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Abstract

Natural product (NP) use by patients alongside their conventional cancer therapies is ubiquitous.
This common, yet often hidden, practice can potentially contribute to significant patient harm, given
the narrow therapeutic window of most anticancer drugs. This review takes on this challenge
directly, moving past theoretical concerns to summarize current clinical evidence on interactions
between widely used NPs and modern cancer treatments, including chemotherapy, targeted therapy,
and immunotherapy. We break down the key pharmacokinetic (PK) mechanisms, such as the
disruption of cytochrome P450 enzymes, and the pharmacodynamic (PD) effects that can either help
or hinder treatment. By examining clinically important examples, we highlight how NPs can alter the
effectiveness of anticancer medications. Lack of reliable safety information for NPs along with
widespread use of these products by patient populations has the potential to impact clinical care and
patient outcomes significantly, frequently causing harm. We advocate for improved patient-provider
communication and additional evidence based research to address this gap in literature.

Keywords: natural products; herb-drug interactions; cancer; chemotherapy; targeted therapy;
immunotherapy; cytochrome P450

1. Introduction

1.1. Clinical Consideration in Concurrent Use

The use of natural products (NPs), from herbal medicines to dietary supplements, is a global
phenomenon among patients with cancer. Worldwide, an estimated 22% of oncology patients use
herbal medicines, with rates varying from 17-21% in North America and Europe to as high as 40% in
Africa [1]. Some studies report even higher use, with nearly half of patients (46%) in certain cohorts
regularly incorporating herbal products alongside their conventional cancer treatments [2]. The
reasons are deeply personal: patients hope to improve their quality of life, bolster their immune
system, manage symptoms, and ease the harsh side effects of treatment [3].

1.2. Perceived Safety of Natural Products and the Risk of Non-Disclosure

A pervasive and potentially dangerous myth fuels this trend: the belief that “natural”
automatically means “safe”. This assumption leads to a critical communication breakdown, as more
than half of all cancer patients do not tell their doctors or pharmacists about their NP use [3]. They
may feel it is irrelevant to their care, or they may fear that their providers will be dismissive or simply
lack the knowledge to offer guidance [4]. The result is that clinicians are often flying blind, completely
unaware of potent bioactive compounds being taken with prescribed therapies, introducing a hidden
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and unpredictable variable into patient care-non-disclosed supplements that can potentially impact
clinical care

1.3. A High Stakes Environment

Non-disclosed natural products can be especially dangerous in oncology. Most cancer drugs,
especially cytotoxic chemotherapies, operate within a thin therapeutic window where the line
between an effective dose and a toxic one is incredibly fine. In practice, even small shifts in drug
exposure can cause a treatment to fail or trigger life-threatening side effects that may limit its
usefulness in the future. When a patient’s undisclosed supplement use collides with this delicate
pharmacology, it creates a significant patient safety risk. What happens next? An adverse event or
poor response might be blamed on the drug or the disease, leading to misguided decisions like dose
reductions, treatment delays, or even stopping a life saving therapy all while the true culprit, an herb—
drug interaction, remains invisible.

1.4. From Uncertainty to Evidence-Based Guidance

For too long, the risks of these interactions have been dismissed as merely “theoretical,” with
systematic reviews noting a lack of direct clinical proof [5]. This scarcity of hard data creates a cycle
of uncertainty: clinicians hesitate to give firm advice, and patients turn to unreliable sources, further
widening the communication gap. Consequently, the true incidence of harm is almost certainly
underrecognized and underestimated. This review presents a summary of current evidence on
interactions between common NPs and today’s cancer therapies such as chemotherapy, targeted
drugs, and immunotherapy. We also explore underlying mechanisms and highlight examples.

2. Mechanism of Drug Interactions

Interactions between NPs and anticancer drugs frequently occur through predictable biological
pathways. They fall into two major categories: pharmacokinetic (PK) interactions, which change how
much of a drug is in the body, and pharmacodynamic (PD) interactions, which alter the drug’s effects.

2.1. Pharmacokinetic (PK) Interactions: Altering Drug Exposure

PK interactions influence the absorption, distribution, metabolism, and excretion (ADME) of
drugs, thereby altering their concentration in the body and at the site of action.

2.1.1. Altering Drug Metabolism

The most common and critical PK interactions involve the body’s primary detoxification system:
the cytochrome P450 (CYP) family of enzymes. These enzymes, located mostly in the liver and gut,
are responsible for breaking down over half of all chemotherapy agents and the majority of oral
targeted drugs [1]. NPs can interfere with them in two main ways.

Enzyme induction: Some NPs effectively step on the gas pedal of drug metabolism. St. John’s
wort (Hypericum perforatum) is the poster child for this effect. Its active compound, hyperforin,
activates a receptor that ramps up the production of the CYP3A4 enzyme, causing drugs to be cleared
from the body much faster. This can drop drug levels so low that the treatment becomes ineffective
[6].

Enzyme inhibition: Other NPs hit the brakes, slowing down drug metabolism. Grapefruit juice,
for instance, contains compounds that shut down CYP3A4 in the gut, which can cause oral drug
levels to skyrocket to toxic concentrations. Other well-known inhibitors include berberine (found in
goldenseal) and curcumin [1].

These interactions are a predictable consequence of evolution. CYP enzymes evolved to detoxify
foreign substances, including plant-based compounds. Because many NPs are natural substrates for
these enzymes, their interference with modern drugs is an inevitable result of sharing the same
biochemical pathways.
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2.1.2. Rerouting Drug Transport

Beyond metabolism, transport proteins act as cellular gatekeepers, controlling where drugs can
and cannot go. Efflux pumps like P-glycoprotein (P-gp) actively push drugs out of cells in the gut,
liver, and brain. St. John’s wort induces these pumps, further accelerating drug clearance, while other
NPs can inhibit them, leading to higher drug exposure and potential toxicity [1].

2.1.3. Effects on Phase II Metabolism

After initial processing (Phase I), drugs are tagged for removal by Phase II enzymes like UGTs.
These enzymes are crucial for detoxifying drugs like irinotecan. NPs that interfere with this final step
can also have a major impact on a drug's safety and efficacy [1].

2.2. Pharmacodynamic (PD) Interactions: Changing Drug’s Effects

PD interactions occur when an NP alters a drug's effect at the molecular level, without changing
its concentration. Clinicians often note that the challenge lies in distinguishing the rare but clinically
significant effects from theoretical or preclinical findings

Synergy: Some NPs can actually help anticancer drugs work better. For example, compounds in
ginseng can shut down the survival signals that cancer cells use to resist chemotherapy, making them
more vulnerable to drugs like 5-fluorouracil (5-FU) and cisplatin [7].

Antagonism: Conversely, some NPs may directly sabotage a drug's mechanism. A long-standing
concern is that high-dose antioxidant supplements could neutralize the reactive oxygen species (ROS)
that many chemotherapies and radiation need to kill cancer cells. A clinically proven example is the
green tea polyphenol EGCG, which binds directly to the cancer drug bortezomib and deactivates it
[8].

Toxicity protection: Not all interactions are bad. Some NPs can selectively protect healthy tissues
from treatment side effects. For instance, the Japanese Kampo medicine Hangeshashinto has been
shown in clinical studies to reduce chemotherapy-induced diarrhea and mouth sores. Similarly,
ginseng may help shield the heart and kidneys from chemotherapy damage [7].

Understanding the difference between PK and PD interactions is critical. A PK interaction that
changes drug levels could theoretically be managed with a dose adjustment. But a direct PD
antagonism, like EGCG neutralizing bortezomib, is an absolute conflict that cannot be fixed by
changing the dose, making it one of the most dangerous interactions in oncology.

Table 1. Key Pharmacodynamic Interactions of Natural Products in Oncology.

Proposed Molecular

Natural Product Anticancer Drug(s) Type of Interaction . Observed Outcome
Mechanism
Direct binding of
EGCG to the boronic ~ Neutralization of proteasome
Green Tea (EGCG)
9] Bortezomib Antagonistic acid group of inhibitory function, preventing
bortezomib, forming cancer cell death.
an inactive complex.
Neutralization of
Antioxidants (e.g., Radiation Therapy, o reactive oxygen ) o )
] o . Antagonistic . Potential reduction in the efficacy
High dose Vitamin Alkylating agents, species (ROS)
(Theoretical) of ROS dependent therapies.
C, Vitamin E) [10]  Platinum agents required for
cytotoxicity.
Inhibition of pro
survival pathways o .
. . Enhanced cytotoxicity against
Ginseng (Panax 5-Fluorouracil, o (e.g., NF-xB), ] T
. . . Synergistic ) . various cancer cell lines in
ginseng) [7] Cisplatin, Docetaxel induction of .
. preclinical models.
apoptosis,
chemosensitization.
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Protective effect on

intestinal mucosa, o .
) . Amelioration of 5-FU-induced
Curcumin (Curuma . . o reducing . . .
5-Fluorouracil Toxicity Mitigation . . gastrointestinal toxicity (e.g.,
longa) [11] inflammation and . .
o diarrhea, mucositis).
apoptosis in normal

cells.
Modulation of o .
. . . Reduced incidence and severity of
Hangeshashinto (T]- Irinotecan, . L inflammatory . .
o Toxicity Mitigation chemotherapy induced diarrhea
14) [3] Fluoropyrimidines pathways and gut .
. . and oral mucositis.
microbiota.

3. The Therapeutic Potential of Natural Products in Oncology

While it's crucial to focus on risk, it is equally important to recognize that NPs can also offer real
therapeutic benefits. A growing body of evidence shows they can help patients manage side effects,
potentially enhance conventional therapies, and in some cases, fight cancer directly [12]. This dual
potential for benefit and harm highlights the importance of conducting systematic, evidence based
research on these supplements.

3.1. Easing the Burden of Treatment

One of the most compelling roles for NPs in oncology is in supportive care is helping patients
cope with the debilitating side effects of treatment.

Ginger (Zingiber officinale): A trusted remedy for nausea, ginger has been validated in multiple
clinical trials for reducing chemotherapy-induced nausea and vomiting (CINV), with daily doses of
0.5-1.0 grams being most effective. [13]

Ginseng (Panax ginseng and Panax quinquefolius): Cancer-related fatigue can be relentless. A
major Phase III trial found that American ginseng (2,000 mg daily) significantly reduced fatigue in
patients undergoing active therapy [14]. Preclinical and early clinical data also suggest ginseng may
protect against chemotherapy induced cardiotoxicity [15].

Astragalus (Astragalus membranaceus): When combined with chemotherapy for non-small cell
lung cancer, astragalus injections have been linked to better quality of life and relief from fatigue and
nausea. [4]

Medicinal mushrooms: Species like Maitake (Grifola frondosa) are often used to lessen
chemotherapy side effects and improve appetite. [16]

3.2. Working in Synergy with Conventional Drugs

Beyond symptom relief, some NPs may act as allies to conventional drugs, boosting their
anticancer effects [17]. This can happen through complementary mechanisms for example, targeting
signaling pathways distinct from those affected by standard therapies [18]. Preclinical studies show
that ginseng can increase the cytotoxicity of 5-FU and cisplatin, and may even help overcome
multidrug resistance [7]. Similarly, curcumin has been shown to sensitize tumor cells to
chemotherapy while protecting normal tissues [11].

3.3. Legacy of Natural Product Drug Discovery

We cannot forget that natural products are the original source of many of our most important
cancer drugs. Paclitaxel (from the Pacific yew tree) and the vinca alkaloids (from the rosy periwinkle)
are cornerstone chemotherapies derived directly from nature[4,18]. Current research continues to
explore new NPs with direct anticancer potential:

Curcumin: Extensive preclinical studies suggest curcumin disrupts multiple signaling pathways
linked to cancer progression, including proliferation, angiogenesis, and metastasis [19].

Medicinal mushrooms: Compounds from mushrooms such as Turkey Tail (Trametes versicolor)
and Maitake (Grifola frondosa) have demonstrated immunomodulatory and direct antitumor activity
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PSK, a polysaccharide extract of Turkey Tail, is already an approved anticancer adjuvant in Japan,
where it has been shown to improve survival when added to standard therapies. [16]

4. Interactions with Conventional Chemotherapy

Cytotoxic chemotherapy is still a mainstay of cancer treatment, but its narrow therapeutic
window makes it highly susceptible to NP interactions. The evidence, however, is a patchwork of
rigorous trials, conflicting lab studies, and isolated case reports, making it difficult for clinicians to
offer clear advice.

4.1. St. John’s Wort (Hypericum perforatum)

St. John’s wort is the most well-documented and clinically significant herb-drug interaction in
oncology. By strongly inducing both the CYP3A4 enzyme and the P-gp transporter, it drastically
lowers the exposure of many anticancer drugs. A landmark trial showed that St. John's wort slashed
exposure to the active metabolite of irinotecan by 42%, a drop that directly correlated with a loss of
the drug's therapeutic effect [6,20]. Similar findings have been reported with docetaxel, where St.
John’s wort increased clearance and reduced plasma levels [21]. The evidence is so strong that the
concurrent use of St. John’s wort with chemotherapy is strictly contraindicated.

4.2. Curcumin (Curcuma longa)

Curcumin, the active compound in turmeric, has a much more complicated and contradictory
profile. Some lab studies raise concerns that it could interfere with chemotherapy prodrugs or
neutralize the ROS needed for certain drugs to work[22]. Yet other studies suggest it can make cancer
cells more sensitive to chemotherapy while protecting healthy tissues from side effects, like 5-FU-
induced gut toxicity [1]. Its metabolic effects are just as confusing, with reports of both inhibiting and
inducing various CYP enzymes. To our knowledge, no large randomized trial has provided definitive
answers, leaving clinicians reliant on case reports and small studies

4.3. Ginseng (Panax ginseng)

Ginseng has long been studied as both a supportive therapy and a potential risk. Lab research
shows it can boost the killing power of chemotherapy, overcome drug resistance, and reduce
toxicities like cardio and nephrotoxicities [7]. However, ginseng also inhibits several CYP enzymes,
and case reports are concerning. In one case, a ginseng-containing energy drink was linked to severe
liver toxicity in a patient who had tolerated the cancer drug imatinib for years. [23] This highlights
the unpredictable danger of interactions, especially from multi-ingredient commercial products.

4.4. Green Tea (Camellia sinensis) and Garlic (Allium sativum)

Green Tea: The main risk here is direct antagonism. Its major polyphenol, EGCG, binds to and
inactivates the proteasome inhibitor bortezomib. Green tea may also inhibit enzymes that process
drugs like irinotecan[24].

Garlic: The primary concern with garlic supplements is an increased risk of bleeding. Its
antiplatelet properties can worsen chemotherapy-induced low platelet counts or interact
dangerously with anticoagulants [25,26].

4.5. Other Notable Interactions

Other common herbs also demand caution. Echinacea has been linked to severe
thrombocytopenia in a patient on etoposide [27]. While black cohosh may protect cancer cells from
cisplatin [28]. Milk Thistle has shown mixed effects on drug metabolism and may increase tamoxifen
levels [29].
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Patients often use complex multi-herb formulas from traditional medicine or proprietary blends
whose ingredients are a mystery. The pharmacological consequences of these combinations are
almost entirely unstudied, representing a vast and uncharted territory of potential risk.

5. Interactions with Targeted Therapies

Oral targeted therapies, especially tyrosine kinase inhibitors (TKIs), have revolutionized cancer
care. But the very things that make them convenient—their oral administration and reliance on
specific metabolic pathways—also make them exceptionally vulnerable to NP interactions

5.1. Tyrosine Kinase Inhibitors (TKIs): A High Risk Class

Most TKIs, such as imatinib and erlotinib, are processed by the same duo: the CYP3A4 enzyme
and the P-gp efflux pump [30,31]. Unlike IV chemotherapy, which faces its first metabolic challenge
in the liver, oral TKIs are first exposed to these systems in the gut wall. This means that even NPs
that are poorly absorbed into the bloodstream can have a profound effect on drug levels right at the
site of absorption

CYP3A4 induction: The danger of combining TKIs with a strong inducer like St. John’s wort is
well-established. Clinical data show it increases the clearance of imatinib by 43%, causing a 30% drop
in drug exposure—a reduction that could easily lead to treatment failure and drug resistance [32].

CYP3A4 inhibition: On the flip side, inhibitors can cause drug levels to climb to dangerous
heights. Grapefruit juice, for instance, markedly increases the bioavailability of nilotinib and
sirolimus, raising the risk of toxicities such as myelosuppression or QTc prolongation [33]. Other
potent inhibitors including goldenseal (berberine) and Kava Kava pose similar risks and should be
strictly avoided by patients receiving TKIs [34,35].

5.2. The Paradox of Natural Kinase Inhibitors

To add another layer of complexity, many NPs naturally contain compounds that inhibit the
very same kinase pathways targeted by modern drugs. Flavonoids like quercetin and stilbenoids like
resveratrol are actively being researched for their own anticancer properties. This creates a paradox:
a compound that shows promise in a lab study could, when taken as an over-the-counter supplement,
directly interfere with a life-saving prescription TKI. This disconnect between research and clinical
safety can be deeply confusing for patients, making clear communication all the more critical. [36]

6. Interactions with Cancer Inmunotherapies

Immune checkpoint inhibitors (ICIs) are one of the newest pillars of cancer care, working not by
killing cancer cells directly but by unleashing the patient’s own immune system. Because of this
unique mechanism, NP interactions in this space are fundamentally different, they act on the immune
system itself and the tumor microenvironment (TME).

6.1. Modulating the PD-1/PD-L1 Axis

The success of ICIs hinges on the interaction between T-cells and tumor cells at the PD-1/PD-L1
checkpoint. Emerging lab data suggest that natural phytochemicals can influence this critical axis.

Potential synergy: Compounds like curcumin, resveratrol, and quercetin have been shown to
reduce the expression of PD-L1 on tumor cells [37]. In theory, this could release the “brakes” on the
immune system and help ICIs work better, potentially turning immunologically “cold” tumors into
“hot” ones that are more responsive to treatment.

Potential antagonism: However, the effects are not always positive. Other agents, and even
resveratrol in some studies, have been shown to increase PD-L1 expression, which could counteract
the benefit of ICIs. [37].
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6.2. The Gut Microbiome: A New Therapeutic Target

One of the most exciting discoveries in modern oncology is the profound role of the gut
microbiome in determining who responds to immunotherapy. This opens up an entirely new avenue
for NP interactions, as many natural products are potent modulators of gut bacteria. Preclinical
studies show that certain phytochemicals can foster the growth of beneficial bacteria, like
Akkermansia muciniphila, that are linked to better ICI outcomes [38]. This reframes the conversation
from simple risk avoidance to proactive "immune nutrition" where specific NPs or dietary plans
could one day be prescribed to prime a patient’s microbiome for a better response to immunotherapy

7. Clinical Management and Recommendations

Translating this complex and often incomplete evidence into practical clinical guidance is a
major challenge. The key is not to memorize every possible interaction, but to adopt a structured
approach built on communication, risk assessment, and shared decision-making.

7.1. Proactive Communication

The cornerstone of safe practice is proactive, non-judgmental communication. Since most
patients won’t volunteer this information, clinicians must take the lead and ask for the use of
supplements at every visit. This means building standardized questions about all supplement use —
herbs, vitamins, and minerals—into routine patient visits. The conversation must be framed with
empathy, acknowledging the patient’s desire to be an active participant in their care. This trust is the
foundation for the honest disclosure needed for any meaningful risk assessment.

7.2. Clinical Practice Guidelines and Reliable Resources

Oncologists are not expected to be herbalists, but they should know where to turn for reliable
information. Both the Society for Integrative Oncology (SIO) and the American Society of Clinical
Oncology (ASCO) have published clinical practice guidelines on this topic. These guidelines provide
a framework for recommending safe complementary therapies while discouraging those with known
risks. Point-of-care databases, like Memorial Sloan Kettering Cancer Center’s “About Herbs,” offer
quick, evidence based summaries to help assess risk in real time

7.3. Risk-Stratification Approach

A useful strategy is to stratify NPs based on their potential for harm, allowing for more nuanced
guidance than a simple “yes” or “no”. The table below offers a clinical risk-stratification framework
for common supplements. By focusing counseling on the highest-risk products while allowing for
shared decision-making on lower-risk ones, clinicians can protect patient safety while honoring their
autonomy.

Table 2. A Clinical Risk-5Stratification Framework for Common Natural Products in Oncology.

Natural Product Level of ConcernKey Interacting Drug Primary Mechanism(s) Managemen.t
Classes of Concern Recommendation
St. John's Wort Che@otherapy . . Avoid completely during
(Irinotecan, Potent induction of and for several weeks

H i High
pir foaii:;Tﬂ 6 Docetaxel), Targeted =~ CYP3A4 and P-gp  before/after systemic cancer

Therapy (TKIs) therapy.
Avoid completely with
Green Tea . . L .
) . Proteasome Inhibitors PD: Direct binding and bortezomib and other
Extract (high- High . . . . .
(Bortezomib) inactivation of the drug boronic acid-based
dose EGCG) [39] o
inhibitors.

Grapefruit
Juice[33]

Targeted Therapy PK: Potent inhibition of Avoid completely with oral

High
6 (many TKIs), some intestinal CYP3A4 CYP3A4 substrate drugs.
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Chemotherapy (e.g.,
Sirolimus)
Anticoagulants, Avoid supplements,
Garlic Antiplatelet agents, PD: Antiplatelet effects; especially before surgery or
(supplements) Moderate Chemotherapy PK: Moderate CYP  in patients with low platelet
[26] causing modulation counts. Culinary use is likely
thrombocytopenia safe.
. TKIs (Imatinib), PK Inhibition of Use. with cau’fion. Monitor
Ginseng (Panax . various CYP enzymes; liver function, blood
. Moderate Anticoagulants, . .
ginseng) [7] ) PD: Hypoglycemic and glucose, and coagulation
Hypoglycemic agents ;
antiplatelet effects parameters.
Chemoth
. emo erap)'f PK: Complex CYP Use with caution. Potential
Curcumin (Cyclophosphamide, ] . .
. modulation; PD: for antagonism with some
(supplements) Moderate Doxorubicin), o . .
. Antioxidant and agents. Evidence is
[40,41] Anticoagulants, . o
. antiplatelet effects conflicting.
Tamoxifen
. PK: Inhibition of Use with caution. Avoid
Echinacea Immunosuppressants, .
. CYP3A4; PD: with immunosuppressants.
(Echinacea Moderate Chemotherapy . . . .
. Immunostimulatory Potential to increase toxicity
purpurea) [21] (Etoposide)

effects of etoposide.

Generally safe at culinary

d f . Use high-
Ginger (Zingiber Anticoagulants (at ~ PD: Mild antiplatelet oses for hausea. Lse g

d 1 ts with
officinale) [42] high doses) effects 0se supplements wi

caution in patients on

anticoagulants.

7.4. Challenges in Pharmacovigilance

One of the greatest barriers to progress is the lack of systematic safety monitoring for dietary
supplements. Unlike prescription drugs, they are not subject to rigorous pre-market safety testing,
and post-market surveillance relies on a voluntary reporting system that is plagued by
underreporting. This perpetuates the evidence gap and makes it nearly impossible to detect anything
but the most severe interactions [43].

8. Conclusion and Future Perspectives

The intersection of natural products and cancer therapy is a complex and clinically urgent issue.
The evidence is clear: NPs are not benign substances but biologically active compounds capable of
causing profound interactions with anticancer drugs. While some, like St. John’s wort, should be
universally avoided, the reality for most products is a landscape of uncertainty, filled with conflicting
or preliminary data.

To our knowledge, no other area of oncology practice is as affected by this mix of widespread
patient use and sparse clinical data. We need well-designed clinical trials, but it's unrealistic to study
every product this way. We must therefore get smarter, using real-world data from electronic health
records and patient registries to find safety signals that smaller trials miss. Future computational tools
may also help us predict these interactions [44].

Ultimately, safeguarding patient safety requires a cultural shift in oncology care. Rather than
treating NP use as a hidden variable, it must become an open and integral part of clinical discussion.
Through proactive communication, evidence based guidance, and shared decision making, clinicians
and patients can work together to optimize therapeutic outcomes. By embracing rigorous science and
fostering transparency, the field can move from reactive risk management to proactive, evidence
informed care.
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