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ABSTRACT 
Lymphedema is a chronic and often irreversible complication of cancer 
treatment, marked by persistent tissue swelling, fibrosis, and adipose 
deposition in the affected body region. Although several risk factors have 
been identified, predicting which patients will develop lymphedema 
remains a significant clinical challenge. Growing evidence links poor 
metabolic health and insulin resistance to increased susceptibility to 
lymphedema, while interventions that improve metabolic function, including 
glucagon-like peptide-1 (GLP-1) receptor agonists and diabetes 
medications, have shown symptom-reducing effects. Notably, the ketogenic 
diet (KD), known for reversing insulin resistance and enhancing metabolic 
health, has demonstrated promise in managing lymphedema. A KD may 
confer additional advantages through ketone exposure. This paper 
explores the hypothesis that proactively improving metabolic and 
lymphatic health, specifically through ketogenic dietary strategies, could 
offer a novel means of preventing lymphedema in individuals undergoing 
cancer treatment. By examining the metabolic underpinnings of 
lymphedema and the beneficial targets of ketone exposure, we advocate 
for a paradigm shift: from managing lymphedema as a secondary 
complication to preventing it through early ketogenic dietary intervention. 
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Introduction 
Lymphedema is a chronic, progressive condition marked 
by the pathological accumulation of protein-rich 
interstitial fluid, reactive fibrosis, and adipose tissue 
hypertrophy due to impaired lymphatic function. It may 
arise congenitally (primary lymphedema) or from 
secondary causes, such as a consequence of conventional 
treatments for cancer. While estimates vary due to 
inconsistent diagnostic criteria and reporting practices, 
recent analyses suggest that up to 250 million people 
globally are affected.1 
 
Although many individuals believe that they are following 
healthy habits long before a cancer diagnosis, current 
recommendations2 often overlook dietary quality and 
tend to inadvertently emphasize industrialized, high-
carbohydrate (CHO) eating patterns.  Heeding this 
mainstream advice may, in practice, elevate the risk of 
developing lymphedema after undergoing cancer 
treatment. A CHO-rich Western diet is strongly linked to 
poor metabolic health3 and recent studies have 
highlighted metabolic dysfunction, particularly insulin 
resistance and obesity, as a significant risk factor for 
post-treatment lymphedema.4 Given that only 6.8% of 
U.S. adults meet criteria for optimal metabolic health,5 
the potential impact of diet on lymphedema risk warrants 
urgent clinical and public health attention. 
 
When paired with a CHO-rich diet, the body's natural 
tendency to develop insulin resistance during periods of 
physiological or psychological stress, such as occurs with 
cancer diagnosis and treatment, can intensify markers of 
poor metabolic health. This may include the development 
of type 2 diabetes and unfavorable shifts in body 
composition, such as increased visceral fat and total 
adiposity. The combination of innate vulnerability, 
suboptimal dietary patterns, and the metabolic 
disruptions caused by standard cancer therapies creates 
a “perfect storm” that may significantly increase the risk 
of developing cancer treatment-related lymphedema 
(CTRL). Without targeted intervention to reverse insulin 
resistance and restore metabolic balance, an elevated 
lymphedema risk will persist long after cancer treatment 
has ended, compromising long-term lymphatic health. 
 
Encouragingly, interventions that target metabolic 
dysfunction, including GLP-1 receptor agonists and other 
insulin-sensitizing therapies, have shown benefits in 
reducing lymphedema symptoms.4,6 Among dietary 
approaches, the KD stands out for its effectiveness in 
improving metabolic parameters and reversing insulin 

resistance, both with and without weight loss.7,8 Beyond 
the well-established metabolic benefits of a KD, however, 
recent research suggests that ketone bodies themselves 
may confer therapeutic effects uniquely relevant to the 
prevention of CTRL.9  
 
Efforts to promote ketogenic strategies in oncology can 
be hindered by provider concerns regarding patient 
burden, dietary safety, and limited familiarity with 
emerging evidence, all factors that may inadvertently 
restrict patient access to a potentially beneficial 
intervention. In this paper, we present both a plausible 
mechanistic rationale for the therapeutic effects of a KD 
and evidence supporting its safety and efficacy in 
individuals affected by cancer. 
 

Pathophysiological processes of cancer 
treatment-related lymphedema 
A common form of secondary lymphedema arises after 
cancer treatment, initiated by injury to lymphatic vessels 
or lymph nodes during surgery (e.g., axillary lymph node 
dissection) and/or radiation therapy. Yet lymphatic injury 
alone is insufficient to explain why some patients develop 
lymphedema while others receiving identical treatments 
do not. Moreover, symptom onset may be delayed for 
months or even years after the initial intervention,10,11 
indicating that additional factors contributing to 
lymphedema pathogenesis emerge over time. We 
propose that, although lymphedema has traditionally 
been viewed as a purely mechanical consequence of 
cancer therapies, metabolic dysfunction may represent a 
primary and previously underappreciated driver. 
 
To clarify the biological mechanisms of lymphedema and 
support our prevention hypothesis, we use the analogy of 
a house representing the human body to contrast 
effective repair and resolution after lymphatic injury with 
the disrepair and dysfunction that result in lymphedema. 
In a healthy model of lymphatic repair, where a strong 
underpinning of metabolic health exists, the body is like 
a well-maintained house with a solid foundation. Imagine 
that a single stairway collapses due to a localized 
incident, representing the initial lymphatic injury from 
cancer surgery and/or radiation treatment. Promptly, the 
repair crew (the body's adaptive response) arrives via 
the lymphatics, focusing on clearing debris (edema and 
metabolic waste), reinforcing the structure with quality 
materials (functional lymphatic vessel regrowth), and 
quickly restoring full usability. The house's solid 
foundation of optimal metabolic health ensures the 
repairs hold without complications. See Figure 1. 
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Figure 1. In a healthy metabolic environment, lymphatic damage due to surgery/radiation initially produces acute 
edema, hypoxia, and inflammation that activate lymphangiogenic signaling. Effective lymphangiogenesis leads to the 
resolution of these changes, allowing the lymphatic vasculature and surrounding tissues to restore normal function. 
 
The complex cellular events that transform lymphatic 
injury into a chronic lymphedema in the unhealthy model 
begin in a house with deep, pre-existing structural flaws, 
such as a caved-in roof from years of neglect (metabolic 
dysfunction, such as insulin resistance, hyperglycemia, and 
chronic low-grade inflammation). When the stairway 
collapses, the already overwhelmed crew is unable to 
properly prioritize repair of this damage and instead 
uses haphazard, mismatched materials (non-functional 
lymph vessel growth) in a rushed repair attempt. This is 
partially due to a lack of necessary downtime needed to 
focus on the complete repair of damage caused by 
contradictory signals from chronic inflammation and poor 
underlying health. Haphazard fixes warp and fail over 

time, attracting maladaptive and unhealthy responses 
(chronic hypoxia, elevated oxidative stress, and 
excessive inflammation) that cause the stairs to bulge and 
crack further (eg, vulnerability due to repeated localized 
tissue infection). The blocked-off, unusable stairway leads 
to deterioration in the surrounding areas of the house 
(persistent lymph stasis and tissue remodeling, such as 
fibrosis and adipogenesis). What could have been a 
quick, targeted repair spirals into an irreparable section 
of the house (chronic lymphedema), as the foundational 
problems corrupt every effort, turning adaptive 
responses into a vicious cycle of escalating damage. See 
Figure 2. 

 
Figure 2. Lymphatic damage in the presence of metabolic dysfunction triggers chronic inflammation, persistent hypoxia, 
and oxidative stress that suppresses lymphangiogenesis. Ongoing edema drives maladaptive remodeling (fibrosis and 
adipogenesis), which amplifies tissue and lymphatic dysfunction, leading to lymphedema. 
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Risk factors 
While not all individuals undergoing cancer treatment will 
develop lymphedema, the profound impact of the 
disease on quality of life has made the identification of 
risk determinants a critical focus of research. Current 
evidence indicates that CTRL arises from direct trauma to 
the lymphatic system secondary to oncologic therapies 
that are compounded by patient-specific vulnerabilities. 
Treatment-related risk factors include the extent of 
surgical intervention, the number of lymph nodes excised, 
administration of radiation therapy, certain 
chemotherapy regimens, advanced tumor stage, tumor-
induced lymphatic obstruction, and postoperative 
complications such as infection and seroma formation.15–

17 Although some cancers, such as those often treated by 
chemotherapy alone (eg, lymphoma and leukemia), are 
much less likely to pose a lymphedema risk than others, 
the risk is not entirely absent.18,19 
 
Nontreatment-related factors associated with an 
elevated risk of CTRL include lower socioeconomic status 
and advanced age.20 Additional factors that may be 
modifiable include physical inactivity and comorbid 
conditions such as obesity, hypertension, vascular disease, 
metabolic syndrome, and insulin resistance.16,21 
Specifically, chronic hyperglycemia and insulin resistance 
can cause lymphatic dysfunction and thus can be a 
significant contributor to the onset of lymphedema.22–24  
 

Conventional treatments for cancer 
treatment-related lymphedema 
Current lymphedema treatments remain largely 
palliative, focusing on symptom control rather than 
disease modification or prevention.25 In the context of our 
metaphor, conventional treatments are like managing the 
symptoms of a house in disrepair. They can patch leaks 
and shore up collapsing sections, but they don't address 
the foundational problems that exacerbated the damage 
in the first place. The focus is on reactive symptom 
management rather than proactive, structural repair. 
 
Once diagnosed, the patient undergoes a treatment 
protocol that may include specialized manual techniques, 
skin care, compression therapy, and exercise.26 Surgical 
options can also be considered, including liposuction to 
remove excess adipose deposits and microsurgery to 
improve lymphatic drainage from the affected region.27 
A procedure known as immediate lymphatic 
reconstruction can significantly reduce the occurrence 
rate, but 9.5% of non-obese patients still experienced 
lymphedema in one study.28 The patient is cautioned that 
although lymphedema can be managed, it is generally 
irreversible and will be a chronic, life-long condition. 
 
Frequent infections in the unhealthy model can have 
serious consequences for individuals with CTRL, often 
exacerbating the condition and leading to a cycle of 
worsening lymphatic dysfunction. Recurrent infections can 
directly damage lymphatic endothelial cells, impairing 
their structure and function. Each episode of infection 
increases fibrosis and inflammation within the tissue, 
further contributing to lymphatic failure and increased 
tissue damage.12 The impact on immune functions is 
severe, as the lymphatic system becomes less efficient at 

trafficking immune cells and clearing pathogens due to 
sustained reduction in lymphatic vessel contractions post-
infection.13 Additionally, the increased load of stagnant 
fluid in the affected body area creates a favorable 
environment for bacterial growth, which increases 
susceptibility to future infections.14 Frequent infections 
and often repeated courses of antibiotics, with severe 
cases resulting in hospitalizations, can increase the burden 
of the disease and negatively impact quality of life. 
 
Managing lymphedema often requires time-consuming 
daily self-care, costly treatments and equipment, and 
carries the risk of hospitalization due to serious infections 
and other complications. This ongoing struggle, often with 
no guarantee of improvement, can lead to significant 
emotional distress, including shame, embarrassment, 
social isolation, depression, anxiety, anger, and profound 
fatigue.29,30 For many, particularly cancer survivors, 
lymphedema becomes a chronic, painful, and disfiguring 
reminder of their treatment experience. Despite its 
impact, the emotional toll of lymphedema remains poorly 
understood by many clinicians. 
 
The psychological burden is frequently underestimated in 
both clinical and research settings, yet it represents a 
critical component of patient well-being. Everyday 
occurrences, such as insect bites, minor injuries, or sunburn, 
can trigger medical emergencies, fostering a persistent 
sense of vulnerability and fear. This ongoing uncertainty 
contributes to frustration, despair, and emotional 
exhaustion, often progressing into chronic anxiety and 
depression.31 Many patients describe their experience as 
a constant effort to manage symptoms and prevent 
disease progression, with little hope for lasting relief. The 
visible disfigurement that often accompanies 
lymphedema further exacerbates body image concerns 
and diminishes quality of life.32 
 

These substantial physical and psychosocial challenges 
have driven patients, clinicians, and researchers alike to 
seek not only a cure but also effective risk-reduction 
strategies and improved long-term management options. 
A compassionate, comprehensive approach to care, one 
that addresses both physiological and emotional 
dimensions, is essential to truly support individuals living 
with lymphedema. 
 

The ketogenic diet: A novel metabolic 
intervention for cancer treatment-related 
lymphedema prevention 
A ketogenic diet can be seen as an intervention that 
addresses the underlying problems, as explained in the 
house metaphor. An effective preventive strategy would 
ideally target both the pathophysiological processes as 
well as the associated metabolic risk factors associated 
with CTRL. Here, we explore the potential of a 
therapeutic KD as a multifaceted intervention that may 
address these interconnected concerns. We provide 
plausible mechanisms of action through two main 
pathways: improved metabolic health and benefits 
associated with ketone exposure.  We therefore suggest 
that a KD may perform as not just a treatment option, but 
as a formidable reduction in the risk of developing 
lymphedema. 
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Ketogenic Diet Definition 
A KD is a structured nutritional regimen characterized by 
a substantial reduction in CHO intake, concomitant with a 
proportionate elevation in dietary fat to meet energy 
needs, as well as a moderate allocation of protein. The 
fundamental objective of a ketogenic dietary approach 
is to induce a metabolic state known as ketosis, wherein 
the body transitions from reliance on glucose as its 
primary energy substrate to the utilization of fatty acids 
and ketone bodies, which are themselves synthesized 
from the catabolism of fatty acids.33  

 
A KD mandates a macronutrient distribution that deviates 
from conventional dietary guidelines. The caloric 
contribution from fats frequently ranges between 70% 
and 80%, while protein is generally about 20% of total 
caloric intake. CHO consumption is restricted to 5% of 
calories, or less than 50 grams per day. A reduction in 
CHO availability leads to a significant reduction in 
hepatic glycogen stores.34 Consequently, the liver ramps 
up the process of ketogenesis as a result of beta-
oxidation of fatty acids, and these ketones then serve as 
an alternative and efficient fuel source for various tissues, 
including the brain. An adaptive metabolic shift from 
glucose to fatty acids is central to the therapeutic and 
physiological effects observed with the KD.35  

 

Hypothesis: Ketogenic diet as a prevention 
of cancer treatment-related lymphedema 
We propose that the biological effects of a KD may 
represent an underrecognized strategy for improving 
lymphatic function and facilitating lymphatic healing and 
regeneration in individuals at risk for CTRL, particularly 
those undergoing radiation or surgical interventions 
known to disrupt lymphatic architecture. By shifting the 
clinical focus upstream toward metabolic optimization 
before or during cancer therapy, we argue for a 
reorientation of lymphedema care: from reactive 
symptom management to proactive risk reduction and 
possible prevention through early, ketogenic dietary 
intervention. Specifically, we highlight the importance of 
targeting the metabolic and inflammatory conditions that 
underlie lymphatic vulnerability and offer a novel, non-
pharmacologic pathway for reducing the incidence and 
severity of lymphedema.  

 
Though there may be multiple pathways to achieving 
metabolic health, we emphasize the KD because it 
combines a low risk of serious side effects with a set of 
distinctive therapeutic properties that directly counteract 
the pathophysiological processes underlying CTRL. The 
benefits of a ketogenic approach are twofold. First, a KD 
has demonstrated effectiveness in improving metabolic 
health, particularly by reducing visceral adiposity, 
improving insulin sensitivity, and lowering systemic 
inflammation, all of which are associated with mitigating 
the risk of lymphedema following cancer treatment.1,36–39 
Second, the exposure to ketone bodies produced during 
nutritional ketosis provides unique cellular and molecular 
benefits that may protect and repair lymphatic tissues by 
providing a protective buffer against the unavoidable 
lymphatic injury experienced with conventional cancer 
treatments. In mouse studies and in vitro models, ketone 
metabolism has been shown to enhance the body’s ability 

to recover and remain resilient in the face of such 
injuries.9,40 Additionally, emerging ketogenic diet 
research shows promise in humans that 
lymphangiogenesis correlates with ketone levels.41 By 
integrating metabolic optimization with tissue-level 
protection, a KD offers an effective approach to 
preventing or attenuating CTRL in at-risk populations. 
 

Systemic metabolic health 
Metabolic health refers to the optimal functioning of 
physiological processes that regulate energy production 
and utilization, encompassing glycemic control, lipid 
metabolism, insulin sensitivity, blood pressure, and body 
fat distribution. As we described in our introductory 
metaphor, the body's foundation in metabolic health is a 
critical factor in averting the development of 
lymphedema. Unfortunately, disorders of metabolism, 
including obesity, insulin resistance, diabetes mellitus, and 
metabolic syndrome, afflict a substantial portion of the 
adult population.5  
 

The findings of multiple studies underscore the importance 
of systemic metabolic health in influencing lymphatic 
function and lymphedema onset and progression. For 
instance, there is a strong association between obesity 
and lymphedema, both in patients with and without 
cancer treatment42,43 Yusof et al.44 reported that breast 
cancer survivors with diabetes mellitus had nearly a 10-
fold increased risk of early-onset lymphedema. Doruk 
Analan et al.23 similarly identified a significant 
association between insulin resistance, central obesity, 
and lymphedema related to breast cancer treatment. In 
a subsequent study, Yusof et al.44 confirmed that breast 
cancer survivors with lymphedema were more likely to 
have hypertension and/or diabetes mellitus compared to 
survivors who did not have lymphedema. Furthermore, a 
study of 40 women with breast CTRL found that 
conservative lymphedema treatments were more 
effective in participants without comorbid metabolic 
syndrome, suggesting that underlying metabolic health 
status may influence treatment efficacy.45  The role of 
metabolic health was highlighted in a case study report 
when complete resolution of chylothorax secondary to 
thoracic duct injury, compounded by insulin resistance, 
was achieved within three months of starting a KD.46 
 

Insulin resistance and metabolic 
derangement 
Metabolic derangement refers to a disruption in the 
body’s normal metabolic processes, including energy 
production, nutrient use, tissue repair, and waste 
removal.47 When these processes become dysregulated, 
the body’s ability to maintain balance is impaired, setting 
off a cascade of adverse effects, the most significant of 
which may be insulin resistance.48 
 

Insulin plays a central coordinating role in metabolism. It 
helps regulate blood glucose by reducing glucose 
production in the liver, promoting glucose uptake by 
tissues, and limiting fat breakdown in adipose tissue.49 
Insulin resistance occurs when tissues such as skeletal 
muscle, liver, and fat no longer respond appropriately to 
insulin’s signals. This state can be triggered by several 
mechanisms, including chronic inflammation, mitochondrial 
dysfunction, and cellular stress.50 
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Conventional dietary recommendations often emphasize 
low-fat, low-calorie eating patterns that frequently rely 
on poor-quality foods. Although the high refined CHO 
content of most modern industrialized diets is considered 
a primary driver of metabolic dysfunction, additional 
dietary components are also implicated in impaired 
metabolic health and obesity. These include industrial 
seed oils,51,52 high fructose corn syrup,53 and novel food 
additives or ingredients that may promote gut 
inflammation.54 Consequently, a secondary advantage of 
a KD may derive from its inherent guidance to limit or 
exclude these potentially deleterious components. For 
these reasons, although such high-CHO, low-fat (HCLF) 
dietary approaches are widely promoted for health and 
weight management, they may paradoxically contribute 
to weight gain and metabolic dysfunction.55 For many 
individuals who adhere to mainstream recommendations 
with diligence, progress toward improved health remains 
limited or ultimately stalls. This outcome reflects not a lack 

of motivation or adherence, but the predictable 
metabolic consequences of an industrialized HCLF dietary 
pattern. 
 
Compelling evidence demonstrates that HCLF diets, 
particularly in metabolically compromised individuals, 
provoke exaggerated insulin and glucose responses that 
lead to subsequent postprandial glucose drops, 
intensifying hunger and cravings.56,57 This hormonal 
cascade is further compounded by the low satiety of such 
diets, as fat is a key macronutrient for promoting feelings 
of fullness and suppressing appetite.58 For those with 
metabolic disease, these widely promoted dietary 
recommendations are not merely ineffective; they are 
physiologically inadequate, setting the stage for a cycle 
of temporary success followed by inevitable frustration 
and relapse.59 The physiological consequences are 
sometimes termed the Insulin Roller Coaster Effect (see 
Table 1). 

 
Table 1. Consequences of the Insulin Roller Coaster Effect in an affected individual. 

Consequence Description 

Constant insulin 
demand 

Eating 5-6 times per day, especially CHO-centric foods, means the body is almost constantly 
in a fed state, requiring continual insulin production. 

No time for fasting or 
fat burning 

A frequent eating pattern doesn't allow the body enough time to dip into its fat stores for 
energy (which naturally happens during periods between meals or overnight fasting) as the 
body is constantly prioritizing glucose as fuel. 

Hunger between meals Despite frequent meals, the quick digestion of low-fat, high-CHO options can lead to more 
hunger and cravings between small meals, turning the "snack" into a necessity rather than an 
option. 

Persistent 
hyperinsulinemia 

High levels of insulin prevent access to stored fat and result in a vicious cycle of hunger, 
impaired glucose tolerance, more hunger, and chronic inflammation 

 
As the vicious cycle of the insulin roller coaster continues, 
what began as a hopeful journey toward better health 
and a stable body weight can unfortunately devolve into 
a downward spiral into disease. Instead of maintaining 
their initial health gains, many people find themselves not 
only back where they started but in a potentially worse 
position.60 For many, they are pushed towards metabolic 
derangement. 
 
Given the links between metabolic disorders and 
lymphatic dysfunction, metabolic therapies are being 
investigated for lymphedema treatment and risk 
reduction. For instance, Rubin et al.61 observed a reduced 
risk of lymphedema among metformin users, suggesting 
that improving metabolic parameters may confer 
protective benefits. In contrast, a KD offers a non-
pharmacologic strategy to interrupt metabolic 
dysfunction by enhancing insulin sensitivity, reducing 
systemic inflammation, and improving tissue homeostasis. 
By targeting both systemic and localized metabolic 
derangements, a KD offers a viable strategy for reducing 
metabolic derangement and the risk of CTRL. 
 

Fluid balance and transport  
One of the primary functions of the lymphatic system is to 
maintain tissue fluid homeostasis by collecting and 
returning excess interstitial fluid to the bloodstream. Fluid 
balance depends on the structural integrity and functional 
capacity of lymphatic vessels, which must adapt to 

physiological demands under varying conditions. Cancer 
treatments, such as surgery and radiation, can 
significantly impair lymphatic structure and function, 
thereby reducing transport capacity at a time when 
demands on the system are elevated due to inflammation 
and tissue damage from these very treatments. 

 
If present, comorbid metabolic disorders, such as liver 
disease, diabetes, and obesity, can further increase 
lymphatic load while simultaneously impairing transport 
mechanisms. As noted previously, metabolic disorders are 
associated with increased lymphatic vessel permeability 
and reduced contractile strength and frequency, both of 
which contribute to fluid accumulation.24,62,63  Impaired 
lymphatic transport also prevents the effective removal 
of macromolecules, metabolites, and other waste 
products, exacerbating local tissue damage.64,65 This 
means that disruptions to lymphatic function will 
contribute to a pro-inflammatory, hypoxic, and oxidative 
microenvironment that further impairs immune function 
and fluid balance, compounding vulnerability to CTRL. 

 
Lymphangiogenesis is particularly crucial following 
cancer treatment-related lymphatic trauma. As fluid stasis 
becomes chronic, the body increasingly relies on 
lymphangiogenesis to manage the excess fluid burden. 
However, for repair to be effective, the new lymphatic 
vessels must be functional, well-integrated, and capable 
of supporting fluid transport under stress, which may not 
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always be the case in the presence of metabolic 
disorders.66  

 
KDs enhance metabolic health in ways that directly 
support lymphatic transport and fluid regulation in tissues 
vulnerable to or affected by lymphedema. Systemic 
metabolic improvements driven by a KD create a 
physiological environment that favors efficient lymphatic 
function. Furthermore, exposure to ketone bodies has 
been shown to promote lymphatic vessel integrity and 
stimulate lymphangiogenesis, reinforcing structural and 
functional lymphatic capacity.9,40  

 
Recent evidence suggests that KDs may influence 
metabolic and growth factor pathways that promote 
effective and functional lymphangiogenesis. Animal 

studies indicate that fatty acid β-oxidation and ketone 

signaling can stimulate lymphatic sprouting, potentially 
improving transport capacity in damaged tissues.9,40 
Clinical data with human subjects are still emerging, but 
early findings are promising. In an exploratory study, 
individuals with lymphedema who followed either a 
classic ketogenic or modified Atkins diet showed 
improvements in lymphatic function, as demonstrated by 
reduced dermal backflow on lymphatic imaging.41 
Although average edema volume did not significantly 
decrease across the entire cohort, several participants 
experienced a clinically meaningful volume reduction, 
suggesting that the diet supported functional new vessels. 
Collectively, these effects suggest that the metabolic 
optimization achieved through ketogenic dietary 
interventions may play a central role in restoring 
lymphatic balance and preventing fluid overload in at-
risk tissues. 

 

Microenvironment of at-risk and/or 
affected tissue 
The initial analogy of the house with a collapsed stairway 
can illustrate the impact of lymphatic injury on the 
microenvironment of at-risk and/or affected tissue. 
Although the initial lymphatic trauma is the damage to 
the stairway, a multitude of pre-existing issues can 
compromise the repairs. These issues are the foundational 
flaws of the house, specifically metabolic dysfunction, 
insulin resistance, and chronic inflammation that create a 
chaotic environment for repair. 

 
Physiological stressors, both internal (e.g., inflammation, 
hypoxia, oxidative stress, metabolic dysregulation) and 
external (e.g., surgery, radiation therapy, poor diet, 
infection), can disrupt homeostasis and initiate complex 
cellular and systemic responses.67 While acute activation 
of these stress pathways triggers and aids in tissue repair, 
chronic or unresolved stress contributes to immune 
dysregulation and potentially irreversible tissue 
remodeling. In the development of CTRL, these stressors 
are not only induced by standard cancer therapies but 
also amplified by pre-existing metabolic dysfunction, 
which positions them as central drivers of CTRL 
pathophysiology. Failure to restore lymphatic function in 
a timely fashion leads to progressive degradation of the 
tissue microenvironment, marked by further fluid 
accumulation, chronic inflammation, fibrosis, and 
maladaptive tissue remodeling.65 This ultimately results in 

lymphedema and, in our analogy, an irreparably 
damaged section of the house.  
 
In the sections that follow, we explore how inflammation, 
hypoxia, and oxidative stress, exacerbated by metabolic 
dysfunction, create a self-perpetuating cycle of tissue 
damage and lymphatic failure. 
 
INFLAMMATION 
While inflammation is a necessary part of the healing 
process, chronic inflammation poses serious risks to the 
lymphatic system's formation, structure, and function. In 
our house analogy, this is the moisture that gets trapped 
by shoddy repair work, leading to degradation and 
further damage. Prolonged inflammatory signaling 
promotes excessive or abnormal lymphangiogenesis, 
largely driven by elevated growth factors.66 Over time, 
this dysregulated growth, combined with sustained 
oxidative stress, can lead to lymphatic valve dysfunction 
and loss of vessel contractility, critically impairing lymph 
transport and immune surveillance.68 These pathological 
changes are commonly observed in individuals with CTRL, 
where a persistently inflamed and oxidative 
microenvironment worsens lymphatic damage.69,70 
Reducing systemic inflammatory drivers not only helps 
preserve existing lymphatic structures but may also 
improve their function and support overall health. 
 

Multiple lines of evidence suggest that a KD may be 
beneficial for promoting a non-inflammatory 
environment. As discussed previously, KDs can help 
reverse or resolve metabolic disorders, many of which 
have been associated with a state of low-grade chronic 
inflammation.71 In addition, trials comparing KDs to high 
CHO diets show that systemic inflammatory markers are 
decreased with a CHO-restricted intervention, suggesting 
a lower inflammatory burden.36,72–74 KDs have also been 
shown to reduce levels of excess visceral fat,75,76 thus 
potentially reducing another source of chronic 
inflammation.77 Along with the described systemic effects, 

KDs also increase the production of β-hydroxybutyrate 

(BHB), a ketone body known to inhibit nucleotide-binding 
domain-like receptor protein 3 (NLRP3) inflammasome, 
which is a major contributing pathway in chronic 
inflammation.78 These study findings demonstrate how a 
KD creates a more favorable environment for 
regenerative processes to occur in lymphatic tissue. This is 
akin to removing the source of degradation and disrepair 
so that the house can be properly rebuilt. 
 

HYPOXIA 
Tissue hypoxia, in which oxygen demand exceeds supply, 
is common in lymphedema, particularly in the context of 
obesity and metabolic syndrome.79,80 Lymph stasis, 
inflammation, and fibrosis create a state of local oxygen 
deprivation, a pervasive, low-level hypoxia that is akin 
to the lack of proper ventilation that causes the house to 
rot.  
 

Evidence from both human and animal studies confirms 
that hypoxia is present in CTRL, suggesting that 
interventions targeting hypoxic signaling may support 
lymphatic repair.81 Hypoxia-inducible factors (HIFs) are 
key regulators of the cellular response to low oxygen and 
play a central role in promoting lymphangiogenesis 
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during wound healing and tissue remodeling, making HIFs 
a promising target for intervention.39,82 However, direct 
studies of HIF expression or function in human 
lymphedematous tissue, especially in the context of CTRL, 
are limited or lacking.   

 
Early research indicates that KDs and the ketone body 
BHB can modulate HIF activity in cancer models by either 
reducing or stabilizing particular variations of HIFs.83,84 
Additionally, BHB has demonstrated protective effects in 
hypoxic environments by increasing adenosine 
triphosphate (ATP) efficiency and cellular energy 
resilience.85,86 This improved energy yield may help 
tissues withstand oxygen deprivation, reducing damage 
and supporting recovery. Although further study is 
needed, these findings point to a plausible mechanism 
through which a ketogenic intervention could improve 
outcomes in hypoxia-related lymphatic dysfunction, as 
may occur with conventional cancer treatments. 

 
OXIDATIVE STRESS  
Oxidative stress occurs when the production of reactive 
oxygen species (ROS) exceeds the body's antioxidant 
defenses, leading to damage to deoxyribonucleic acid 
(DNA), proteins, and lipids, and ultimately contributing to 
cellular dysfunction or death. This imbalance is a known 
contributor to a range of chronic diseases, including 
cancer, cardiovascular disease, diabetes, metabolic 
syndrome, and autoimmune conditions.87,88 

 
Within the setting of post-cancer treatment lymph stasis 
and CTRL, oxidative stress plays a particularly damaging 
role as another contributor to delayed repairs. Studies 
have shown that higher volumes of lymphedematous fluid 
correlate with increased oxidative stress and that 
reducing limb volume may help lower oxidative 
burden.69,89 Further, during episodes of cellulitis, 
prolonged oxidative stress may damage the lymphatic 
vessels, contributing to a cycle of inflammation, relapse, 
and increased lymphatic dysfunction.90 

 
Importantly, ROS are not solely harmful; they also 
function as signaling molecules in physiological processes, 
including lymphangiogenesis. At controlled levels, ROS 
support growth factor signaling and vascular 
remodeling.91 However, when ROS levels become 
excessive, they suppress lymphangiogenesis by inducing 
apoptosis (programmed cell death) in lymphatic 
endothelial cells and disrupting tissue repair.91 

 
Although specific studies on the effects of KDs on 
oxidative stress in patients at risk for CTRL are lacking, 
related research offers promising insights. KDs have been 
shown, for example, to reduce ROS generation and 
improve mitochondrial health and resilience by limiting 
glucose availability and shifting metabolism toward fat 
oxidation and ketone production.92–94 Shimazu et al.95 
found that pre-treatment with BHB protected mice from 
oxidative damage, suggesting a potential preventive 
role for ketogenic strategies if implemented before 
cancer therapies. These findings highlight the need to 
explore KDs as a means to mitigate the oxidative and 
inflammatory damage that contributes to CTRL. 

 

In summary, chronic inflammation, persistent hypoxia, and 
sustained oxidative stress create a hostile biochemical 
environment that impairs lymphatic repair and function, 
potentially driving the development of CTRL. Chronic 
inflammation promotes abnormal lymphangiogenesis, 
valve dysfunction, and loss of contractility; hypoxia 
exacerbates tissue injury through dysregulated HIF 
signaling; and oxidative stress damages lymphatic 
endothelium while perpetuating cycles of dysfunction. 
Evidence suggests that KDs may address these drivers 
through multiple mechanisms: reducing systemic 
inflammation and visceral adiposity, modulating HIF 
activity to improve hypoxic resilience, and lowering 
oxidative burden via improved mitochondrial efficiency 
and ketone-mediated antioxidant effects. While direct 
studies in patients at risk for CTRL are limited, existing 
metabolic, vascular, and inflammatory data point to KDs 
as a promising nutritional intervention to create a more 
regenerative, less damaging tissue environment 
conducive to lymphatic repair. 
 

Tissue remodeling in response to 
lymphatic injury 
Conventional cancer treatments cause direct injury to the 
lymphatic system, triggering a cascade of tissue 
remodeling processes that affect the skin, adipose tissue, 
lymphatic vasculature, and extracellular matrix.96 
Structural and functional alterations are not only a 
consequence of the initial insult but also evolve 
progressively once lymphedema develops. Even in the 
earliest clinical stages, affected tissues exhibit signs of 
pathological remodeling, including fibrosis and adipose 
tissue hypertrophy.97,98 This remodeling contributes to the 
persistence and progression of lymphedema, highlighting 
the importance of preventive measures and early 
intervention that both support lymphatic repair and 
improve the health of the tissue microenvironment. Two of 
the primary tissue changes that occur with lymphedema, 
discussed here, are fibrosis and adipogenesis. 
 
FIBROSIS 
Fibrosis is a central pathological feature of lymphedema, 
contributing to impaired lymphatic vessel function and 
chronic disease progression. Some researchers have even 
described lymphedema as a form of end-stage organ 
failure of the lymphatic system, akin to fibrotic failure in 
organs such as the heart, liver, and kidneys.63 Returning 
to our house analogy, fibrosis is the biological equivalent 
of the stairs bulging and cracking, as the imperfect fixes 
generated by chronic inflammation and tissue hypoxia 
stimulate excessive collagen deposition in affected 
tissues.68,99 These same drivers are implicated in fibrotic 
conditions in other tissues, including adipose fibrosis and 
hepatic steatosis.100–102 
 
KDs have shown anti-fibrotic potential in several 
preclinical models, including cardiac, renal, and adipose 
tissue fibrosis.103–105 Although not yet studied directly in 
the context of patients at risk for CTRL, these findings 
raise the possibility that a KD could modulate fibrotic 
pathways relevant to lymphatic dysfunction. A proposed 
mechanism for the anti-fibrotic effects of KDs is the 
suppression of HIFs, as detailed previously.106 Also 
discussed previously, KDs may reduce systemic and tissue-
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specific inflammation and improve oxygenation, both of 
which may indirectly mitigate lymphatic trauma-related 
fibrosis.  
 
One particularly relevant molecular target is 

transforming growth factor-beta (TGF-β), a cytokine 

involved in wound healing, immune regulation, and 

fibrogenesis.107 TGF-β has been implicated in 

lymphedema-related fibrosis among patients with head 

and neck cancer.108 In animal models, inhibition of TGF-β 

signaling reduced fibrosis, improved lymphatic function, 
and promoted lymphangiogenesis.12,109,110 Significantly, 

the ketone BHB has been shown to downregulate TGF-β 

expression in models of pulmonary fibrosis111 and reduce 
fibrotic signaling in adipose tissue.112  
 
KDs have been shown to reduce oxidative stress in the 
kidneys, enhance antioxidant enzyme activity, and lower 
pro-inflammatory cytokines.113 Although direct evidence 
is still lacking, the convergence of anti-fibrosis mechanisms 
and anti-inflammatory effects suggests that KDs may 
offer a novel therapeutic avenue for reducing or 
preventing fibrosis and the subsequent development of 
CTRL, especially if adopted before or soon after 
lymphatic injury caused by cancer treatments. 

 
ADIPOGENESIS 
The proliferation of fat cells, or adipogenesis, is another 
key component of pathological remodeling in 
lymphedema. In our house analogy, this is the body's 
attempt to use unreliable materials to patch up the 
damage. Substantial evidence demonstrates that the 
swelling observed in lymphedema is not solely due to 
fluid accumulation but is significantly driven by adipose 
tissue deposition. Both animal and human studies 
consistently show a strong relationship between lymphatic 
dysfunction and fat accumulation, particularly in the 
affected limb.39,114–116  

 
The subcutaneous tissue compartment is the primary site 

of lymphedema fat accumulation, although other 
tissue layers may also be involved. Importantly, 
lymphedema-induced excess adipose tissue is not 
reversed through traditional conservative therapies, such 
as manual lymph drainage and compression therapy, 
driving some patients to have it surgically removed via 
liposuction.117 At the cellular level and histologically, 
adipose tissue in a lymphedematous limb exhibits distinct 
pathological features when compared to healthy fat 
tissue, showing increased basal lipolytic activity, elevated 
expression of lymphangiogenic markers, and enhanced 
secretion of pro-inflammatory cytokines,118 as well as 
hypertrophic and heterogeneous adipocyte size,119 
suggesting an actively remodeling and inflamed tissue 
environment. Moreover, stem cells isolated from 
lymphedematous adipose tissue have demonstrated 
greater adipogenic potential than stem cells from 
unaffected adipose tissue, indicating a shift toward 
adipose tissue expansion in response to lymph stasis.120 

 
Interventions targeting metabolic dysfunction may help 
mitigate adipose deposition in lymphedema. In a small 
pilot study, participants with obesity and lymphedema 
who followed a KD experienced a significant correlation 

between reduced body fat percentage and decreased 
limb volume, an effect not observed in participants who 
did not adopt the diet.121 Similar findings have been 
reported in related disorders, such as lipedema, where 
KDs have led to meaningful reductions in body fat and 
symptom burden.122–124 These findings support the 
hypothesis that chronic lymph stasis following cancer 
treatment promotes adipose tissue hypertrophy and that 
targeting this pathway through dietary or metabolic 
interventions may offer a novel strategy to arrest or 
reverse the progression of lymphedema. 
 

Ketogenic diets: An opportunity for 
metabolic optimization 
Realizing the potential benefits of a KD for CTRL 
prevention or management will depend largely on the 
presence of informed, supportive healthcare providers 
who can guide patients through the transition to ketogenic 
strategies. However, despite its therapeutic promise, the 
KD is not without controversy or concern, particularly 
within conventional dietary and medical frameworks. It is 
common to hear arguments against using a KD for cancer 
patients, often centered on concerns about unfounded 
fears of its restrictive nature, risk of weight loss, and/or 
nutrient deficiencies.  
 
But for those battling cancer, a well-implemented 
ketogenic lifestyle can indeed be a sustainable and 
highly beneficial long-term approach.125,126 Its success 
and sustainability in the cancer population are greatly 
enhanced when individuals receive proper dietary 
education, have strong support systems for making 
dietary changes, and adopt a gradual, personalized 
dietary approach.127 This strategy not only makes a KD 
more manageable amid the challenges of cancer 
treatment but also empowers patients by giving them a 
beneficial sense of personal agency in their health 
journey. 
 
There is a lack of large-scale trials testing the efficacy of 
KDs for all cancer types; however, we are unaware of 
any studies that suggest that a well-formulated KD causes 
a detrimental amount of unintentional weight loss or 
contributes to nutrient deficiencies.128 When done 
thoughtfully and under expert supervision, the potential 
for improved metabolic health, weight management, and 
enhanced well-being can make it a sustainable and 
empowering choice, directly challenging the notion that a 
KD is universally unsuitable or unsustainable for cancer 
patients.127 Several commonly expressed concerns are 
discussed here. 
 

Navigating lipid metabolism and 
ketogenic diets  
Concerns regarding the impact of a KD on lipid profiles, 
particularly cholesterol levels, are frequently raised. 
However, a comprehensive examination can reveal a 
more intricate physiological response than a sole focus on 
elevated low-density lipoprotein cholesterol (LDL-C) 
might suggest. While an increase in LDL-C is observed in 
some individuals following a KD,129 it is important to 
consider a broader spectrum of lipid markers. KDs often 
lead to a significant elevation in high-density lipoprotein 
cholesterol (HDL-C), a marker consistently associated with 
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cardioprotective effects, alongside a notable reduction in 
triglycerides, another key indicator of cardiovascular 
risk.38,130 Furthermore, while a KD is often associated with 
an increase in LDL-C, this rise typically reflects a shift in 
particle size. Specifically, the LDL profile tends to shift 
toward larger, more buoyant particles, which are 
generally considered less atherogenic than the smaller, 
denser LDL particles, which have been more strongly 
linked to cardiovascular risk.131–133 
 
Individual variability in response to a KD is a critical 
factor, as not all individuals experience a substantial 
increase in LDL-C; genetic predispositions and specific 
dietary compositions play significant roles in modulating 
lipid responses.134 The intentional selection of dietary fats 
that emphasize sources such as olive oil, avocado, and 
animal-sourced fats like dairy fat, lard, and tallow can 
exert a positive influence on lipid profiles.135 In addition, 
recent analyses show that LDL-C response to CHO-
restricted diets depends on two factors.136,137 First, 
greater CHO restriction is linked to larger LDL-C 
increases, which reverse with moderate CHO 
reintroduction. Second, higher body mass index (BMI) is 
associated with little or no LDL-C change on a KD. These 
findings highlight that LDL-C responses to CHO restriction 
are highly individual, with mechanisms discussed more in-
depth in Norwitz et al.138 
 
Beyond isolated lipid markers, the broader metabolic 
benefits conferred by a KD, including weight loss (when 
desired or warranted), enhanced insulin sensitivity, and 
reduced systemic inflammation, represent substantial 
contributions to overall cardiovascular health.38 The 
multifaceted improvements observed when adhering to a 
KD often supersede the implications of isolated 
cholesterol measurements.134 
 
Therefore, a personalized assessment, guided by a 
knowledgeable healthcare professional and 
encompassing a comprehensive lipid panel that includes 
HDL-C, triglycerides, and ideally LDL particle size, is 
paramount for individuals adhering to a KD. Additional 
monitoring, such as through serial imaging, can also be 
utilized to evaluate the actual presence of disease and 
identify rapid progression if it occurs. Research is ongoing 
on the risk of isolated diet-induced elevated LDL-C in 
individuals utilizing CHO-restricted diets, but it is still in 
the early stages.139,140 As such, if concerns arise from an 
increase in LDL-C or evidence of rapid cardiovascular 
disease progression, moderate CHO reintroduction or 
pharmacotherapy to lower LDL-C levels could be utilized 
to reverse the effect. 
 
ADDRESSING WEIGHT LOSS CONCERNS IN PATIENTS 
WITH CANCER 
The concern that a KD might lead to undesirable weight 
loss in cancer patients is also a common apprehension. 
However, a well-managed KD does not inherently result 
in detrimental weight loss; rather, it can be strategically 
implemented to preserve muscle mass and optimize body 
composition.128 The emphasis should shift from merely 
monitoring scale weight to assessing changes in body 
composition. While an initial reduction in water weight is 
typical, a  properly formulated  KD aims to  facilitate the 

reduction of fat mass while safeguarding lean muscle 
tissue. In many patients, particularly those with obesity, a 
reduction in fat mass can be therapeutically beneficial.141 
 
Protein intake plays a pivotal role in muscle sparing 
within the context of a therapeutic KD. Adequate to high 
protein consumption is essential for preventing muscle 
wasting, and emerging research also suggests that 
ketones themselves may exert a muscle-sparing 
effect.141–143 Furthermore, the high-fat content 
characteristic of a KD often contributes to appetite 
stabilization and sustained satiety, potentially supporting 
consistent caloric intake despite initial appetite 
fluctuations. The risk of unintended and detrimental 
weight loss is significantly mitigated through a 
personalized and supervised approach. This involves 
individualized dietary plans and close monitoring by 
dietitians or physicians specializing in metabolic therapies 
for cancer. When implemented strategically and under 
professional guidance, a KD can optimize metabolic 
health and body composition for the patient with cancer 
without inducing harmful, uncontrolled weight loss, and 
may even enhance treatment tolerance and overall well-
being.141 
 
OVERCOMING PHYSICIAN BIAS AGAINST THE 
IMPLEMENTATION OF KETOGENIC DIETS  
A significant hurdle in cancer care is the unexamined bias 
among some healthcare providers against suggesting a 
KD, especially for patients at risk of CTRL. While 
oncologists often have good intentions and wish to steer 
clear of information overload and to avoid any 
perceived risks, withholding information inadvertently 
disempowers individuals, denying them agency and 
access to all potential options. The consequence is that 
patients may miss out on an approach that could offer 
significant benefits for both cancer management and 
lymphedema prevention/treatment.  
 
Evidence from a Norwegian cross-sectional study 
illustrates the gap between provider hesitancy and 
patient willingness: while 97% of cancer patients 
reported making dietary changes after a cancer 
diagnosis, guidance from healthcare providers was 
underutilized, with most patients relying instead on the 
internet or informal sources for information.144 These 
findings underscore the inclination of patients to modify 
their diet and highlight a critical missed opportunity for 
clinicians to provide evidence-based nutritional guidance 
during and after cancer treatment. 
 

Suggestions for future research 
Future investigations hold considerable promise for 
advancing the understanding of lymphatic diseases and 
improving care for an expanding patient population. We 
encourage researchers to leverage resources such as the 
Lymphatic Education & Research Network (LE&RN) 
Global Registry for Lymphatic Diseases, which provides 
a valuable repository of biological specimens, including 
blood and tissue samples, to support both clinical and 
laboratory studies. Defining the natural history of 
lymphedema and identifying reliable biomarkers are 
essential steps toward building predictive models of 
disease progression. 
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Several specific research directions merit attention. First, 
although CTRL has been most extensively studied in the 
context of breast cancer, targeted research is still needed 
to investigate CTRL across diverse cancers and treatment 
modalities to determine whether comparable pathways 
are involved and to ensure that incidence, risk factors, 
and mechanisms are accurately characterized to guide 
appropriate clinical management. 

 
Another interesting line of inquiry could examine how KDs 
influence lymphangiogenesis and lymphatic repair 
following cancer treatment. A critical area is the role of 
macrophage polarization: clarifying how distinct 
macrophage subtypes contribute to tissue repair and 
vessel growth across disease stages, and whether KDs 
modulate these processes, could reveal new therapeutic 
targets. Likewise, the potential of KDs to beneficially 
influence HIF signaling in lymphedematous tissue remains 
largely theoretical, yet may carry important implications 
for lymphatic recovery. 

 
Research should also explore the role of carnitine in 
lymphatic endothelial cell (LEC) metabolism. Because LEC 
proliferation and fatty acid oxidation depend on 
acylcarnitine, and carnitine deficiency frequently 
accompanies poor metabolic health, such deficiencies 
may impair lymphatic repair.40,145,146 Addressing this link 
could open avenues for nutritional or metabolic 
interventions to enhance lymphatic function. 

 
Further research could build on the current understanding 
of fibrosis; future studies should investigate how BHB and 

KD interventions affect TGF-β signaling and fibrotic 

pathways within the specific context of lymphedema. 
Particular attention should be given to modifying factors 
such as oxidative stress and glycemic control, as these 
may critically shape fibrotic responses in affected tissues. 
 

Finally, it is essential that future studies rigorously test the 
null hypothesis by exploring scenarios in which KDs may 
be harmful in lymphedema. Such balanced inquiry will 
ensure that clinical recommendations are grounded in a 
comprehensive assessment of both potential benefits and 
risks. 
 

Conclusion 
CTRL remains a substantial and frequently 
underrecognized morbidity of contemporary oncology 
care, with existing management strategies aimed 
primarily at mitigating downstream symptoms rather than 
intervening on upstream drivers of lymphatic 
susceptibility. This review advances the conceptual 
framework that metabolic dysfunction constitutes a key 
pathogenic factor in lymphatic impairment and that 
ketogenic dietary interventions may offer a viable, non-
pharmacologic modality for reducing CTRL risk. By 
enhancing insulin sensitivity, modulating inflammatory 
pathways, and improving systemic fluid regulation, a KD 
may augment metabolic resilience, while ketone bodies 
themselves exert direct cytoprotective and 
immunomodulatory effects relevant to lymphatic repair 
and tissue homeostasis. 
 
Given the high burden of metabolic dysfunction among 
individuals undergoing cancer therapy, the integration of 
evidence-based nutritional strategies represents an 
urgent and underutilized opportunity for prevention. 
Incorporating ketogenic approaches into oncology 
practice could reorient survivorship from reactive 
management to proactive risk reduction by addressing 
fundamental metabolic determinants of lymphatic 
compromise. To advance this paradigm, future work 
should prioritize rigorously designed clinical trials and 
mechanistic investigations that delineate the effects of 
KDs on lymphatic biology and establish clear, oncology-
specific guidelines for their implementation. 
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