7 days off treatment; PHY906 days
1 through 4 and days 8 through 11 of each course. Patients
might remain on study beyond their initial two courses of treat-
ment until tumor progression or unacceptable toxicity mandated
their removal.

Drug 2

Generic/Working Name Xeloda

Trade Name Capecitabine

Company Name Roche

Dose 750 milligrams (mg) per squared meter (m2)

Route Oral (p.o.)

Schedule of Administration Patients were initially be treated for two 21-day courses with
PHY906 800 mg b.i.d. + capecitabine 750 mg/m2 b.i.d. according
to the following schedule: capecitabine 14 days on treatment
and 7 days off treatment and PHY906 days 1 through 4 and days
8 through 11 of each course. Patients might remain on study
beyond their initial two courses of treatment until tumor pro-
gression or unacceptable toxicity mandated their removal.

PATIENT CHARACTERISTICS

Number of Patients, Male 32

Number of Patients, Female 7

Stage Stage II: 1 (2.6%); stage IIIA: 14 (35.9%); stage IIIB: 3 (7.7%);
stage IIIC 4 (10.3%); stage IV 17 (43.6%)

Age Median (range): 54 (32–75) years

Number of Prior Systemic Therapies Median (range): 1 (0–3)

Performance Status: ECOG 0 — 0
1 — 39
2 — 0
3 — 0
Unknown — 0

Cancer Types or Histologic Subtypes Hepatocellular carcinoma: 39
Hepatocellular carcinoma + HBV: 27
Hepatocellular carcinoma + hepatitis C virus: 7
Hepatocellular carcinoma + HBV + hepatitis C virus: 5

PRIMARY ASSESSMENT METHOD

Title Response Assessment

Number of Patients Screened 45

Number of Patients Enrolled 39

Number of Patients Evaluable for Toxicity 39

Number of Patients Evaluated for Efficacy 39

Evaluation Method RECIST 1.0

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 0 (0%)
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Response Assessment SD n = 18 (46.2%)

Response Assessment PD n = 20 (51.3%)

Response Assessment OTHER n = 1 (2.6%)

(Median) Duration Assessments PFS 1.50 months; confidence interval: 95%

(Median) Duration Assessments OS 6.03 months

ADVERSE EVENTS

All Cycles

Name
NC/NA,
%

Grade
1, %

Grade
2, %

Grade
3, %

Grade
4, %

Grade
5, %

All
grades,
%

Diarrhea 49 38 10 3 0 0 51

Fatigue (asthenia, lethargy, malaise) 51 31 18 0 0 0 49

INR of prothrombin time 62 33 5 0 0 0 38

Bilirubin (hyperbilirubinemia) 56 5 26 10 3 0 44

Rash: hand-foot skin reaction 85 10 5 0 0 0 15

Insomnia 66 26 8 0 0 0 34

Hyperpigmentation 74 26 0 0 0 0 26

Anorexia 74 10 13 3 0 0 26

Distension/bloating, abdominal 71 5 21 3 0 0 29

Nausea 71 26 3 0 0 0 29

Edema: limb 74 18 8 0 0 0 26

Alkaline phosphatase 95 5 0 0 0 0 5

ALT, SGPT 66 21 5 8 0 0 34

AST, SGOT 51 5 18 18 8 0 49

Sodium, serum-low (hyponatremia) 76 13 0 8 3 0 24

Pain: abdomen NOS 49 23 18 10 0 0 51

Dyspnea (shortness of breath) 73 21 3 3 0 0 27

Platelets 71 21 5 0 3 0 29

Hemoglobin 46 23 28 3 0 0 54

Leukocytes (total WBC) 81 8 8 0 3 0 19

Lymphopenia 77 0 8 15 0 0 23

Neutrophils/granulocytes (ANC/AGC) 91 3 3 0 3 0 9

Abbreviations: AGC, atypical glandular cells; ALT, alanine aminotransferase; ANC, absolute neutrophil count; AST, aspartate aminotransferase;
INR, international normalized ratio; NC/NA, no change from baseline/no adverse event; NOS, not otherwise specified; SGPT, serum glutamic
pyruvic transaminase; SGOT, serum glutamic oxaloacetic transaminase; WBC, white blood cell.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Active and should be pursued further

Hepatocellular carcinoma (HCC) is a leading cause of
death from cancer worldwide. The median survival time of
patients with unresectable and recurrent HCC ranges from
3 to 7 months [1–3]. The etiology of the disease is multifac-
torial; hepatitis B virus (HBV) and C virus infections are
strongly linked to its development [4–8]. Over the last few
years, the number of cases of HCC has increased in the U.S.,
mainly because of hepatitis C virus infection. Worldwide,
55% of all HCC cases are reported from China, and more
than 60% of HCC cases are associated with HBV infection
[9–12]. In most instances, HCC is associated with a

background history of decompensated liver disease and cir-
rhosis. Usually patients with HCC present with advanced dis-
ease, whereby surgical resection and/or chemical embolism
is not feasible; treatment options for such patients are lim-
ited [13–16]. Inoperable HCC cases are mostly treated with
sorafenib as first-line treatment [17], and the efficacy of
sorafenib has been evaluated in two large multicenter, ran-
domized, double-blind, placebo-controlled phase III trials:
the Sorafenib HCC Assessment Randomized Protocol
(SHARP) trial and a phase III trial conducted in the Asia-
Pacific region [18, 19]. Both trials demonstrated that
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sorafenib enhanced median overall survival (mOS) and time
to tumor progression when compared with placebo. A non-
inferior alternative to sorafenib is lenvatinib, which received
FDA approval for the first-line treatment of unresectable
HCC in 2018 [20]. Capecitabine, an oral 5-fluorouracil
prodrug approved for the treatment of metastatic colorectal
and breast cancer, has been used off label to treat HCC and
showed modest activity before any anti-HCC drugs were
approved [21–25]. Studies also showed that capecitabine
plus bevacizumab, or capecitabine plus bevacizumab/
oxaliplatin in advanced HCC, were also effective and tolera-
ble [26, 27]. The most common side effects associated with
capecitabine are myelosuppression and skin toxicity, and
the most limiting side effect is severe gastrointestinal
(GI) toxicity. In contrast, common side effects associated
with sorafenib include abdominal pain, anorexia, diarrhea,
fatigue, hair loss, hand or foot skin reaction, nausea, rash or
superficial skin shedding, and weight loss in patients with
HCC [18, 19, 28, 29]. Among all side effects caused by
sorafenib, 55% of recipients report diarrhea [30, 31]. There-
fore, any agent that can alleviate the toxicity caused by HCC
therapeutics without compromising the antitumor efficacy
will provide an additive benefit. The FDA has approved sev-
eral immunotherapies for HCC, including atezolizumab plus
bevacizumab as first-line treatment and nivolumab or
pembrolizumab as second-line treatments.

Traditional Chinese medicine has been used to treat a vari-
ety of diseases for centuries, especially for GI symptoms like
nausea, vomiting, diarrhea, and abdominal spasms [32–34].
One traditional Chinese medicine formulation, PHY906 or YIV-
906, comprising a mixture of four herbs (Scutellaria baicalensis
Georgi, Glycyrrhiza uralensis Fisch., Paeonia lactiflora Pall., and
Ziziphus jujube Mill.), has been used for approximately
1,800 years for a variety of maladies, most notably severe gas-
trointestinal distress, for example, nausea, vomiting, diarrhea,
and abdominal spasms. It is prepared under current Good
Manufacturing Practice conditions and has been well charac-
terized by both chemical and biological fingerprints. Multiple
clinical batches of PHY906 have been documented to have
more than 90% consistency using integration of chemical and
biological fingerprints. Stability studies indicated that PHY906
capsules remained stable for at least 6 years at room
temperature.

Notably, PHY906/YIV-906 does not exhibit toxicities
with other agents used for HCC chemotherapy in preclini-
cal and clinical studies [34–46]. In fact, in nearly all cases,
the combination regimen was found to imply a better
therapeutic outcome than the historical efficacy of the
chemotherapeutic agent alone and did not exhibit toxic-
ities [35–45]. More importantly, quality of life scores did
not deteriorate significantly from baseline scores. For
example, the mechanism of action in reducing CPT-11–
induced diarrhea and intestinal damage involves inhibition
of several inflammatory processes, such as NF-κB, COX-2,
IL-6, iNOs, and promoting intestinal progenitor cell
repopulation [36, 37]. In addition, the mechanism of
enhancing antitumor agents are due to the activation of
innate and adaptive immunity in the tumor tissue micro-
environment [38, 40, 47, 48].

PHY906/capecitabine combination therapy resulted in
limited deleterious side effects. Previous data from a U.S.-
based phase I/II clinical trial involving PHY906/capecitabine
therapy revealed beneficial effects and reduced toxicities for
the Asian subpopulation with an mOS of 16.5 months and no
capecitabine-induced grade 3/4 GI toxicities in advanced
nonresectable patients (with HCC) with the PHY906 plus
capecitabine combination therapy from a phase I/II study of
PHY906 plus capecitabine in the U.S [49]. This study sought
to validate similar effects of reduced chemotherapy-induced
gastrointestinal toxicity and enhanced antitumor activity for
patient populations with HCC in Taiwan.

In the present study, capecitabine/PHY906 combination
therapy resulted in only a few grade 3 and 4 drug-related tox-
icities. In essence, this combination was well tolerated by
patients in both the current Taiwan and previous U.S. HCC
studies. The incidence of nausea and emesis was lower with
the PHY906/capecitabine combination than with the
capecitabine treatment alone. Moreover, only two patients
(5.13%) discontinued treatment in the current combination
because of adverse effects from capecitabine [18, 19, 23, 24].
Similar to the earlier trial in the U.S., toxicities were manage-
able with minimal grade 3 or 4 toxicities [48]. As in the previ-
ous U.S. trial, quality of life scores did not deteriorate
significantly from baseline scores during the combination ther-
apy of PHY906 and capecitabine. These observations concur
with previous studies involving irinotecan-based chemotherapy
in colorectal cancer, gemcitabine-refractory pancreatic cancer,
and chemoradiation therapy in rectal cancer [38,
40, 47, 48, 50].

Sorafenib has been standard for HCC treatment. Based
on results of the SHARP and Asia-Pacific phase III studies,
95% of patients were classified as Child-Pugh A and had no
previous treatment. The mOS of patients enrolled in the
SHARP and Asian studies was 10.7 and 6.5 months, respec-
tively, whereas that of placebo was 7.9 and 4.2 months,
respectively [18, 19]. The patients enrolled in the current
study had a poorer prognosis; 90% were previously treated
with chemotherapy or targeted therapy involving
chemoembolization or radiation, and > 60% had had two
prior treatments. The antitumor outcome (mOS, 6-month-
or 12-month survival rate) in our Taiwan study (n = 39) was
not as promising as that of U.S. study (n = 42). The combina-
tion regimen of PHY906 plus capecitabine was mainly used
as the first-line treatment in the U.S. study, whereas it was
mainly used as a second- or third-line treatment in the Tai-
wan study. Patients in the present Taiwan study were
heavily pretreated with various procedures or regimens,
including targeted therapies, chemotherapies, transarterial
chemoembolization/percutaneous ethanol injection, surgery,
radiation therapy, or a combination. The starting alpha-
fetoprotein (AFP) levels were relatively higher in Taiwan,
with 33.3% of patients having AFP higher than 12,000
ng/mL, compared with the counterpart U.S. study
(16.7%) [48].

In the Taiwan study, the PHY906/capecitabine combina-
tion increased the median overall survival time to 6 months,
whereas the average survival time was around 3 months for
patients with HCC whose previous treatments had failed.
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Patients who did not receive prior targeted therapy or che-
motherapy, or who had lower starting AFP level, had a better
clinical outcome. Because some of the patients did not finish
two courses of combination therapy, additional analysis was
done to compare the differences between patients who had
fewer than two cycles of treatment (n = 12) and patients
who completed at least two cycles of treatment (n = 27).
The mOS difference between these two groups of patients
was 1.8 and 8.4 months, respectively (p = .0084) (Fig. 1A).
Interestingly our data also indicated that HBV-positive eva-
luable patients (with two or more courses of combination
therapy) had an mOS of 8.4 months. In our previous
PHY906/capecitabine U.S. study, Asian patients (n = 10) had
an mOS of 16.5 months, relative to 6.7 months for the non-
Asian counterpart (n = 10). Notably, patients in the group
infected with HBV only (n = 9) did not reach 50% overall sur-
vival, whereas a median survival of 6.7 months was esti-
mated for others (n = 11). The results implied that
combination therapy might benefit Asian patients with HBV
infection. By combining Asian HBV-infected patients (with
HCC) who (a) did not receive prior systemic therapy and
(b) finished two or more cycles of combination treatment
from the U.S. and Taiwan trials, the mOS was 16.5 months
(Fig. 1B). These results support the notion that the PHY906/
capecitabine combination therapy may provide a survival
benefit with a tolerable safety profile in patients with
advanced HCC. Moreover, Asian patients with HBV seem to
have remarkable mOS in both previous and current HCC
studies. These results suggest that PHY906/capecitabine
combination therapy may provide a selective clinical advan-
tage for patients with HCC and HBV infection.

The mechanism underlying the function of PHY906 is
multifactorial and could involve inhibition of multidrug-
resistant protein and CYP450, which may facilitate the
uptake of chemotherapeutic drugs. Several pathways have
been implicated in the mechanism of PHY906. The inhibition
of tachykinin NK-1, opiate δ receptors, and acetylcholinester-
ase could be reasons for the reduction of gastrointestinal
toxicity [51]. Moreover, reports have shown that NF-κB and
matrix metalloproteases can be inhibited by PHY906. PHY606
may also affect the integrity of blood vessels and HIF-α and
Fos/Juk pathway. In mouse models, PHY906 was found to
increase the inflammation in the tumor microenvironment
through activation of M1 macrophages, resulting in tumor
rejection [44]. Some or all of these mechanisms could play a

critical role in PHY906 enhancement of antitumor properties
when combined with other chemotherapeutic agents.

Based on previous studies, the Chinese herb medicine
extract PHY906 is a formula that enhances antitumor activity
and reduces chemotherapy-induced gastrointestinal toxicity
in hepatocellular cancer. Results from this study also suggest
that PHY906 combination therapy could be an alternative to
currently available treatment options for HCC. Further larger
cohorts for phase II/III clinical studies involving PHY906 com-
bination therapy are warranted. For future consideration,
the trial design can be improved by using a double-blind,
randomized placebo control to reduce the potential bias.
Moreover, the inclusion criteria can be redefined on the
number of prior treatments to confirm whether PHY906
selectively benefits naïve patients with HCC or those receiv-
ing second, third, or multiple lines of treatment. The combi-
nation treatment options could also be redesigned and use
FDA-approved standard of care, such as sorafenib or
lenvatinib instead of capecitabine, in the trial. Therefore, an
ongoing study entitled “A Phase II Randomized Placebo-
Controlled Study Investigating the Combination of YIV-906
and Sorafenib (Nexavar) in HBV(+) Patients with Advanced
Hepatocellular Carcinoma” (ClinicalTrials.gov identifier:
NCT04000737) was designed to resolve the previously men-
tioned issues. We plan to conduct a phase III study to com-
bination therapy of PHY906 plus capecitabine as a third-line
therapy for Asian patients with HCC and HBV infection.
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