
1415

	 Palmitic Acid from Palm Oil and Cancer 
Metastasis: A Review

American Journal of
Biomedical Science & Research

www.biomedgrid.com

---------------------------------------------------------------------------------------------------------------------------------
Review Article Copyright© Loso Judijanto

ISSN: 2642-1747

Loso Judijanto*
IPOSS Jakarta, Indonesia

*Corresponding author: Loso Judijanto, IPOSS Jakarta, Indonesia.

To Cite This article: Loso Judijanto*, Palmitic Acid from Palm Oil and Cancer Metastasis: A Review. Am J Biomed Sci & Res. 2026 30(4) AJBSR.

MS.ID.003946, DOI: 10.34297/AJBSR.2026.30.003946

Received:  March 09, 2026;  Published:  March 18, 2026

This work is licensed under Creative Commons Attribution 4.0 License  AJBSR.MS.ID.003946.

Abstract

Palmitic acid is one of the most abundant saturated fatty acids in human diets and is naturally present in palm oil. Increasing attention has 
been directed toward its potential involvement in cancer progression, particularly metastasis, yet interpretations remain heterogeneous. This study 
systematically evaluates recent scientific evidence on the relationship between palmitic acid, within the dietary context of palm oil, and metastatic 
processes. The review aims to (i) Map the distribution and characteristics of experimental and clinical studies, (ii) Identify recurrent molecular and 
metabolic pathways associated with metastatic progression, and (iii) Clarify the extent to which current evidence supports biologically plausible 
associations without implying direct dietary causality. This research employed a Systematic Literature Review (SLR) design following PRISMA-guid-
ed procedures. Articles were retrieved from the Scopus database using structured keyword combinations, limited to publications from 2020-2025. 
After multistage screening, 31 peer-reviewed studies met predefined inclusion criteria. Data were extracted using a standardized form and analysed 
through thematic synthesis to identify dominant mechanistic patterns. Findings indicate consistent reporting of epithelial-mesenchymal transition 
modulation, CD36-mediated lipid uptake, activation of inflammatory signalling, and metabolic reprogramming under controlled experimental con-
ditions. However, no clinical study demonstrated a direct causal association between palm oil consumption and metastatic incidence. In conclusion, 
palmitic acid participates in metastasis-related biological pathways in model systems, yet translational evidence remains context-dependent. Future 
research should prioritize physiologically relevant exposure models, biomarker-based cohort studies, and integrative multi-omics approaches to 
enhance interpretative precision.
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Introduction
Cancer remains one of the leading causes of mortality world-

wide, with metastatic progression accounting for the majority of 
cancer-related deaths rather than primary tumour burden alone 
[1]. Despite significant advances in early detection, molecular di-
agnostics, targeted therapy, and immunomodulatory strategies, 
the transition from localized neoplasia to systemic dissemination 
remains the most critical determinant of patient prognosis [2]. Me-
tastasis is a complex, multistep biological process involving local 
invasion, intravasation, survival in circulation, extravasation, and 
colonization of distant organs, all of which are regulated by intri-
cate interactions between tumour cells, metabolic pathways, and 
the surrounding microenvironment [3]. Increasingly, cancer re 

 
search has shifted toward understanding how systemic metabolic 
factors including lipid metabolism contribute to tumour plasticity 
and metastatic competence.

Lipids are not merely structural membrane components but 
dynamic signalling molecules capable of modulating inflammation, 
energy production, membrane fluidity, and intracellular signalling 
cascades. Among various lipid classes, fatty acids have attracted 
particular attention due to their dual origin: endogenous synthesis 
through de novo lipogenesis and exogenous intake through dietary 
sources [4]. The metabolic reprogramming characteristic of malig-
nant cells frequently includes enhanced lipid synthesis and uptake, 
supporting membrane biogenesis, signalling platform formation, 
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and oxidative energy demands [5]. Within this context, saturated 
fatty acids have been investigated for their potential role in influ-
encing tumour behaviour, although their biological effects appear 
to be highly dependent on concentration, cellular phenotype, and 
metabolic context.

Palmitic acid (C16:0) is the most abundant saturated fatty acid 
in the human body and constitutes a central product of fatty acid 
synthase mediated lipogenesis. It is also present in a wide range 
of dietary sources, including animal-derived fats and plant-derived 
oils, among which palm oil represents one of the globally significant 
contributors. Palm oil, derived from the fruit of Elaeis guineensis, 
contains a balanced composition of saturated and unsaturated fatty 
acids, alongside naturally occurring micronutrients such as toco-
pherols and tocotrienols [6]. Given its widespread use in food sys-
tems and its economic relevance in multiple producing countries, 
palm oil has been the subject of nutritional and biomedical investi-
gations examining both metabolic and health-related implications. 
Within these discussions, palmitic acid often emerges as a focal 
compound due to its structural prominence in the oil’s fatty acid 
profile.

In oncology research, palmitic acid has been explored for its 
involvement in cellular proliferation, apoptosis regulation, mem-
brane remodelling, and signalling pathway modulation. More spe-
cifically, emerging studies suggest that palmitate exposure may in-
fluence processes associated with metastatic behaviour, including 
Epithelial Mesenchymal Transition (EMT), cytoskeletal rearrange-
ment, inflammatory activation, and metabolic adaptation [7]. EMT, 
a reversible biological program enabling epithelial cells to acquire 
mesenchymal characteristics, is widely recognized as a key step in 
enhancing migratory and invasive capacities. Several experimental 
models have reported alterations in EMT markers following modu-
lation of lipid availability, indicating a potential interface between 
fatty acid metabolism and metastatic signalling.

Beyond EMT, lipid uptake receptors such as CD36 and intracel-
lular lipid transport systems have been implicated in facilitating 
fatty acid driven metabolic reprogramming in aggressive tumour 
phenotypes. Enhanced fatty acid oxidation and lipid droplet for-
mation have been described in metastatic subpopulations, sug-
gesting that certain cancer cells may exploit lipid substrates to 
sustain energy-intensive dissemination processes. However, these 
findings are predominantly derived from controlled in vitro and in 
vivo experimental models using defined palmitate concentrations, 
and therefore require cautious interpretation when considered in 
relation to broader dietary exposures [8]. Distinguishing between 
cellular mechanistic insights and population-level dietary implica-
tions remains essential for maintaining analytical precision.

The scientific discourse surrounding dietary fats and cancer 
progression is often characterized by complexity rather than uni-
formity [9]. Human dietary patterns consist of composite nutrient 
matrices in which fatty acids interact with antioxidants, micronu-

trients, fibre, and total caloric intake, all of which influence meta-
bolic outcomes. Consequently, isolating the biological contribution 
of a single fatty acid without contextual consideration may lead to 
oversimplified interpretations. In the case of palm oil, its compo-
sitional profile includes not only palmitic acid but also oleic acid 
and bioactive compounds with documented antioxidant properties, 
which may modulate oxidative stress and inflammatory signalling 
pathways [10]. A balanced evaluation of palmitic acid in relation to 
metastasis, therefore, necessitates a structured synthesis of mecha-
nistic, translational, and clinical evidence.

While numerous individual studies have investigated palmitic 
acid in cancer models, the existing literature remains dispersed 
across molecular oncology, nutritional biochemistry, lipidomic, 
and metabolic research domains [11]. Some investigations empha-
size pro-migratory or pro-inflammatory signalling under specific 
experimental conditions, whereas others report neutral or con-
text-dependent outcomes influenced by dosage, metabolic state, or 
tumour heterogeneity. Furthermore, clinical-level data assessing 
dietary palm oil consumption and metastatic incidence are limited 
and often confounded by broader lifestyle variables [12]. This frag-
mentation underscores the need for a methodologically rigorous 
synthesis that integrates current findings without extending con-
clusions beyond the boundaries of available evidence.

Given these considerations, a Systematic Literature Review 
(SLR) approach provides an appropriate methodological frame-
work for consolidating contemporary research in a transparent 
and reproducible manner. By applying structured search strategies, 
predefined eligibility criteria, and thematic synthesis, an SLR ena-
bles comprehensive mapping of mechanistic patterns, experimen-
tal consistencies, and translational gaps across published studies. 
Importantly, the present work is based exclusively on secondary 
data retrieved from peer-reviewed literature and does not involve 
primary data collection, field observation, clinical experimenta-
tion, or focus group discussion. This methodological clarity ensures 
alignment with international standards for evidence-based review 
and maintains analytical objectivity.

The purpose of this review is to systematically evaluate and 
synthesize recent scientific evidence regarding the role of palmitic 
acid, particularly within the context of palm oil as a dietary source, 
in relation to cancer metastasis. Specifically, this review aims to 
(i) Map the distribution and characteristics of experimental and 
clinical studies investigating palmitic acid associated metastatic 
mechanisms, (ii) Identify recurrent molecular and metabolic path-
ways linked to metastatic progression, and (iii) Clarify the extent 
to which current evidence supports biologically plausible associa-
tions without implying direct dietary causality.

In alignment with these objectives, two research questions 
guide this review:

RQ1: What mechanistic pathways have been consistently re-
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ported in recent literature to link palmitic acid exposure with can-
cer metastatic processes?

RQ2: To what extent does current experimental and clinical evi-
dence support or limit the interpretation of palmitic acid from palm 
oil as a contributory factor in metastatic progression?

These questions structure the subsequent methodological syn-
thesis and analytical discussion, ensuring that conclusions are de-
rived from systematically evaluated evidence and presented within 
a scientifically neutral and context-sensitive framework.

Literature Review
This section synthesizes current scientific evidence on the re-

lationship between palmitic acid, lipid metabolic remodelling, and 
mechanisms associated with cancer metastasis. Within the frame-
work of this Systematic Literature Review, the literature is examined 
to clarify how palmitic acid, particularly in the context of palm oil as 
a dietary lipid matrix, interacts with molecular pathways implicat-
ed in metastatic plasticity. Emphasis is placed on mechanistic stud-
ies exploring lipid metabolism, epithelial mesenchymal transition, 
fatty acid transport systems, oxidative signalling, and metabolic ad-
aptation, while carefully distinguishing between endogenous lipid 
synthesis and exogenous exposure models. By integrating findings 
across cellular, molecular, and translational research domains, this 
review aims to provide a structured and balanced understanding of 
how palmitic acid may intersect with metastatic processes under 
defined experimental conditions, without extending beyond the 
boundaries of documented evidence.

Conceptual Framework: Lipid Metabolism and Metastat-
ic Plasticity

Cancer metastasis is widely recognized as a multistep biologi-
cal cascade that requires coordinated cellular plasticity, metabolic 
adaptation, and interactions with the tumour microenvironment 
[13]. Contemporary oncologic research increasingly emphasizes 
metabolic reprogramming as a hallmark that supports both tumour 
growth and dissemination [14]. Among metabolic pathways, lipid 
metabolism has gained attention for its roles in membrane biosyn-
thesis, signalling molecule production, redox balance, and energy 
supply under stress conditions.

Fatty acids function not only as structural components of phos-
pholipid bilayers but also as modulators of transcription factors, 
inflammatory mediators, and intracellular signalling cascades [15]. 
Alterations in fatty acid uptake, synthesis, and oxidation have been 
observed in aggressive tumour phenotypes, suggesting that lipid 
availability may influence invasive capacity and metastatic colo-
nization. These adaptations are frequently mediated through up-
regulation of Fatty Acid Synthase (FASN), Acetyl-CoA Carboxylase 
(ACC), and lipid transport proteins such as CD36. Consequently, un-
derstanding the role of specific fatty acids, including palmitic acid, 
requires contextualization within broader metabolic remodelling 
processes [16].

Importantly, current literature differentiates between endoge-
nous palmitate generated through de novo lipogenesis and exog-
enous palmitate derived from dietary sources. This distinction is 
critical in avoiding oversimplification of mechanistic findings ob-
tained under controlled experimental settings. Therefore, a sys-
tematic synthesis is necessary to clarify how palmitic acid exposure 
across various experimental contexts intersects with molecular 
pathways implicated in metastasis [17].

Biochemical Characteristics of Palmitic Acid and Its Met-
abolic Role

Palmitic acid (C16:0) is the primary saturated fatty acid syn-
thesized in mammalian cells. It serves as a precursor for elonga-
tion and desaturation reactions that generate longer-chain or un-
saturated fatty acids [18]. Within cellular metabolism, palmitate is 
incorporated into triglycerides, phospholipids, and sphingolipids, 
contributing to membrane structure and signalling lipid pools.

Palm oil, derived from Elaeis guineensis, contains palmitic acid 
as one of its principal fatty acids, alongside oleic acid and minor 
bioactive components such as tocotrienols [19]. From a nutrition-
al biochemistry perspective, palm oil represents a composite lipid 
matrix rather than a single-fatty-acid exposure model. Thus, evalu-
ating palmitic acid in isolation must be interpreted cautiously when 
translating findings to dietary contexts.

Experimental studies commonly utilize palmitate Bovine Se-
rum Albumin (BSA) conjugates at defined concentrations to assess 
cellular responses in vitro [20]. Concentrations employed in mech-
anistic experiments typically range from 100 to 500μM, allowing 
evaluation of signalling pathways associated with oxidative stress, 
inflammatory activation, or apoptosis. However, such concentra-
tions are controlled laboratory exposures and may not directly re-
flect physiological postprandial plasma levels. This methodological 
consideration is central to maintaining analytical neutrality and 
avoiding overextension of conclusions.

Palmitic Acid and Epithelial-Mesenchymal Transition 
(EMT)

Epithelial Mesenchymal Transition (EMT) is a reversible bi-
ological process enabling epithelial cells to acquire mesenchymal 
characteristics, thereby enhancing migratory and invasive poten-
tial [21]. Hallmark molecular changes include downregulation of 
E-cadherin and upregulation of N-cadherin, vimentin, and tran-
scription factors such as Snail and Twist.

Several in vitro studies have reported that palmitic acid expo-
sure may influence EMT marker expression in selected cancer cell 
lines [22]. Observed effects include modulation of TGF-β signalling 
pathways, activation of NF-κB, and changes in cytoskeletal organi-
zation. In breast and colorectal cancer models, altered expression 
of mesenchymal markers has been documented following lipid sup-
plementation under defined conditions.
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Nevertheless, the magnitude and direction of these effects ap-
pear context-dependent, varying according to cell type, exposure 
duration, and metabolic background [23]. Some studies indicate 
transient modulation without sustained phenotypic transforma-
tion, suggesting that palmitic acid may act as a metabolic modula-
tor rather than a direct driver of EMT. These nuances underscore 
the importance of interpreting EMT-related findings within specific 
experimental frameworks rather than extrapolating broadly.

Fatty Acid Transporters and Metastatic Competence

The role of fatty acid transport proteins, particularly CD36, has 
been highlighted in metastatic progression models. CD36 facilitates 
uptake of long-chain fatty acids, enabling tumour cells to access ex-
tracellular lipid substrates [24]. Experimental knockdown of CD36 
in certain models has been associated with reduced metastatic col-
onization, indicating a link between lipid uptake capacity and dis-
semination efficiency.

Palmitic acid has been included in experimental protocols 
evaluating CD36-mediated lipid utilization. In these settings, li-
pid availability appears to enhance oxidative metabolism and ATP 
production in subpopulations of tumour cells with high metastatic 
potential [25]. However, it is important to recognize that CD36 in-
teracts with multiple fatty acids and lipid classes, and therefore, its 
activation cannot be attributed exclusively to palmitate.

Moreover, lipid uptake mechanisms are influenced by system-
ic metabolic states, including obesity and insulin resistance, which 
introduce confounding variables in clinical interpretation. Current 
literature does not provide conclusive evidence isolating palm oil 
derived palmitic acid as an independent determinant of metastatic 
spread in human populations.

Oxidative Stress, Inflammation, and Signalling Pathways

Reactive Oxygen Species (ROS) and inflammatory signalling 
networks contribute significantly to tumour progression and met-
astatic niche formation [26]. Palmitic acid exposure has been re-
ported to modulate oxidative stress markers in certain cell-based 
experiments, potentially through mitochondrial β-oxidation and 
endoplasmic reticulum stress pathways.

Activation of NF-κB and MAPK pathways following lipid ex-
posure has been observed in selected mechanistic studies. These 
pathways regulate cytokine expression, adhesion molecules, and 
survival signals that may influence interactions with the tumour 
microenvironment. However, the extent to which these effects 
translate to in vivo metastatic behaviour remains under investiga-
tion [27].

Notably, palm oil contains antioxidant constituents such as to-
cotrienols, which have been investigated for their potential modu-
latory effects on oxidative balance. This compositional complexity 
reinforces the need to evaluate palm oil within its full biochemical 
matrix rather than focusing solely on a single fatty acid component.

Lipid Droplet Formation and Energy Adaptation

Metastatic cells often encounter metabolic stress during de-
tachment and circulation. Lipid droplets function as intracellular 
energy reservoirs, supporting survival under fluctuating nutrient 
conditions. Increased lipid droplet accumulation has been de-
scribed in aggressive cancer phenotypes with enhanced migratory 
capacity. Palmitic acid can contribute to triglyceride synthesis and 
lipid droplet formation in vitro. Enhanced fatty acid oxidation has 
also been observed in metastatic subclones, suggesting that lipid 
substrates may provide ATP during colonization of distant tissues 
[28].

Nonetheless, these findings primarily derive from controlled 
experimental systems and require careful contextual interpreta-
tion.

Clinical and Epidemiological Considerations

Translating mechanistic findings into population-level impli-
cations necessitates caution. Epidemiological studies examining 
dietary fat intake and cancer outcomes often assess total saturated 
fat consumption rather than isolated palmitic acid intake. Further-
more, dietary patterns encompass multiple macronutrients, life-
style factors, and genetic predispositions that complicate attribu-
tion analyses [29].

Current clinical evidence does not conclusively demonstrate a 
direct causal relationship between palm oil consumption and met-
astatic incidence. Variability in study design, follow-up duration, 
and dietary assessment methods contributes to heterogeneity in 
reported associations [30]. Consequently, systematic synthesis is 
essential to distinguish mechanistic plausibility from epidemiolog-
ical inference.

Synthesis of Evidence and Identified Gaps

Across experimental literature, recurring mechanistic themes 
include modulation of EMT markers, altered lipid uptake via CD36, 
oxidative stress signalling, and metabolic adaptation through fatty 
acid oxidation. These pathways converge on the broader concept 
that lipid availability may influence tumour cell plasticity under 
specific conditions.

However, several limitations persist. First, most mechanistic 
studies utilize supra-physiological lipid concentrations in vitro. 
Second, heterogeneity across cancer types limits generalizability. 
Third, direct evidence linking palm oil derived palmitic acid to met-
astatic outcomes in humans remains limited.

Therefore, while biologically plausible mechanisms exist, cur-
rent evidence supports a nuanced interpretation emphasizing met-
abolic context rather than deterministic conclusions. This balanced 
synthesis aligns with the methodological boundaries of a Systemat-
ic Literature Review and avoids speculative extrapolation beyond 
documented findings.
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The reviewed literature collectively indicates that palmitic acid 
participates in metabolic and signalling pathways relevant to met-
astatic biology, particularly by modulating EMT-related markers, 
fatty acid transport systems, oxidative signalling cascades, and li-
pid-based energy adaptation. Nevertheless, these effects are highly 
dependent on experimental conditions, tumour heterogeneity, and 
systemic metabolic context.

Importantly, palm oil, as a dietary source, is a complex lipid ma-
trix containing both saturated and unsaturated fatty acids and an-
tioxidant micronutrients. Current scientific evidence does not sup-
port simplistic or unilateral interpretations; rather, it underscores 
the importance of integrative evaluation grounded in mechanistic 
clarity and epidemiological prudence.

This literature synthesis provides a structured foundation for 
subsequent discussion, where mechanistic consistency, translation-
al gaps, and future research directions will be examined in greater 
depth within the analytical framework of this SLR.

Methodology
This study applies a PRISMA-guided Systematic Literature Re-

view to consolidate contemporary evidence concerning palmitic 

acid in the context of palm oil and its reported association with 
cancer metastasis. Growing attention toward lipid metabolism in 
oncology has stimulated extensive molecular and translational in-
vestigations examining how specific fatty acids influence tumour 
progression, cellular migration, and metastatic dissemination. 
Palmitic acid, a naturally occurring saturated fatty acid present 
both endogenously through de novo lipogenesis and exogenously 
through dietary sources such as palm oil, has been widely studied in 
experimental cancer models. However, findings remain dispersed 
across cellular biology, metabolic oncology, nutritional science, and 
tumour microenvironment research, resulting in fragmented in-
terpretations. A structured synthesis is therefore required to inte-
grate mechanistic observations, clarify thematic consistencies, and 
evaluate the extent to which current evidence supports biologically 
plausible links with metastatic behaviour. This review relies exclu-
sively on secondary data retrieved from Scopus-indexed peer-re-
viewed publications. It does not involve experimental intervention, 
field observation, or focus group discussion, thereby maintaining 
methodological transparency and compliance with international 
standards for evidence-based reviews. Interpretations are present-
ed within a scientifically neutral framework, particularly regarding 
palm oil as a dietary source of palmitic acid (Figure 1).

Figure 1: PRISMA-Guided Steps for the Systematic Literature Review.
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Figure 1 illustrates the PRISMA-based workflow adopted for 
the systematic selection of studies. The identification phase began 
with a Scopus database search using the primary keywords “pal-
mitic acid” AND “cancer,” which yielded 2,827 records. To improve 
thematic precision and ensure alignment with the specific focus 
on palm oil related contexts and metastatic processes, the search 
strategy was refined using a more targeted Boolean query: (“pal-
mitic acid” OR palmitate OR “hexadecanoic acid”) AND (“palm oil” 
OR “Elaeis guineensis” OR “palm oil fatty acids” OR “dietary fat”) 
AND (cancer OR tumour OR metastasis OR metastatic OR “cancer 
progression” OR “cell migration” OR “cell invasion”). This refine-
ment led to the exclusion of 2,621 publications that did not meet 
the defined conceptual scope, resulting in 206 records eligible for 
screening.

To ensure that the synthesis reflects recent scientific develop-
ments, the screening phase restricted publications to the period 
2020-2025. Application of this temporal filter removed 160 studies 
published outside the selected range, leaving 46 articles that met 
the publication-year criterion. An additional eligibility assessment 
was then conducted based on accessibility, retaining only articles 
categorized as open access or open archive to ensure full-text trans-
parency and reproducibility of analysis. Fifteen articles were ex-
cluded due to restricted access, resulting in a final set of 31 peer-re-
viewed studies.

All selected references were organized and managed in Mende-
ley Desktop to enable systematic documentation, citation control, 
and verification across all review stages. The full texts of the 31 in-
cluded studies were examined in detail, and relevant data were ex-
tracted, including study design, biological model, cancer type, met-
astatic endpoints, mechanistic pathways investigated, and reported 
associations with palmitic acid exposure or metabolic modulation. 
A qualitative thematic synthesis approach was employed due to 
heterogeneity in experimental conditions, outcome measures, and 
biological systems. By adhering strictly to PRISMA principles and 
limiting the analysis to verifiable secondary literature, this review 
provides a structured, methodologically accountable consolidation 
of current evidence on palmitic acid, palm oil context, and cancer 
metastasis within a balanced, scientifically grounded analytical 
framework.

Results
The systematic literature review conducted in this study ana-

lysed 31 peer-reviewed articles published between 2020 and 2025 
that fulfilled all predefined eligibility criteria. The corpus represents 
diverse experimental approaches, cancer models, and translational 
perspectives, forming a structured evidence base for examining the 
mechanistic and clinical dimensions of palmitic acid in relation to 
cancer metastasis. Through thematic synthesis, six major themes 
were identified, reflecting interrelated yet distinct domains of in-
vestigation: (1) Distribution of study designs and cancer models, 
(2) Modulation of Epithelial Mesenchymal Transition (EMT), (3) 
Regulation of lipid uptake and CD36-associated signalling, (4) In-

flammatory signalling and tumour microenvironment remodelling, 
(5) Metabolic reprogramming and lipidomic adaptation, and (6) 
Translational and clinical-level observations.

The distribution of themes across the 31 studies was as follows: 
EMT modulation appeared in 21 studies (67.7%), inflammatory 
and microenvironmental remodelling in 16 studies (51.6%), met-
abolic reprogramming and lipidomic shifts in 14 studies (45.2%), 
CD36-mediated lipid uptake and membrane remodelling in 13 
studies (41.9%), and translational or clinical-level investigations in 
4 studies (12.9%). The characterization of study designs and cancer 
models was reported descriptively in all included articles (100%) 
as part of methodological profiling.

The predominance of EMT-related investigations likely reflects 
the central role of EMT as a foundational biological process in met-
astatic dissemination and its accessibility as a measurable exper-
imental endpoint. EMT markers are widely used to quantify early 
metastatic potential, making them a primary focus in mechanistic 
lipid cancer research. Similarly, the high frequency of inflammatory 
and metabolic pathway analyses indicates strong scientific interest 
in understanding how lipid availability influences tumour plasticity 
and energetic adaptation. In contrast, translational and clinical-lev-
el evidence remains comparatively limited. This underrepresenta-
tion may be attributed to the methodological difficulty of isolating 
specific dietary fatty acids from broader metabolic, nutritional, 
and lifestyle variables in human populations. The relative scarcity 
of cohort-based and patient-derived investigations has important 
implications, as it constrains direct extrapolation of experimental 
findings to dietary interpretations or public health contexts.

Each thematic domain is elaborated below, integrating quanti-
tative findings and contextual interpretation derived strictly from 
secondary data extracted from the selected literature, without in-
corporation of primary experimentation or field-based data collec-
tion.

Distribution of Study Designs and Cancer Models

Of the 31 included studies, 18 (58.1%) employed in vitro cellu-
lar models, 9 (29.0%) utilized in vivo animal models, and 4 (12.9%) 
reported clinical or translational observational data derived from 
patient samples or cohort analyses [31]. Breast cancer represent-
ed the most frequently investigated tumour type (n = 9; 29.0%), 
followed by colorectal cancer (n = 6; 19.4%), oral squamous cell 
carcinoma (n = 5; 16.1%), prostate cancer (n = 4; 12.9%), hepato-
cellular carcinoma (n = 3; 9.7%), and other solid tumours including 
melanoma and pancreatic cancer (n = 4; 12.9%) [32].

Across in vitro experiments, palmitic acid concentrations 
ranged from 50 µM to 400 µM, with 150-200µM being the most 
commonly applied exposure level (reported in 11 studies; 61.1% 
of in vitro designs) [33]. Exposure duration ranged from 12 to 72 
hours, with 24-hour incubation being the most frequent (55.6%) 
[34]. In vivo models generally used dietary fat enrichment pro-
tocols with 10-20% palmitic acid enriched formulations for 4-12 
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weeks, depending on tumour implantation timelines [35,36].

No study directly equated palm oil consumption in human di-
etary patterns with metastatic incidence in a causal framework; 
rather, mechanistic cellular observations were emphasized. This 
distinction was consistently maintained across the dataset.

Modulation of Epithelial Mesenchymal Transition (EMT)

EMT-associated signalling emerged as the most recurrent 
mechanistic theme, reported in 21 of the 31 studies (67.7%). 
Quantitative findings demonstrated increased expression of mes-
enchymal markers, including vimentin (1.4- to 2.8- fold upregulat-
ed relative to control conditions) and N-cadherin (1.3- to 2.1-fold 
increases), following palmitic acid exposure in several breast and 
colorectal cancer cell lines [37]. Concurrently, E-cadherin expres-
sion was reduced by 20-55% in 9 studies, suggesting partial EMT 
induction under specific metabolic conditions [38].

Migration and invasion assays further supported these obser-
vations. Trans well invasion capacity increased by 30-75% in pal-
mitate-treated breast cancer cells compared to untreated controls 
in four independent studies [39]. Wound-healing assays indicated 
accelerated closure rates ranging from 18% to 40% over 24 hours 
in selected colorectal and oral carcinoma models [40]. However, 
three studies reported no statistically significant EMT activation at 
concentrations below 100μM, indicating a dose-dependent pattern 
rather than a uniform biological response [41].

Importantly, two investigations highlighted that co-treatment 
with antioxidant compounds or metabolic inhibitors attenuated 
EMT marker expression by approximately 25-45%, suggesting that 
downstream signalling pathways, rather than palmitic acid alone, 
may determine metastatic behaviour [42].

Lipid Uptake, CD36 Signalling, and Membrane Remodel-
ling

Thirteen studies (41.9%) identified CD36-mediated fatty acid 
uptake as a contributing factor in metastatic signalling. CD36 ex-
pression increased by 1.5- to 3.2-fold in high-metastatic subclones 
relative to low-metastatic counterparts in oral and breast cancer 
models [43]. Silencing CD36 reduced palmitate-induced invasion 
by approximately 40-60% in two independent datasets [44,45].

Lipidomic profiling conducted in five studies revealed mem-
brane phospholipid remodelling characterized by a 15-35% in-
crease in saturated phosphatidylcholine species following palmi-
tate exposure [46]. This remodelling was associated with altered 
membrane rigidity and lipid raft clustering, thereby facilitating 
enhanced receptor signalling in the EGFR and Src pathways, with 
phosphorylation levels rising by 1.6-fold to 2.4-fold compared to 
baseline [47].

Notably, three in vivo models reported that dietary fat enrich-
ment increased metastatic nodule counts by 20-45% in murine 
lung colonization assays; however, these effects were observed 
within high-fat experimental diets rather than isolated palm oil 

administration, underscoring the broader dietary context in which 
palmitic acid operates [48].

Inflammatory and Tumour Microenvironment Modula-
tion

Inflammatory signalling pathways were documented in 16 of 
the 31 studies (51.6%). Palmitate exposure was associated with in-
creased NF-κB activation (1.5-fold to 2.7-fold elevation in nuclear 
translocation markers) and upregulation of IL-6 and TNF-α tran-
scripts ranging from 30% to 110% above control levels in selected 
tumour cell lines [49].

Macrophage tumour co-culture experiments demonstrated 
that conditioned media from palmitate-treated cancer cells en-
hanced M2-like polarization markers by approximately 25-50% 
compared to untreated controls [50,51]. In murine xenograft mod-
els, increased stromal collagen deposition (measured by 18-33% 
higher hydroxyproline content) was observed under lipid-enriched 
dietary conditions, potentially contributing to extracellular matrix 
remodelling [52].

Despite these findings, four studies emphasized that inflamma-
tory activation was significantly attenuated when palmitic acid was 
administered within complex lipid mixtures containing antioxidant 
micronutrients, suggesting modulatory interactions within broader 
dietary matrices [53]. This observation reinforces the importance 
of contextual interpretation rather than isolated compound extrap-
olation.

Metabolic Reprogramming and Energetic Adaptation

Metabolic pathway analysis was reported in 14 studies (45.2%). 
Enhanced Fatty Acid Oxidation (FAO) rates were measured using 
Seahorse metabolic flux analysis, with oxygen consumption rates 
increasing by 12-38% following palmitate supplementation in met-
astatic sublines [54]. CPT1A expression, a key regulator of FAO, in-
creased by 1.4- to 2.0-fold across three breast cancer datasets [55].

Conversely, two colorectal cancer studies reported increased 
intracellular lipid droplet accumulation (up to 2.5-fold relative to 
baseline) without a proportional increase in migration, suggesting 
that lipid storage and metastatic capability may not always corre-
late directly [56]. Glucose uptake decreased modestly (8-15%) in 
FAO-dominant phenotypes, reflecting metabolic flexibility rather 
than uniform metabolic shift [57]. 

Importantly, no human cohort study within the included time-
frame demonstrated a statistically significant association between 
moderate dietary palm oil consumption and increased metastatic 
risk after adjustment for total caloric intake and body mass index 
[58]. These findings underscore the distinction between cellular 
mechanistic observations and population-level outcomes.

Translational and Clinical-Level Observations

Four translational studies analysed patient-derived tissue 
samples or clinical datasets. Elevated intratumorally expression of 
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lipid metabolism genes, including CD36 and SCD1, was observed 
in high-grade tumours; however, a direct association with palm oil 
derived palmitic acid was not established [59]. One cohort analysis 
involving more than 1,200 patients reported no statistically signif-
icant difference in metastatic incidence across dietary fat source 
categories when confounding variables were controlled for (p > 
0.05) [60].

Another study reported that plasma palmitate levels varied 
primarily according to endogenous metabolic status rather than to 
any single dietary component, suggesting multifactorial regulation 
[61]. Collectively, translational evidence indicates complexity and 
underscores the need for cautious interpretation when extending 
mechanistic findings to clinical contexts.

Across the 31 analysed studies, mechanistic evidence suggests 
that palmitic acid can influence metastasis-related pathways under 
defined experimental conditions, particularly through EMT mod-
ulation, CD36-associated lipid uptake, activation of inflammatory 
signalling, and metabolic reprogramming. Quantitative increases in 
migration ranged from 18% to 75%, depending on model and dos-
age, while gene expression shifts typically remained within 1.3- to 
3.0-fold.

However, dose dependency, metabolic context, tumour heter-
ogeneity, and dietary matrix composition consistently moderated 
observed effects. Importantly, no included human study established 
a direct causal relationship between palm oil consumption and 
metastatic progression. The compiled evidence, therefore, reflects 
biologically plausible mechanistic pathways rather than uniform or 
deterministic outcomes.

The SLR findings collectively demonstrate that palmitic acid 
participates in lipid-mediated signalling processes relevant to me-
tastasis biology, yet outcomes are shaped by concentration, cellular 
phenotype, and systemic metabolic environment. This structured 
synthesis consolidates current knowledge derived entirely from 
secondary Scopus-indexed literature. It provides an evidence-based 
platform for further investigation without extending conclusions 
beyond the boundaries of available data.

Discussion
This Systematic Literature Review (SLR) was designed to syn-

thesize mechanistic and translational evidence concerning the re-
lationship between palmitic acid, particularly within the composi-
tional context of palm oil, and cancer metastatic processes. Guided 
by the two research questions formulated in the Introduction, this 
discussion critically integrates findings from the 31 eligible studies 
identified through structured Scopus-based screening. The analysis 
remains confined to secondary data synthesis without the inclusion 
of primary experimentation, field observations, or focus group dis-
cussions, thereby maintaining methodological transparency and 
evidentiary boundaries.

Addressing RQ1: Mechanistic Pathways Linking Palmitic 
Acid to Metastatic Processes

EMT Modulation and Cytoskeletal Remodelling

A substantial proportion of in vitro studies reported alterations 
in EMT-related markers following palmitic acid exposure under 
defined laboratory conditions [62]. Changes commonly included 
modulation of E-cadherin expression, upregulation of mesenchy-
mal markers such as vimentin, and activation of transcription fac-
tors including Snail and Twist. These molecular events are recog-
nized contributors to enhanced migratory and invasive behaviour 
in malignant cells [63].

Mechanistically, palmitic acid has been associated with activa-
tion of the TGF-β and NF-κB signalling pathways, both of which are 
implicated in EMT induction [64]. However, the magnitude of these 
effects varied across cancer types and experimental systems. Some 
studies observed transient modulation of EMT markers without 
sustained phenotypic transformation, suggesting that palmitic acid 
may function as a contextual metabolic modulator rather than a di-
rect, universal EMT inducer [65].

Importantly, most EMT-related findings derive from controlled 
in vitro systems using palmitate. BSA conjugates at defined concen-
trations. Such conditions enable mechanistic clarity but may not 
fully replicate physiological metabolic complexity [66]. Therefore, 
while EMT modulation is among the most consistently reported 
mechanistic associations, its translational relevance depends on 
exposure context and tumour heterogeneity.

Fatty Acid Transport Systems and Metabolic Reprogram-
ming

Another frequently reported pathway involves lipid uptake and 
intracellular fatty acid utilization. CD36, a scavenger receptor facil-
itating long-chain fatty acid uptake, has been highlighted in several 
metastatic models. Elevated CD36 expression has been correlated 
with enhanced lipid uptake capacity and increased metastatic colo-
nization in selected experimental systems [67].

Palmitic acid has been incorporated into protocols examining 
CD36-mediated metabolic adaptation. In these contexts, enhanced 
fatty acid availability supported mitochondrial β-oxidation and 
ATP generation, particularly in subpopulations exhibiting meta-
static competence [68]. These findings align with broader evidence 
indicating that metastatic cells often display metabolic flexibility, 
allowing them to exploit lipid substrates during detachment and 
dissemination [69].

However, CD36 interacts with multiple lipid species, and its ac-
tivation cannot be attributed exclusively to palmitic acid. Moreover, 
upregulation of lipid transport systems is influenced by systemic 
metabolic states, including obesity and insulin resistance, which 
introduce confounding variables in interpreting isolated fatty acid 
effects. Consequently, while lipid transport and metabolic repro-
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gramming constitute consistent mechanistic themes, they reflect 
broader aspects of lipid biology rather than a single palmitate-spe-
cific mechanism.

Oxidative Stress and Inflammatory Signalling:

Reactive Oxygen Species (ROS) generation and inflammatory 
signalling cascades represent another domain recurrently associat-
ed with palmitic acid exposure [70]. Several cell-based experiments 
reported increased oxidative stress markers following palmitate 
treatment, potentially mediated through mitochondrial overload or 
endoplasmic reticulum stress responses.

Activation of NF-κB and MAPK pathways has also been ob-
served under certain conditions, linking palmitic acid exposure to 
pro-survival and pro-inflammatory signalling networks relevant to 
metastatic niche formation [71]. Such pathways regulate cytokine 
production, adhesion molecule expression, and resistance to apop-
tosis, all of which may influence tumour microenvironment inter-
actions.

Nevertheless, the extent of oxidative modulation appears 
dose-dependent and context-sensitive. Some studies report adap-
tive antioxidant responses rather than sustained oxidative damage, 
highlighting the complexity of redox regulation in cancer cells [72].

Therefore, oxidative and inflammatory signalling should be 
interpreted as part of dynamic metabolic interplay rather than as 
deterministic drivers of metastasis.

Lipid Droplet Formation and Energy Adaptation:

Metastatic dissemination exposes tumour cells to fluctuating 
nutrient and oxygen availability. Lipid droplets function as intra-
cellular reservoirs that support survival under metabolic stress. 
Increased lipid droplet accumulation has been documented in ag-
gressive cancer phenotypes with high migratory capacity.

Palmitic acid contributes to triglyceride synthesis and lipid 
droplet formation in vitro, potentially enhancing energy buffer-
ing capacity [73]. Enhanced fatty acid oxidation has similarly been 
observed in metastatic subclones, suggesting that lipid substrates 
may facilitate ATP generation during colonization of distant tissues.

However, these findings primarily derive from experimental 
systems designed to isolate metabolic pathways. Direct evidence 
linking dietary palmitic acid intake to lipid droplet mediated me-
tastasis in human populations remains limited [74]. Thus, while 
lipid-based energy adaptation is mechanistically plausible, its re-
al-world implications require cautious interpretation.

Collectively, the literature indicates that palmitic acid intersects 
with metastatic biology through multiple interconnected pathways: 
EMT modulation, lipid transport enhancement, oxidative signalling, 
and metabolic adaptation [75]. These mechanisms converge on the 
concept of metabolic plasticity, in which tumour cells adapt to envi-
ronmental stressors by using available lipid substrates.

However, the strength of evidence varies by cancer type and 
experimental design. The majority of mechanistic data originates 
from in vitro models with defined exposure concentrations, and in 
vivo confirmation remains comparatively limited. Therefore, RQ1 
can be answered by concluding that palmitic acid is repeatedly 
implicated in metabolic and signalling pathways relevant to me-
tastasis, yet these associations are context-dependent rather than 
universally causal.

Addressing RQ2: Translational and Clinical Interpreta-
tion

Distinction Between Endogenous and Exogenous Sources:

Palmitic acid is synthesized endogenously through de novo 
lipogenesis, even in the absence of dietary intake [76]. Elevated 
FASN activity in tumours can increase intracellular palmitate lev-
els independently of external sources. This distinction is critical, as 
mechanistic studies rarely differentiate between endogenous met-
abolic production and exogenous dietary exposure.

Therefore, attributing metastatic phenomena solely to dietary 
palmitic acid oversimplifies the biological reality of tumour lipid 
metabolism [77]. Current evidence does not isolate palm oil de-
rived palmitic acid as an independent determinant separate from 
endogenous synthesis pathways.

Physiological Relevance of Experimental Concentrations:

Most mechanistic studies utilize palmitate concentrations rang-
ing from 100-500µM in vitro. While these concentrations facilitate 
pathway elucidation, they may exceed typical postprandial plasma 
levels [78].

Furthermore, in dietary contexts, palmitic acid is consumed as 
part of a complex lipid matrix. Palm oil contains not only saturated 
fatty acids but also monounsaturated fatty acids and bioactive com-
pounds such as tocotrienols, which have been investigated for anti-
oxidant and signalling-modulatory properties. This compositional 
diversity complicates direct extrapolation from isolated palmitate 
exposure models.

Epidemiological Evidence and Clinical Data

Epidemiological studies assessing the relationship between 
dietary fat and cancer outcomes often measure total saturated fat 
intake rather than consumption of isolated palmitic acid [79]. As-
sociations reported in population-based research are frequently 
influenced by lifestyle, caloric intake, metabolic health status, and 
genetic background.

Importantly, no robust clinical evidence conclusively demon-
strates that palm oil consumption independently increases the in-
cidence of metastasis in humans [80]. Observational data remain 
heterogeneous, and causality cannot be inferred from available 
studies.
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Thus, while mechanistic data support biological plausibility 
under experimental conditions, current clinical evidence limits de-
finitive interpretation of palm oil derived palmitic acid as a direct 
contributory factor in metastatic progression.

The evidence base supports a nuanced conclusion. Mechanistic 
studies reveal pathways through which palmitic acid may influence 
metastatic-related signalling. However, translational limitations in-
cluding endogenous synthesis, supraphysiological exposure mod-
els, dietary complexity, and limited human data constrain direct 
causal interpretation [81].

Therefore, RQ2 can be answered by stating that current evi-
dence supports mechanistic plausibility but does not substantiate 
deterministic or isolated dietary causality regarding palm oil con-
sumption and metastasis.

Integrated Interpretation

When considered collectively, the 31 analysed studies reveal a 
pattern of metabolic adaptability in cancer cells in which lipid sub-
strates, including palmitic acid, may participate in signalling and 
energy metabolism relevant to metastasis. Yet, these findings re-
flect the broader biology of lipid metabolism rather than a singular 
effect attributable exclusively to palm oil.

The SLR approach enables differentiation between experimen-
tally demonstrated mechanisms and population-level interpre-
tation, preventing overgeneralization. This balanced perspective 
is essential in fields where nutritional components intersect with 
complex disease processes.

The implications of this review are twofold. Scientifically, it 
underscores the importance of integrating metabolic context into 
metastasis research, particularly in relation to lipid utilization and 
tumour plasticity. Clinically, it highlights the need for cautious in-
terpretation when translating in vitro findings into dietary recom-
mendations or public health messaging.

Future research should prioritize: (1) Physiologically relevant 
exposure models that approximate plasma lipid dynamics, (2) In 
vivo metastasis studies distinguishing endogenous lipid synthesis 
from dietary intake, (3) Prospective cohort studies evaluating spe-
cific fatty acid biomarkers rather than aggregated saturated fat in-
take, (4) Multi-omics approaches integrating lipidomics, transcrip-
tomics, and metabolic flux analysis to clarify context-dependent 
effects and (5) Investigation of whole-food lipid matrices, including 
palm oil, to account for compositional complexity and potential 
modulatory micronutrients.

In conclusion, this SLR demonstrates that palmitic acid partic-
ipates in mechanistic pathways relevant to metastatic biology un-
der defined experimental conditions. However, current evidence 
supports a context-dependent interpretation rather than a direct 
causal link between palm oil derived palmitic acid and metastatic 
progression in humans. Continued integrative research is required 
to refine translational clarity while maintaining scientific neutrality 

and methodological rigor.

Conclusion
This systematic literature review synthesizes recent peer-re-

viewed evidence on the relationship between palmitic acid in the 
compositional context of palm oil and metastatic processes in can-
cer. Based on a structured screening of Scopus-indexed publica-
tions (2020-2025), the findings provide a balanced, evidence-based 
interpretation of mechanistic plausibility and translational limita-
tions.

With respect to the first research question, the literature con-
sistently reports several interconnected mechanistic pathways 
through which palmitic acid may intersect with metastatic biology 
under defined experimental conditions. These pathways include 
modulation of Epithelial Mesenchymal Transition (EMT) related 
markers, activation of lipid transport systems such as CD36, en-
hancement of fatty acid oxidation and metabolic reprogramming, 
induction of oxidative and inflammatory signalling cascades, and 
promotion of lipid droplet formation associated with energy buff-
ering capacity. Collectively, these mechanisms converge on the 
concept of metabolic plasticity, whereby cancer cells adapt to envi-
ronmental and energetic stressors using available lipid substrates. 
Importantly, these mechanistic observations are largely derived 
from controlled in vitro systems and selected in vivo models, where 
palmitate exposure is experimentally defined and biologically iso-
lated. Therefore, the evidence supports mechanistic involvement 
in metastasis-related pathways, but within context-dependent and 
model-specific frameworks rather than as a universal metastatic 
trigger.

Regarding the second research question, current experimental 
and clinical evidence does not substantiate a direct or deterministic 
causal interpretation of palm oil derived palmitic acid as an inde-
pendent driver of metastatic progression in humans. Several crit-
ical considerations limit such extrapolation. First, palmitic acid is 
not solely a dietary component; it is also synthesized endogenously 
through de novo lipogenesis, particularly in metabolically active 
tumour cells. Second, experimental concentrations used in mech-
anistic studies may not fully reflect physiological exposure levels 
within complex dietary matrices. Third, epidemiological investiga-
tions generally assess total saturated fat intake rather than isolated 
palmitic acid derived specifically from palm oil, and observed asso-
ciations are frequently influenced by broader metabolic, lifestyle, 
and genetic factors. Consequently, while biological plausibility is 
supported at the cellular and molecular levels, translational cer-
tainty remains constrained by the multifactorial nature of cancer 
progression.

Importantly, the reviewed evidence situates palmitic acid with-
in the broader landscape of lipid metabolism rather than isolating it 
as a singular etiological agent. Cancer metastasis is a complex, mul-
tistep process governed by genetic alterations, tumour microenvi-
ronment interactions, immune modulation, and systemic metabolic 
conditions. Within this context, lipid availability including palmitic 
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acid appears to function as one component of an adaptive metabol-
ic network rather than as an autonomous determinant of metastat-
ic behaviour.

From a scientific perspective, this review highlights the need 
for physiologically relevant exposure models, improved differen-
tiation between endogenous lipid synthesis and dietary intake, 
and integrative multi-omics approaches capable of clarifying con-
text-specific effects. Prospective human studies incorporating vali-
dated fatty acid biomarkers would further strengthen translational 
interpretation. Additionally, investigation of whole-food lipid ma-
trices, including palm oil in its compositional entirety, is essential 
to ensure that conclusions reflect real-world dietary complexity 
rather than isolated fatty acid exposure.

In summary, the accumulated evidence indicates that palmitic 
acid participates in signalling and metabolic pathways associated 
with metastatic competence under controlled experimental condi-
tions. However, current data do not justify a definitive causal claim 
linking palm oil consumption to metastatic progression in humans. 
A context-sensitive and methodologically rigorous approach re-
mains necessary to refine understanding while maintaining scien-
tific neutrality and proportional interpretation.
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