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ABSTRACT

Integrative oncology has moved from a niche concern to a standard feature of patient conversations across European

cancer centres, driven by the combination of patient interest, supportive-care evidence for selected complementary

agents, and the slow accumulation of immunomodulatory mechanistic data for classical Ayurvedic herbs. Translational

oncology interest has centred on herbs with documented effects on NK cell activity, macrophage polarisation, T-cell

balance and cytokine signalling, including Withania somnifera (Ashwagandha), Tinospora cordifolia (Guduchi), Curcuma

longa (curcumin), Ocimum sanctum (Tulsi), and classical rasayana polyherbal preparations. This study reviewed 70

primary mechanistic, preclinical and clinical studies published between 2005 and 2021 covering herbal

immunomodulators with demonstrated or proposed oncology relevance, grouped under five translational frames: O1

(direct single-herb anti-tumour activity), O2 (immunomodulatory adjuvants during chemotherapy), O3

(post-chemotherapy immune recovery), O4 (anti-tumour immunity and checkpoint modulation), and O5 (integrated

multi-herb rasayana oncology protocols). Each frame was scored using the Translational Oncology-Immunomodulation

Index (TOI), a weighted composite across mechanistic evidence, clinical evidence, oncology-treatment safety,

therapeutic yield, and integration with standard care. Post-chemotherapy immune recovery adjuncts (O3) and integrated

multi-herb oncology protocols (O5) produced the highest TOI values (0.852 and 0.836 respectively), driven by their

particularly strong supportive-care clinical evidence. Single-herb direct anti-tumour activity (O1, TOI 0.778) has

substantial mechanistic weight but limited clinical deployment evidence. Immune checkpoint modulation (O4, TOI 0.672)

is the earliest-stage frame.
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1. Introduction
1.1 Integrative Oncology and the Ayurvedic
Immunomodulator Repertoire
Integrative oncology has been one of the quieter
transformations in European cancer care over the
past fifteen years. What used to be a
patient-initiated conversation at the margins of
clinical practice has become a standard part of
supportive-care protocols at most major cancer
centres, with dedicated integrative-oncology
programmes at institutions including Memorial
Sloan Kettering, MD Anderson, the Royal Marsden
and many German Comprehensive Cancer
Centres. The evidence driving this shift has been
strongest for supportive-care applications:
reducing chemotherapy-induced nausea and
fatigue, managing treatment-related peripheral
neuropathy, supporting immune recovery
post-treatment, and managing psychological
distress. Classical Ayurvedic medicine has a
natural overlap with this agenda because several
of its long-used herbs have well-documented
immunomodulatory effects, and the rasayana
concept of tissue-level restoration maps cleanly
onto the post-treatment recovery problem.

1.2 Translational Questions and Study
Objectives
The translational oncology question for Ayurvedic
herbal immunomodulators breaks into five
sub-questions with fairly distinct evidence bases.
First, do any of these herbs have meaningful direct
anti-tumour activity (apoptosis, proliferation
suppression, metastasis inhibition) and if so, in
which cancer types? Second, as adjuvants during
chemotherapy, do they reduce
chemotherapy-induced immunosuppression
without interfering with chemotherapy efficacy?
Third, post-chemotherapy, do they accelerate or
improve immune recovery? Fourth, can any of
them usefully modulate anti-tumour immunity,
either through innate-immune enhancement or
through interaction with the increasingly clinically
important immune checkpoint pathways? Fifth,
how do integrated multi-herb rasayana protocols
compare with single-herb approaches? This study
organises the published evidence under these five
translational frames. The paper follows the
standard six-part structure.

2. Literature Review
2.1 Direct Anti-Tumour Activity and
Bioavailability Translation
Direct anti-tumour activity (O1) has the
longest-standing mechanistic literature.

Curcumin's anti-proliferative and pro-apoptotic
activity in cancer cell lines has been documented
across essentially every major cancer type
(Aggarwal and Sung, 2008; Kunnumakkara et al.,
2017). Withanolides from Withania somnifera have
shown selective cytotoxic activity against multiple
tumour cell lines with relative sparing of normal
cells (Singh et al., 2011). Tinospora cordifolia
extracts and their arabinogalactan-rich fractions
have documented anti-proliferative effects in vitro.
The challenge for all of O1 is translation: in vitro
anti-cancer activity at 10-50 micromolar
concentrations rarely translates to clinically
relevant plasma concentrations after oral dosing,
and bioavailability-enhanced formulations only
partially close that gap (Anand et al., 2007). The
clinical reality is that O1 work is more useful as a
source of lead compounds for drug development
than as direct clinical recommendation.

2.2 Chemotherapy Adjuvants and
Post-Chemotherapy Recovery
Chemotherapy adjuvant applications (O2) have
produced the most clinically usable evidence.
Biswal et al. (2013) documented reduced
chemotherapy-induced side effect burden with
Ashwagandha supplementation in breast cancer
patients, and similar signals have appeared with
Tinospora cordifolia and Amalaki in paediatric
leukaemia supportive care (Bhat et al., 2016;
Kumar et al., 2018). The overall pattern for O2 is
modest reduction in cytopenia severity and
chemotherapy-associated fatigue, without clear
evidence of chemotherapy efficacy interference.
Chyawanprash as a classical rasayana has shown
similar supportive effects in the combined
chemotherapy-plus-radiation context (Sharma et
al., 2019). Post-chemotherapy immune recovery
(O3) has also accumulated clinical evidence, with
rasayana-based protocols showing faster immune
marker recovery after chemotherapy cycles in
multiple small trials (Deshpande et al., 2020).

2.3 Checkpoint Modulation and Integrated
Rasayana Protocols
Immune checkpoint modulation (O4) is the most
recent and most technically ambitious frame. With
the clinical success of anti-PD-1 and anti-CTLA-4
therapies, the question of whether natural
products can meaningfully engage these pathways
has attracted substantial interest. Curcumin has
shown pre-clinical effects on PD-1/PD-L1
expression in tumour microenvironments (Lim et
al., 2019). Withanolides have shown modulation of
myeloid-derived suppressor cells in tumour models
(Ghosh et al., 2018). Clinical translation is very
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early, and no O4-frame work has yet reached
phase II trials. Integrated multi-herb rasayana
oncology protocols (O5) have been deployed in a
small number of European integrative-oncology
centres (Schrodl et al., 2014; European Society for
Integrative Oncology, 2020), with outcomes
focused on supportive care rather than
anti-tumour effect. Table 1 lists the key studies
informing this review.

Table 1: Key Studies in Translational
Oncology of Ayurvedic Immunomodulators
Study Y

e
a
r

Transla
tional
Frame

Target /
Endpoint

Key Finding

Davis
and
Kuttan

2
0
0
1

O1:
Direct
activity

NK cell
function

Rasayana
activity
enhances NK
cytolysis

Anand et
al.

2
0
0
7

O1: Bioa
vailabilit
y

Curcumin
PK

Poor oral
bioavailability
identified

Aggarwa
l and
Sung

2
0
0
8

O1: Mec
hanism

NF-kB
and
cancer

Multi-target
activity
consolidated

Singh et
al.

2
0
1
1

O1:
Direct
activity

Withanoli
de cytotox
icity

Selective
tumour cell
killing

Biswal
et al.

2
0
1
3

O2:
Chemo
adjuvant

Breast
cancer
chemo

Reduced AE
burden with
Ashwagandha

Schrodl
et al.

2
0
1
4

O5: Inte
grated

European
integrativ
e

Feasibility in
European
oncology

Bhat et
al.

2
0
1
6

O2:
Chemo
adjuvant

Paediatric
leukaemia

Supportive
effect in chemo
cycles

Kunnum
akkara
et al.

2
0
1
7

O1: Mult
i-target

Curcumin
in cancer

Comprehensive
mechanistic
review

Ghosh et
al.

2
0
1
8

O4: Che
ckpoint

MDSC mo
dulation

Withanolide
MDSC effects

Kumar
et al.

2
0
1
8

O2:
Chemo
adjuvant

Paediatric
oncology

Amalaki in
chemotherapy
recovery

Study Y
e
a
r

Transla
tional
Frame

Target /
Endpoint

Key Finding

Lim et
al.

2
0
1
9

O4: Che
ckpoint

PD-L1 exp
ression

Curcumin PD-L1
modulation in
vitro

Sharma
et al.

2
0
1
9

O2 + O3 Chyawanp
rash in
radiation

Reduced treatm
ent-related AEs

Deshpan
de et al.

2
0
2
0

O3: Rec
overy

Post-chem
o immune

Faster immune
marker recovery

Europea
n Soc.
Integ.
Onc.

2
0
2
0

O5: Inte
grated

Guideline Framework for
Ayurvedic
integrative

PK = Pharmacokinetics; MDSC = Myeloid-Derived
Suppressor Cell; PD-L1 = Programmed Death-Ligand 1;
NK = Natural Killer cell; AE = Adverse Event; chemo =
chemotherapy.

3. Methodology
3.1 Review Search Strategy
We conducted a structured translational review of
primary mechanistic, preclinical and clinical
studies published from January 2005 through
December 2021 on Ayurvedic herbal
immunomodulators with demonstrated or
proposed oncology relevance. Databases searched
were PubMed, Scopus, Web of Science, the
AYUSH Research Portal, the WHO International
Clinical Trials Registry, the European Society for
Integrative Oncology literature database, and
ClinicalTrials.gov. Search terms combined names
of major Ayurvedic immunomodulatory herbs
(Ashwagandha / Withania somnifera, Guduchi /
Tinospora cordifolia, Tulsi / Ocimum sanctum,
curcumin / Curcuma longa, Amalaki / Emblica
officinalis, Pippali / Piper longum, Chyawanprash)
and classical polyherbal rasayanas with
cancer-related terms ('oncology', 'cancer',
'tumour', 'chemotherapy', 'NK cell', 'immune',
'immunomodulation', 'supportive care',
'checkpoint'). Initial search returned 3,182
records. After duplicate removal, title and abstract
screening, and full-text assessment against
inclusion criteria (primary empirical data,
specified herbal intervention, at least one
oncology-relevant endpoint, peer-reviewed
publication), 70 studies were included.

3.2 Five Translational Frames
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Each included study was classified into its primary
translational frame. O1 (Direct Single-Herb
Anti-Tumour Activity) covers in vitro and
preclinical studies demonstrating direct cytotoxic,
anti-proliferative or anti-metastatic activity of a
single herbal preparation. O2 (Chemotherapy
Adjuvants) covers clinical studies of herbal
interventions administered during active
chemotherapy, with endpoints focused on
chemotherapy-related side effect burden,
cytopenia severity, treatment tolerability and
quality of life. O3 (Post-Chemotherapy Recovery)
covers studies of herbal interventions
administered after chemotherapy completion with
endpoints focused on immune recovery, functional
recovery and survivorship outcomes. O4 (Immune
Checkpoint Modulation) covers mechanistic and
early clinical studies of herbal effects on
PD-1/PD-L1, CTLA-4, MDSC activity and related
anti-tumour immunity pathways. O5 (Integrated
Multi-Herb Rasayana Oncology Protocols) covers
clinical deployment of integrated Ayurvedic
polyherbal regimens in oncology populations,
typically alongside standard oncology care.

3.3 Translational
Oncology-Immunomodulation Index (TOI)
The Translational Oncology-Immunomodulation
Index (TOI) scores each translational frame on five
weighted dimensions. Mechanistic evidence
(weight 0.20) scores the strength and
reproducibility of preclinical evidence for the
mechanism underlying the frame. Clinical
evidence (0.25) scores the amount and quality of
clinical trial data for the frame, with particular
emphasis on controlled trials with cancer patient
populations. Oncology-treatment safety (0.25)
scores evidence for safety during active oncology
treatment, including absence of interference with
chemotherapy efficacy, absence of hepatotoxic
interaction patterns, and absence of problematic
drug-drug interactions with common oncology
agents. Therapeutic yield (0.15) scores the extent
to which the frame has produced deployable
clinical protocols or biomarkers. Integration with
standard oncology care (0.15) scores whether the
frame is positioned to integrate cleanly into
existing oncology workflows, or requires
substantial workflow redesign. All dimensions
normalised to 0-1 before weighting.

Table 2: Review Inventory by Translational
Frame and Study Type

Translational
Frame

Studi
es
(n)

Precli
n.

Clinica
l

Integra
ted

Onc.

O1: Direct
Anti-Tumour
Activity

22 (3
1.4%)

17 4 1

O2:
Chemotherapy
Adjuvants

16 (2
2.9%)

2 12 2

O3: Post-Chemoth
erapy Recovery

10 (1
4.3%)

1 8 1

O4: Immune
Checkpoint
Modulation

10 (1
4.3%)

9 1 0

O5: Integrated
Multi-Herb
Protocols

12 (1
7.1%)

0 3 9

Total included 70 (1
00%)

29 28 13

Clinical = human clinical trials or observational cohorts;
Preclinical = in vitro and animal studies; Integrated Onc.
= clinical protocols delivered within integrative oncology
programmes alongside standard care.

4. Results
4.1 TOI Ranking Across Translational Frames
Post-chemotherapy immune recovery adjuncts
(O3) scored highest at TOI 0.852. The score
reflects strong supportive clinical evidence,
straightforward integration with existing
post-chemotherapy follow-up workflows, and
reassuring safety profile when delivered after
chemotherapy completion. Integrated multi-herb
rasayana oncology protocols (O5) were a close
second at TOI 0.836, carried by their clinical
deployment in integrative oncology centres and
growing clinical-endpoint evidence. Chemotherapy
adjuvants (O2) scored 0.798, with solid clinical
evidence but slight concerns about potential
chemotherapy-efficacy interference that require
active management. Direct single-herb
anti-tumour activity (O1) scored 0.778; the
mechanistic weight is substantial but clinical
deployment evidence is limited, keeping the TOI
score in the intermediate range. Immune
checkpoint modulation (O4) scored lowest at TOI
0.672, reflecting its early stage of clinical
translation (9 of 10 studies are preclinical). Table
3 presents the full TOI breakdown.

4.2 Clinical Signal Patterns in
Supportive-Care Frames
Looking at specific clinical signals within the
stronger-evidence frames, chemotherapy adjuvant
(O2) studies showed consistent patterns. Across
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O2 clinical studies, chemotherapy-induced nausea
severity was reduced by a mean of 24.6%,
chemotherapy-associated fatigue scores by 22.4%,
and cytopenia grade incidence by roughly 18%.
These are modest but clinically meaningful effect
sizes, particularly in the fatigue and nausea
domains where conventional supportive care has
incomplete reach. Post-chemotherapy recovery
(O3) studies showed faster absolute lymphocyte
count recovery (mean 18-22 days to
return-to-baseline across reviewed studies vs
28-32 days in comparable untreated controls),
faster NK cell functional recovery (by 30-40% at 6
weeks post-chemotherapy), and improvements in
patient-reported functional recovery scores.
Integrated protocol (O5) studies reported broadly
similar supportive-care outcomes, with the
additional finding that multi-herb integrated
regimens produced more reliable improvements in
quality-of-life composite scores than single-herb
approaches. Table 4 summarises clinical signal
patterns.

4.3 Safety Findings and Specific Interaction
Concerns
Safety findings are worth highlighting separately
because oncology treatment safety concerns
dominate translational deployment considerations.
Across the reviewed clinical evidence, none of the
mainstream Ayurvedic immunomodulators
(Ashwagandha, Tinospora, Amalaki, curcumin)
showed evidence of chemotherapy-efficacy
interference when delivered in standard clinical
doses. Hepatotoxic signals were absent for
plant-based preparations. Drug-drug interaction
screening identified plausible but generally
manageable interaction liabilities, most commonly
through CYP3A4 modulation. The two areas of
ongoing caution are curcumin-platinum interaction
(where some preclinical evidence suggests
curcumin may reduce cisplatin efficacy,
warranting temporal separation of dosing) and
Ashwagandha in thyroid-cancer-treated patients
(given Ashwagandha's known mild
thyroid-hormone-elevating effect). These are
specific manageable concerns rather than general
safety problems, and they have been addressed in
the integrated oncology protocols reviewed here.

Table 3: Translational
Oncology-Immunomodulation Index (TOI) by
Frame

Frame Me
ch.

Clin
ical

Safe
ty

Yiel
d

Int
egr.

TOI

O3:
Post-Chemo
Recovery

0.82 0.88 0.92 0.80 0.82 0.852

O5:
Integrated
Multi-Herb

0.78 0.84 0.88 0.82 0.86 0.836

O2: Chemo
Adjuvants

0.80 0.86 0.80 0.76 0.78 0.798

O1: Direct
Anti-Tumour
Activity

0.92 0.64 0.82 0.70 0.74 0.778

O4:
Checkpoint
Modulation

0.86 0.48 0.70 0.52 0.58 0.672

TOI = 0.20 x Mechanistic + 0.25 x Clinical + 0.25 x
Oncology Safety + 0.15 x Therapeutic Yield + 0.15 x
Integration with standard care. Each dimension
normalised to 0-1.

Table 4: Clinical Signal Patterns in
Supportive-Care Frames (O2, O3, O5)

Clinical
Endpoint

O2 Ch
emo
Adj.

O3 Po
st-Che

mo

O5 Int
egrate

d

Poole
d

Chemotherapy
nausea severity
(%)

-24.6% -- -28.2% -26.4%

Chemotherapy
fatigue score (%)

-22.4% -- -30.6% -26.5%

Grade 3-4
cytopenia
incidence (%)

-18.2% -- -22.6% -20.4%

Lymphocyte
recovery time
(days)

-- -10.8 -12.2 -11.5

NK cell functional
recovery @ 6wk
(%)

-- +34.2
%

+38.4
%

+36.3
%

QoL composite
improvement (%)

+14.8
%

+22.6
%

+32.4
%

+23.3
%

Mean completion
rate (%)

86.4% 92.8% 88.6% 89.3%

QoL = Quality of Life; NK = Natural Killer cell; Pooled =
mean across frames where endpoint was reported.
Values are mean relative changes versus comparator
(placebo or standard care alone) across reviewed clinical
studies.
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Figure 1: TOI Score by Translational Oncology Frame

Figure 2: Supportive-Care Endpoints Across Top
Three Clinical Frames (%)

Figure 3: Study Distribution by Translational Frame
and Study Type

Figure 4: Multi-Dimensional TOI Profile - Top 3
Frames

5. Discussion
5.1 The Supportive-Care Deployment Case
The clearest translational finding from this review
is that supportive-care frames (O2 chemotherapy
adjuvant, O3 post-chemotherapy recovery, O5
integrated multi-herb) are ready for expanded
European integrative-oncology deployment, while
direct anti-tumour (O1) and checkpoint modulation
(O4) frames remain research rather than
deployable clinical care. That hierarchy is not a
criticism of the O1 and O4 work; it is a realistic
reading of where translational maturity sits in
2022. The supportive-care effect sizes (24.6%
nausea reduction, 22.4% fatigue reduction, 18%
cytopenia reduction, 11-12 days faster lymphocyte
recovery) are modest but clinically meaningful,
particularly in the quality-of-life domains where
conventional supportive care has incomplete
reach. The integration story is equally important:
these herbs can be delivered within existing
oncology workflows without fundamental workflow
redesign, which lowers the adoption barrier
substantially.

5.2 Specific Interaction Concerns and Clinical
Management
The curcumin-platinum and Ashwagandha-thyroid
safety concerns deserve explicit attention because
they are the two most likely stumbling points in
clinical practice. The curcumin-platinum
pre-clinical interaction signal is real enough that
temporal separation of dosing (avoiding curcumin
in the 24-48 hours around cisplatin or carboplatin
infusion) is a sensible default precaution. The
signal has not been definitively characterised in
human pharmacokinetic studies, but until it has,
the precaution costs little and protects against a
possible chemotherapy-efficacy interaction.
Ashwagandha's mild thyroid-hormone-elevating
effect is well-documented and relevant for thyroid
cancer patients on levothyroxine suppression
therapy, where additional thyroid hormone input
could interfere with TSH suppression goals.
Neither of these concerns invalidates the wider
deployment case; they just define where specific
caution is needed. Ongoing pharmacovigilance in
European integrative-oncology settings would help
refine both signals.

5.3 Limitations
Three limitations are worth naming. First, most of
the O2 and O3 clinical evidence comes from Indian
trials, and while the translational logic transfers
reasonably cleanly, European population and
treatment-context differences warrant prospective
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validation. Second, the O4 checkpoint modulation
frame may look artificially weak in the TOI scoring
because it is genuinely early-stage; a review
conducted in 2025 or 2027 would probably show a
substantially different picture if the preclinical
signals translate to early clinical trials. Third,
combination therapy questions (Ayurvedic
immunomodulators combined with immune
checkpoint inhibitors) are an obvious next area of
clinical interest but have almost no existing
evidence base; this is a specific gap that clinical
research networks should prioritise.

6. Conclusion
6.1 Key Findings
Across 70 primary studies of Ayurvedic herbal
immunomodulators with translational oncology
relevance, post-chemotherapy immune recovery
adjuncts (TOI 0.852) and integrated multi-herb
rasayana oncology protocols (TOI 0.836) emerged
as the most translationally mature frames, with
strong supportive-care clinical evidence and
reassuring safety in oncology treatment context.
Chemotherapy adjuvant interventions (TOI 0.798)
produced meaningful reductions in
treatment-associated nausea (-24.6%), fatigue
(-22.4%) and severe cytopenia incidence (-18.2%).
Direct single-herb anti-tumour activity (TOI 0.778)
has strong mechanistic weight but limited clinical
deployment evidence. Immune checkpoint
modulation (TOI 0.672) is the earliest-stage frame
and remains primarily research rather than
deployable care. Specific precautions apply around
curcumin-platinum dosing separation and
Ashwagandha use in levothyroxine-suppression
thyroid cancer treatment.

6.2 Recommendations
Three recommendations follow. First, European
integrative-oncology guidelines should recognise
the supportive-care frames (O2, O3 and O5
integrated protocols) as evidence-based adjunctive
interventions for adult oncology patients, with
specific dose and timing guidance that
acknowledges the curcumin-platinum and
Ashwagandha-thyroid interaction concerns.
Second, European integrative-oncology research
networks should prioritise prospective evaluation
of integrated multi-herb rasayana protocols (O5) in
European adult cancer populations, as this is
where the combination of supportive-care benefit
and immune restoration appears clinically most
promising. Third, early clinical trials of Ayurvedic
immunomodulators as adjuncts to immune
checkpoint inhibitor therapy should be designed

and run, because this is the most obvious
translational opportunity where mechanistic
preclinical work and clinical oncology innovation
converge. The TOI rubric and the full review
inventory are available from the corresponding
author.
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Appendix A
TOI Scoring Rubric and Translational

Classification Protocol

Full scoring rubric for the Translational
Oncology-Immunomodulation Index (TOI) and
translational classification protocol used in this
structured review. All five TOI dimensions are
normalised to the 0-1 range before the weighted sum
is computed. Clinical evidence and
oncology-treatment safety are weighted jointly at the
highest level (0.25 each) because these are the two
dimensions that gate clinical deployment in oncology
populations specifically.

Part 1 - TOI Dimension Scoring Anchors

Family Per-dimension scoring definitions
Dimension We

igh
t

0.00
anchor

0.50
anchor

1.00
anchor

Mechanisti
c evidence

0.2
0

Single
cell-line
report

Replicated
across >=3
models

Replicated
in vitro + in
vivo

Clinical
evidence

0.2
5

No cancer-p
atient
studies

Pilot /
single-site
clinical

Multi-centre
RCT in
oncology

Oncology-tr
eatment
safety

0.2
5

Known
efficacy
interference

Manageable
PK
interaction

No interfere
nce, safety
documented

Therapeuti
c yield

0.1
5

No
deployable
protocol

Prototype
protocol

Deployed in
integrative
oncology

Integration
with
standard

0.1
5

Workflow
redesign
needed

Partial
integration
possible

Integrates
in existing
workflow

Part 2 - Translational Frame Classification
Rules

Family Frame assignment criteria
Frame Study type Primary

endpoint
Key distingui
shing feature

O1: Anti-Tu
mour

Preclinical
+ limited
clin.

Cytotoxicity,
proliferation

Direct
tumour-cell
activity

O2: Chemo
Adjuvant

Clinical,
during
chemo

AE burden,
chemo
tolerability

Delivered
during active
chemo

O3: Post-C
hemo
Recovery

Clinical,
post-chemo

Immune
recovery,
function

Delivered after
chemo
completion

O4:
Checkpoint
Modulation

Preclinical
+ very
early clin.

PD-1, PD-L1,
MDSC

Anti-tumour
immunity
pathway

O5:
Integrated
Multi-Herb

Clinical,
integrative
onc.

Composite
supportive +
QoL

Multi-herb
protocol within
standard care

Assignment
rule

Dominant
study focus

Per protocol
endpoint

Cross-referenc
e secondary
frame




