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21). Recently, we initiated a more comprehensive study of
the in vivo mechanisms of Fufang using a chemogenomic
approach (Figure 2). For example, using drug-induced
haploinsufficiency profiling in Saccharomyces cerevisiae (22),
functional information can be obtained from loss-of-function
assays to systematically investigate the cellular response to
either individual bioactive entities or combined subsets of
SBP. Heterozygous strains that show hypersensitivity to SBP
can reveal pathways and targets that respond to the drug,
thereby providing clues about its mode of action in a cellular
context. A previous compendium of cellular responses to
small molecules allows mechanisms of novel compounds to
be inferred on the basis of profile similarity to established
drugs (23).
Metabolomic methods have already proven useful in
characterizing SBP. In a rat model of acute myocardial
infarction (MI), numerous plasma and urinary biomarkers
involved in oxidative injury, dysfunction of energy and amino
acid metabolism, and inflammation have been identified
using partial least squares discriminant analysis plots (24,
25). SBP given orally before MI can significantly reverse
the changes in a number of these identified biomarkers—
including lactic acid, homocysteine, and prostaglandin
E2—nearly returning their levels to normal (25). Analysis of
the chemogenomic and metabolomic response signatures
of SBP and other Fufang can clarify their impact on broader
cellular processes and identify potential targets.

From complexity to simplicity—A new development
strategy for Fufang

As not all components in Fufang are active, a combination
of its active components may provide a simplified Fufang
that facilitates easier identification of therapeutic targets and
mechanisms of action. Early attempts to develop a simplified
formulation of SBP (Figure 1, molecules in bold) have shown
some promising results in rat models of MI (26), illustrating
the potential of integrating reductionist and systems biology
approaches in the development of Fufang. Ultimately, by
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conducting rigorous quality control and purification, and
removing extraneous compounds, such an approach would be
equally applicable to create a new generation of polypills for
other diseases.
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T

raditional Chinese medicine (TCM) has
been practiced for thousands of years. While
the historical usage of TCM is well documented,
it is not broadly accepted by mainstream
physicians who question the quality and consistency of TCM
products, the scientific basis for usage, and the lack of evidence-based clinical studies. Nonetheless, TCM formulas are
currently being used to relieve the side effects of nonhematological toxicities caused by chemotherapy, including diarrhea,
nausea, vomiting, and fatigue. We decided to further explore
the mechanisms of action of TCM in chemotherapy, laying the
groundwork for its potential use as an adjuvant treatment.
We selected several TCM formulas composed of common
herbs for the treatment of the abovementioned symptoms.
Considering their long history of usage, these formulas should
be relatively safe. Simple formulas consisting of a limited
number of herbs were used to facilitate quality control and
simplify analysis of the mechanisms of action. Among these
formulas, we found that Huang-Qin Tang could enhance the
therapeutic index of irinotecan, a chemotherapeutic agent for
the treatment of metastatic colon and rectal cancer. This fourherb formula (Glycyrrhiza uralensis Fisch, Paeonia lactiflora Pall,
Scutellaria baicalensis Georgi, and Ziziphus jujube Mill) has
been used to treat gastrointestinal disorders for approximately
1,800 years. The formula, named PHY906, was manufactured
using standard operation procedures and following current
good manufacturing practice standards.

Quality control for TCM

Since the sites of action and bioactive compounds found in
TCMs are not always known, it is not sufficient to rely on either
chemistry (1, 2) or biological analysis (3) alone for quality control (QC) purposes. We therefore developed Phytomics QC, an
analysis system that integrates both chemical and biological
data (from in vitro and in vivo studies) to assess the consistency
of TCM using a novel statistical methodology (4). Using this
system, we demonstrated that batches of PHY906 formulations
spanning over a decade had a Phytomics Similarity Index (PSI)
> 0.9 (1, perfectly identical; 0, no similarities). Interestingly,
commercial Huang-Qin Tang products had a wider PSI range
and showed inconsistent in vivo biological activity when
compared to PHY906.

Are all herbs in a TCM formula required?

Based on TCM principles, a formulation should have the
proper ratio of the “imperial” herb (the main ingredient), the
Materials that appear in this section were not reviewed or
assessed by Science Editorial staff, but have been evaluated by
an international editorial team consisting of experts in traditional
medicine research.

“ministerial” herb (ancillary to the imperial herb), the “assistant” herb (reduces side effects of the main herb), and
the “servant” herb (aids in harmonizing the other herbs) to
achieve the best therapeutic effect (5). By comparing formulations in which one herb has been removed, as well as single-herb preparations, a formulation for PHY906 was found
that achieved the optimal therapeutic effect in combination
with irinotecan (6). Different herbs appear to play different
roles in the enhancement of antitumor activity and in protection against weight loss and mortality (6). These findings
support the theory that each herb might play a specific role
in a TCM formulation and suggests that multiple targets, and
multiple active compounds for each target, are involved in
the PHY906’s action. TJ14, a seven-herb TCM formula, has the
potential to reduce diarrhea and oral mucositis due to chemotherapy (7–9). While TJ14 shares three herbs with PHY906,
it did not increase the therapeutic index of irinotecan in our
preliminary studies (unpublished data).

Scientific validation of TCM

In preclinical studies, PHY906 was found to reduce diarrhea and intestinal damage following irinotecan or irradiation
treatment by inhibiting multiple inflammatory processes and/
or by promoting intestinal recovery (10, 11). These preclinical
studies of PHY906 may help to explain why Huang-Qin Tang
is effective in treating diarrhea. Based on these findings, the
use of PHY906 in treating inflammatory bowel disease and
stimulating stem/progenitor cell growth is being explored.
Preclinical studies indicate that PHY906 could potentiate
the antitumor activity of a broad spectrum of anticancer
agents in vivo (12). PHY906 plus irinotecan may increase
tumor cell apoptosis associated with strong macrophage
infiltration and induce an acute inflammation in tumors (13).
Chemicals and metabolites of PHY906 varied based on the
particular tissue being studied, which could partly explain
why intestine and tumor tissue had different inflammation
responses to PHY906 (13).
Like PHY906, many other herbal formulas have been
reported to have multiple effects. TJ14 is thought to inhibit
multiple targets of the cyclooxygenase pathway through a
range of bioactive compounds (14). TJ48 improves patient
host-immunity and quality of life following chemotherapy
(15), and was shown to have anti-angiogenic activity in
tumors (16) as well as stimulating hematopoietic stem cell
proliferation (17).
TCM provides an opportunity to treat patients in a holistic
manner. The polychemical nature of TCMs allows them to
target multiple organs in which absorption and metabolism
could be quite different. Additionally, the in vivo impact of
PHY906 on RNA expression across different tissues (liver,
spleen, and tumor) was variable (13). A more detailed analysis
of the responses of different organs and tissues to herbal
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formulations could support the TCM theory that there may
be a preferential response in certain organs to certain herbs.
This work could lead to new applications for TCM.

Challenges of TCM clinical trials

Traditionally, TCM is prescribed as a decoction based on
the diagnosis of a practitioner and the individual patient’s
needs. It is therefore challenging to design randomized,
placebo-controlled, dose-escalation studies. Herbal formulas
have been administered in capsule form for many years, so
it made sense to initiate clinical studies using encapsulated
products. Phase 1/2 or phase 2 clinical trials in the United
States have suggested that an encapsulated form of PHY906
could have beneficial effects for cancer patients treated with
irinotecan or capecitabine for advanced colorectal cancer,
hepatocellular carcinoma, and pancreatic cancer (18–22).
Recently, clinical trials of PHY906 with irinotecan, sorafenib,
or radiation for colorectal cancer, liver cancer, or rectal
cancer have been initiated in the United States. They are
using a comprehensive systems biology approach to identify
predictive pharmacodynamics biomarkers associated
with PHY906 treatment, including immunocytokines,
metabolomic profiles, herbal metabolites, and circulating
tumor DNA. These results may aid in the identification of
active compounds and in stratifying patient populations prior
to treatment.
A number of herbal products are at various clinical development stages, including Dantonic (T89) (23), Selected
Vegetable and Herb Mix (NCT00246727), Rhodiola rosea
extract (NCT01098318), Fuzheng Huayu (NCT00854087), and
HMPL-004 (NCT01805791). Thus far, the U.S. Food and Drug
Administration (FDA) has approved only two highly purified
botanical drugs with defined polychemicals: Veregen Ointment, a green tea extract for the topical treatment of genital
warts, in 2006, and Fulyzaq (crofelemer), purified oligomeric
proanthocyanidin from Croton lechleri, for the treatment of
diarrhea in HIV patients, in 2012 (see page S32). FDA does not
provide specific quality control guidance for orally administrated herbal mixtures. However, they advise that multiple
batches of an herbal product go through phase 3 clinical trials
to demonstrate consistent efficacy. Although it is currently not
required that the active ingredient from the herbal mixture be
identified, it is anticipated that FDA will require information
from more in-depth studies in the future.
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In summary, although TCM formulas often vary, it is
possible to make consistent preparations, as exemplified
by PHY906. TCMs often have multiple sites of action and
the active compounds acting at each site may be different.
Systems biology and modern bioinformatics technologies
are needed to fully explore the value of TCM for future
medical applications.
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T

he management of cancer involves multiple disciplines, including surgery, chemotherapy, radiation therapy, targeted therapy, biological therapy, and systemic therapy. In spite
of scientific advances and the evidence-based
practice of these treatments, limitations in
their benefits still exist, resulting in the increasing use of complementary and alternative medicine (CAM)
by cancer patients and survivors (1). Numerous preclinical
and clinical studies of CAM have been documented over the
past decade (1, 2). Recent
surveys revealed that
the overall prevalence of
CAM use among cancer
patients in Germany and
Ireland was 77% (3) and
32.5% (4), respectively.
Other prospective and
multicenter studies in the
United States have shown
that CAM usage was reported in 52–54% of cancer patients (5, 6). One of
the modalities commonly
used in Chinese cancer patients is Chinese
herbal medicines (CHMs).
A similar proportion
(53%) of cancer patients
in southwestern China using CHMs was reported
(7). However, the potential benefits of CHMs as
a cancer therapy have
been less well studied.
This article aims to illustrate the potential role of
CHMs in cancer management and their adjuvant value in conventional cancer therapy.

Possible CHM targets in cancer management

Although various active antitumor compounds have
been isolated from CHMs (8), the therapeutic rationale for
the treatment of cancer using CHMs is not limited to only
cytotoxicity. Other therapeutic principles include boosting
the natural host immune response, improving quality of life,
and preventing relapse after surgery (8–10).

Materials that appear in this section were not reviewed or
assessed by Science Editorial staff, but have been evaluated by
an international editorial team consisting of experts in traditional
medicine research.
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In the last decade, scientists (including our research
group) have carried out a series of investigations using different experimental systems examining four possible targets
of CHM in cancer treatment, namely cytotoxicity (including
reversal of multidrug resistance), immunomodulation, antiangiogenesis, and antimetastasis (Table 1) (11–24).
Despite of the fact that hundreds of CHMs have been
used in clinics to treat cancer patients in China (25), only a
handful are undergoing clinical trials that meet international
quality standards (double-blinded and placebo-controlled).
One example is our own clinical trial demonstrating that oral
consumption of the Yunzhi-Danshen capsule was beneficial
in promoting immunological function after conventional

FIGURE 1. The value and future
development of Chinese herbal medicines
(CHM) in cancer management.

treatment of nasopharyngeal carcinoma patients (26). In the
United States, PHY906 (Huang Qin Tang) has recently passed
a phase 1 trial in colorectal cancer patients (27) and a phase 2
trial in pancreatic cancer patients (28). Furthermore, a Kampō
formula (TJ14, hangeshashinto) is undergoing a phase 2 trial
for gastric cancer patients in Japan (29).

Single mode of action vs. multitarget approach

An herb can serve as a CAM for the treatment of cancer
when it is used alone or in combination with other herbs.
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