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ABSTRACT

Background: Radiotherapy-induced liver injury (RILI) is a significant complication in
cancer treatment, particularly among patients with pre-existing non-alcoholic fatty
liver disease (NAFLD). Non-invasive monitoring with transient elastography allows
early detection of steatosis and fibrosis, while targeted nutritional support such as an
isocaloric low-carbohydrate high-protein (LC-HP) diet may enhance hepatic resilience
during therapy. Materials and Methods: One hundred adult NAFLD patients
undergoing radiotherapy for solid tumors, mainly involving the gastrointestinal,
hepatobiliary, gynecologic, and thoracic regions were prospectively enrolled in a 6-
month LC-HP dietary intervention. Clinical assessments included anthropometry,
biochemical markers, body composition, immune parameters, and transient
elastography values [controlled attenuation parameter (CAP) and liver stiffness
measurement (LSM)]. In these patients, part of the non-tumorous liver was located
within the low- to moderate-dose region of the radiotherapy fields, as determined
from the treatment planning data, resulting in partial hepatic irradiation. Radiotherapy
data (cancer type, intent, field, and dose) were documented to contextualize hepatic
exposure. Results: Despite concurrent radiotherapy, CAP and LSM values declined
significantly (P < 0.05), indicating reductions in hepatic steatosis and fibrosis. BMI,
waist circumference, and body fat percentage decreased, while skeletal muscle mass
increased. Serum cholesterol and triglycerides decreased, prealbumin levels improved,
and lymphocyte counts rose significantly (P < 0.001). These findings suggest that
structured nutritional support can mitigate hepatic stress and preserve immune
competence during radiotherapy. Conclusion: Integrating an isocaloric LC-HP diet with
transient elastography monitoring improved hepatic, metabolic, and immune
outcomes in NAFLD patients receiving radiotherapy.

INTRODUCTION

Radiotherapy remains a cornerstone of cancer
treatment, but hepatic toxicity continues to pose a
serious clinical challenge, particularly in patients
with pre-existing liver vulnerability. Radiation-
induced liver disease (RILD) is a dose-limiting
complication characterized by hepatic dysfunction,
fibrosis, and in severe cases, liver failure. Patients
with underlying metabolic disorders such as non-
alcoholic fatty liver disease (NAFLD) are especially at
risk, as hepatic steatosis and fibrosis increase
susceptibility to radiation-related injury and may
compromise treatment tolerance and outcomes (1.2).
Clinical and dosimetric studies have further
demonstrated that the risk of classical and non-

classical RILD increases with higher mean liver dose
and larger irradiated liver volumes, particularly in
patients with pre-existing chronic liver disease,
underscoring the need for strategies that preserve
hepatic reserve during radiotherapy G- 4.

NAFLD has emerged as the most prevalent
chronic liver disease worldwide, with a rising
incidence parallel to obesity, insulin resistance, and
metabolic syndrome ( 6. Epidemiological data
suggest that approximately one quarter of the global
adult population is affected, and NAFLD is strongly
associated with type 2 diabetes, cardiovascular
disease, and overall mortality, highlighting its
importance as a systemic metabolic disorder in
oncology patients (7. While lifestyle modification
remains the cornerstone of management, the optimal
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dietary approach remains controversial. Low-
carbohydrate high-protein (LC-HP) diets have shown
promise in improving body composition, lipid
metabolism, and hepatic steatosis, but long-term
efficacy and safety remain under investigation (). For
oncology patients, such nutritional strategies may
play a critical role in supportive care by enhancing
hepatic resilience, maintaining nutritional status, and
mitigating treatment-related complications.

Recent advances in imaging have provided new
opportunities for precise monitoring of hepatic
changes during therapy. Transient elastography, a
rapid and reproducible ultrasound-based modality,
enables simultaneous assessment of liver stiffness
(reflecting fibrosis) and the controlled attenuation
parameter (CAP, reflecting steatosis) . 10). Multiple
studies in NAFLD cohorts have validated transient
elastography  against  histology @ and  other
elastography techniques, and it is increasingly
incorporated into clinical practice and research
protocols as a non-invasive tool for staging and
longitudinal follow-up of fatty liver disease (11-13),
Unlike liver biopsy, elastography is non-invasive and
suitable for serial monitoring, making it particularly
valuable for patients undergoing radiotherapy who
require close surveillance of liver health. Despite its
potential, few studies have systematically explored
the combined impact of dietary interventions and
radiotherapy = on  hepatic  outcomes  using
elastography.

Based on this background, the present study
aimed to evaluate the efficacy of an isocaloric LC-HP
diet in improving hepatic steatosis, fibrosis, body
composition, and metabolic parameters in NAFLD
patients undergoing radiotherapy, with transient
elastography as the primary imaging tool. To our
knowledge, no previous prospective study has
specifically investigated an isocaloric LC-HP diet in
NAFLD patients receiving radiotherapy while using
transient elastography to serially monitor hepatic
steatosis and fibrosis. By integrating nutritional
support with non-invasive hepatic monitoring, this
work seeks to provide evidence for strategies that
may reduce radiation-related hepatic injury, support
immune competence, and improve resilience during
cancer treatment.

MATERIALS AND METHODS

Study subjects

Adult patients (218 years) with a confirmed
diagnosis of non-alcoholic fatty liver disease (NAFLD)
who were undergoing radiotherapy for cancer
management at Youjiang Ethnic Medical College
Affiliated Hospital were prospectively recruited.
Eligible participants provided written informed
consent. Exclusion criteria included alcoholic liver
disease (ALD), hepatitis C virus genotype 3 infection,

autoimmune hepatitis, secondary causes of fatty liver
such as drug-induced steatosis (e.g., tamoxifen,
glucocorticoids), hypothyroidism, Mauriac syndrome,
severe systemic illness, or contraindications to
radiotherapy. The study protocol was approved by
the Ethics Committee of Youjiang Ethnic Medical
College Affiliated Hospital and conducted in
accordance with the principles of the Declaration of
Helsinki.

Radiotherapy context

All participants were receiving external beam
radiotherapy as part of oncologic treatment. Primary
tumor sites included mainly gastrointestinal,
hepatobiliary, gynecologic, breast, and thoracic
malignancies, treated with conventional fractionated
external beam radiotherapy delivered by a medical
linear accelerator (e.g, Varian Clinac iX, Varian
Medical Systems, Palo Alto, CA, USA) using 6-10 MV
photon beams. Treatment planning was performed
with a three-dimensional conformal or intensity-
modulated radiotherapy technique on a commercial
planning system (e.g, Eclipse, Varian Medical
Systems, Palo Alto, CA, USA). Radiotherapy details -
including primary cancer type, treatment intent
(curative or palliative), radiation field, prescribed
dose (Gy), and hepatic dose-volume parameters
where available - were documented from medical
records. For curative-intent treatments, the
prescribed tumor dose typically ranged from 50 to 60
Gy in daily fractions of 1.8-2.0 Gy, whereas palliative
regimens commonly delivered 30 Gy in 10 fractions
of 3.0 Gy. For each patient, liver dose-volume
parameters such as mean liver dose and the
percentage of normal liver volume receiving =220 Gy
(V20) and 230 Gy (V30) were extracted from the
dose-volume histogram to characterize hepatic
exposure. In most cases, a portion of the non-
tumorous liver was included within the low- to
moderate-dose region of the treatment fields,
resulting in partial hepatic irradiation. These data
were used to contextualize hepatic exposure and to
evaluate the potential interaction between
radiotherapy and nutritional intervention outcomes.

Intervention methods

At baseline, a structured survey was conducted to
record dietary preferences, family history of fatty
liver disease, and medication use. Educational leaflets
were distributed to improve awareness of fatty liver
and to enhance dietary compliance. Participants were
then assigned an isocaloric low-carbohydrate high-
protein (LC-HP) diet. Height and weight were
measured by trained staff, and body mass index
(BMI) was calculated as weight (kg) divided by height
squared (m?). Ideal body weight was estimated as
height (cm) minus 105, and waist circumference
(WC) was measured according to standardized
protocols. Daily caloric needs were calculated as ideal
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body weight (kg) multiplied by an energy coefficient
[g/(kg-d)]. Protein intake was prescribed at more
than 20% of total daily energy or 1.5 g/kg/day, not
exceeding 30% of energy or 2.0 g/kg/day. To ensure
compliance, protein supplementation was provided
with isolated whey protein (Jingteng Medical
Technology Co., Ltd., China), 20 g dissolved in warm
water or milk once or twice daily, tailored to
individualized nutritional assessment. The overall
macronutrient distribution was 40-45%
carbohydrate, 20-30% protein, and 20-30% fat.

Observation indicators

Assessments were performed at baseline and
after 6 months of intervention. Anthropometric
indices included BMI and WC. Biochemical analyses
comprised total protein (TP), albumin (ALB),
prealbumin (PA), iron (Fe), zinc (Zn), hemoglobin
(Hb), blood urea nitrogen (BUN), creatinine (Cr), uric
acid (UA), total cholesterol (TC), triglycerides (TG),
and low-density lipoprotein (LDL). Body composition
measurements included percentage of body fat,
protein, and water, skeletal muscle content, and waist
-to-hip ratio using a multi-frequency bioelectrical
impedance analyzer (e.g., InBody 770, InBody Co.,
Ltd., Seoul, Korea). Liver imaging was conducted
using transient elastography (FibroTouch transient
elastography system, Hisky Medical Technologies,
Beijing, China), performed by certified physicians to
determine controlled attenuation parameter (CAP,
dB/m) and liver stiffness measurement (LSM, kPa).
Immune function was assessed through lymphocyte
counts, given the known impact of radiotherapy on
lymphopenia and treatment tolerance.

Statistical analysis

Data were analyzed using SPSS version 22.0 (IBM
Corp., USA). Normally distributed variables were
expressed as mean * standard deviation (SD) and
compared using paired t-tests or one-way ANOVA, as
appropriate. Non-normally distributed variables
were analyzed with the Mann-Whitney U test.
Categorical variables were summarized as
frequencies and percentages, with group differences
assessed using the x* test. A P-value < 0.05 was
considered statistically significant.

RESULTS

Baseline characteristics

A total of 100 patients with NAFLD undergoing
radiotherapy were enrolled. The mean age was 44.8 +
12.5 years (range 22-68), including 57 males
(57.0%) and 43 females (43.0%). Comorbidities
included a family history of fatty liver in 35 patients
(35.0%), type 2 diabetes in 31 (31.0%), and obesity
in 24 (24.0%). Regarding medication use, 23 patients
(23.0%) received hypoglycemic drugs (19 of whom
used metformin), 16 (16.0%) were on lipid-lowering

drugs (13 of whom used atorvastatin), and 26
(26.0%) were taking antihypertensive drugs (15 of
whom used ARBs). Dietary habits revealed frequent
intake of red meat in 54 patients (54.0%), sugary
beverages in 39 (39.0%), and insufficient vegetable
intake (<400 g/day) in 48 (48.0%). Primary tumor
sites were mainly located in the gastrointestinal,
hepatobiliary, gynecologic, breast, and thoracic
regions, and most patients received conventional
fractionated external-beam radiotherapy with
curative intent, while a smaller proportion were
treated with palliative regimens. In typical curative
schedules, the prescribed tumor dose was around 50
-60 Gy in daily fractions of 1.8-2.0 Gy, whereas
common palliative regimens delivered approximately
30 Gy in 10 fractions of 3.0 Gy, resulting in partial
irradiation of the non-tumorous liver in the majority
of cases. These baseline characteristics are consistent
with typical NAFLD profiles in cancer patients,
highlighting multiple metabolic risk factors for
radiation-induced hepatic vulnerability (table 1).
Table 1. Baseline characteristics of the study population.

. Category/ |[Percentage
Indicator valguey (%) J
Age (years) 44.8+12.5 _
ge ly (range 22-68)
Gender (Male/Female) 57/43 57.0/43.0
Family history of fatty liver 35 35.0
Type 2 diabetes 31 31.0
Obesity 24 24.0
Medication history
Hypoglycemic drugs
(Metformin: 19 cases) 23 23.0
Lipid-regulating drugs
(Atorvastatin: 13 cases) 16 16.0
Antihypertensive drugs
(ARBs: 15 cases) 26 26.0
Dietary preferences
Red meat intake 25 times/week 54 54.0
Sugary drinks 23 times/week 39 39.0
Vegetable intake <400 g/day 48 48.0

Anthropometric outcomes

Compared with pre-radiotherapy baseline
measurements, significant improvements were
observed in anthropometric indices after six months
of dietary intervention and completion of
radiotherapy. Both BMI and waist circumference
(WC) decreased significantly (P < 0.05). The
reduction in BMI (mean change: -1.5 kg/m? P =
0.001) and WC (mean change: -4.2 cm, P = 0.002)
indicated reduced abdominal adiposity, suggesting
that the LC-HP diet was effective even under the
metabolic stress of concurrent cancer treatment.
Paired baseline and post-radiotherapy values for BMI
and WC are summarized in table 2.

Metabolic outcomes

Blood lipid and biochemical markers also
demonstrated significant improvements. Relative to
pre-radiotherapy baseline, total cholesterol (TC) and
triglycerides (TG) levels decreased significantly (P =
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0.012 and P = 0.003, respectively). Protein
nutritional indices, including total protein (TP) and
albumin (ALB), increased significantly (P = 0.016 and
P = 0.049). Hemoglobin (Hb) and zinc (Zn) showed
slight increases, though these were not statistically
significant (P = 0.214 and P = 0.352). These findings
indicate that the intervention improved systemic
metabolism and preserved nutritional status during
radiotherapy. Detailed pre- and post-radiotherapy
values of metabolic indicators are presented in table
3.

Table 2. Anthropometric parameters before radiotherapy and
6 months after completion of radiotherapy and LC-HP dietary

intervention (n = 100).

Liver elastography parameters
Transient  elastography  revealed  marked
improvements in hepatic parameters. Liver stiffness
measurements (LSM) declined significantly compared
with pre-radiotherapy baseline (P = 0.015), while CAP
values, reflecting hepatic steatosis, also decreased (P
= 0.003). These findings indicate that the LC-HP
intervention mitigated progression of steatosis and
fibrosis in patients at high risk of radiation-induced
hepatic injury. Baseline and post-radiotherapy CAP
and LSM values are shown in table 5.
Table 5. Liver elastography parameters (CAP and LSM) before
radiotherapy and 6 months after completion of radiotherapy
and LC-HP dietary intervention (n = 100).

Baseline (pre-|6 months post
. i Mean | P-
Parameter radiotherapy)|-radiotherapy changelvalue
[mean = SD] | [mean + SD] &
BMI (kg/m?) 285+3.4 | 27.0+3.2 [ -1.5 [0.001
_ Waist 96.2+87 | 92.0+85 | -4.2 (0.002
circumference (cm)

Table 3. Metabolic indicators before radiotherapy and 6
months after completion of radiotherapy and LC-HP dietary
intervention (n = 100).

. 6 months
Baseline (pre- post- Mean | P-
Parameter radiotherapy)| _ ..
radiotherapy|change|value
[mean + SD] [mean £ SD]

Total cholesterol

(TC, mmol/L) 5.50+0.90 | 5.10+0.85 | -0.40 (0.012

Triglycerides _
(TG, mmol/L) 2.10+0.80 | 1.70+0.70 | -0.40 |0.003

Total protein (TP, g/L)| 69.0 +5.5 71.5+5.3 | +2.5 |0.016

Albumin (ALB, g/L) 40.0 + 3.8 41.2+3.6 | +1.2 |0.049
Hemoglobin (Hb, g/L)| 132 +15 134+ 14 +2 |0.214
Zinc (Zn, pmol/L) 10.5+1.8 10.8+1.9 | +0.3 |0.352

Body composition
Analysis of body composition showed favorable

changes following intervention. Compared with pre-
radiotherapy baseline values, body fat percentage
decreased significantly (P = 0.009), while skeletal
muscle content and protein percentage increased
significantly (P = 0.023 and P = 0.005, respectively).
The water percentage also improved significantly (P
= 0.034). These results suggest that the LC-HP diet
helped maintain lean body mass and prevent
sarcopenia, which is particularly important for
patients undergoing radiotherapy. Corresponding
pre- and post-radiotherapy body composition data
are summarized in table 4.

Table 4. Body composition parameters before radiotherapy

and 6 months after completion of radiotherapy and LC-HP

dietary intervention (n = 100).

. 6 months
Baseline (pre-
R post- Mean | P-
Parameter radiotherapy) dioth h I
[mean # SD] radiotherapy|change|value
- [mean  SD]
Body fat 33.0£58 | 30.8+55 | -2.2 [0.009
percentage (%)
Skeletal muscle | o, 5 | 263444 | +0.8 [0.023
content (kg)
Protein percentage

(% body weight) 16.0+1.1 16.5+1.1 | +0.5 |0.005
Total body water (%)| 48.2+4.0 49.5+4.1 | +1.3 |0.034

Baseline (pre- | 6 months post-
. i Mean | P-
Parameter | radiotherapy) | radiotherapy change | value
[mean % SD] [mean % SD] 8
CAP (dB/m) 302 + 38 276 + 40 -26 [0.003
LSM (kPa) 8.6+2.1 7.8+2.0 -0.8 |0.015

Biochemical and renal function markers

Nutritional and renal function tests demonstrated
a significant increase in prealbumin (PA) levels (P =
0.018), reflecting improved protein status and short-
term nutritional balance. Serum iron (Fe) levels rose
slightly without statistical significance (P = 0.412).
Compared with pre-radiotherapy baseline, renal
markers, including BUN and creatinine (Cr), showed
small, non-significant increases (P = 0.087 and P =
0.152), indicating that renal function remained stable
despite increased protein intake and concurrent
radiotherapy. Paired biochemical and renal function
data before and after radiotherapy are summarized in
table 6.

Table 6. Biochemical nutritional and renal function markers
before radiotherapy and 6 months after completion of
radiotherapy and LC-HP dietary intervention (n = 100).

Baseline (pre- 6 months
. P post- Mean | P-
Parameter radiotherapy) ioth h |
[mean # SD] radiotherapy [change|value
B [mean % SD]
Prealbumin (PA, | 516,40 | 230+42 | +20 |0.018
mg/L)
Iron (Fe, umol/L) 145+4.0 15.0+4.2 +0.5 [0.412
Blood urea nitro-
lgen (BUN, mmol/L) 56+1.4 59+1.5 +0.3 (0.087
Creatinine (Cr, 72415 74+ 15 +2 {0.152
umol/L)
Immune function
Immune parameters improved significantly

following the intervention. Compared with pre-
radiotherapy baseline, lymphocyte counts (Ly)
increased markedly (P<0.001), suggesting that the LC
-HP diet contributed to improved immune
competence during radiotherapy. This finding is
noteworthy given the well-documented risk of
radiotherapy-induced lymphopenia and its
association with adverse oncologic outcomes.
Matched lymphocyte counts before and after
radiotherapy are presented in table 7.
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Table 7. Lymphocyte counts before radiotherapy and 6
months after completion of radiotherapy and LC-HP dietary
intervention (n = 100).

Baseline (pre-| 6 months post-
Parameter |radiotherapy)| radiotherapy
[mean £ SD] | [mean = SD]

Mean | P-
change| value

Lymphocyte

* +
count (x10°/L) 1.35+0.40 1.70+0.45 | +0.35 |<0.001

DISCUSSION

Non-alcoholic fatty liver disease (NAFLD) is
increasingly recognized as a critical comorbidity in
oncology, where impaired hepatic reserve can limit
radiotherapy tolerance and worsen treatment
outcomes. The recent shift in nomenclature to
metabolic dysfunction-associated fatty liver disease
(MAFLD) highlights its strong metabolic and
oncologic  associations (1),  While nutritional
strategies remain the cornerstone of NAFLD
management (12 13), few studies have explored their
role in patients receiving radiotherapy, a setting
where hepatic vulnerability is heightened. In this
prospective cohort of NAFLD patients undergoing
external-beam radiotherapy, we observed that an
isocaloric low-carbohydrate high-protein (LC-HP)
diet was associated with improved body composition,
more favorable metabolic and hepatic profiles, and
enhanced lymphocyte counts at 6 months after
completion of radiotherapy, suggesting a potential
role for structured nutritional support in mitigating
radiation-related stress on the liver and immune
system.

In this study, an isocaloric low-carbohydrate high-
protein  (LC-HP) diet produced significant
improvements in body composition, metabolic
indices, hepatic parameters, and immune function
despite concurrent radiotherapy. These observations
are broadly consistent with previous NAFLD trials in
non-oncologic populations, where carbohydrate
restriction and increased protein intake improved
steatosis, insulin resistance, and anthropometric
indices (14.15), but our data extend these findings to a
more complex clinical context in which patients are
exposed to radiotherapy and cancer-related
catabolism. These results extend prior evidence that
dietary interventions can modulate steatosis and
fibrosis by demonstrating added relevance in a
cancer care context (16.17),

The observed reductions in BMI and waist
circumference, alongside preservation of skeletal
muscle, are especially important in oncology, where
sarcopenia is linked to poor radiotherapy tolerance
and survival. Likewise, improvements in albumin and
prealbumin suggest enhanced protein reserves, a
critical factor given the protein-energy malnutrition
commonly induced by cancer therapy. Several studies
have shown that baseline and treatment-related loss
of skeletal muscle mass are associated with higher

rates of treatment interruption, increased toxicity,
and inferior survival across different solid tumors (18,
19); therefore, nutritional strategies that attenuate
muscle wasting may have downstream effects on
radiotherapy compliance and oncologic outcomes
even if survival was not directly assessed in the
present study (20.21),

Transient elastography confirmed reductions in
CAP and LSM, indicating improved hepatic steatosis
and fibrosis. These findings are clinically meaningful
since pre-existing fatty liver disease increases
susceptibility to radiation-induced liver disease
(RILD), whose mechanisms include veno-occlusive
changes, oxidative stress, and hepatocyte senescence
(22-24), Nutritional optimization through an LC-HP diet
may therefore reduce baseline hepatic vulnerability
and improve resilience to radiation. In addition,
consensus guidelines in nutritional management
emphasize that in patients with chronic liver disease,
maintaining protein intake is safe and beneficial for
liver repair and functional reserve (25 26). Previous
work in NAFLD cohorts has shown that reductions in
CAP and LSM translate into lower risks of
progression to advanced fibrosis and cirrhosis, and
that transient elastography can detect meaningful
changes in liver status over periods of 6-12 months
(27.28), The fact that CAP and LSM improved in our
patients despite partial hepatic irradiation suggests
that adequate dietary support may counterbalance
some of the deleterious metabolic and inflammatory
effects of radiotherapy on the liver, although a direct
causal relationship cannot be proven from this
observational design.

A further novel finding is the increase in
lymphocyte counts following intervention.
Radiotherapy-induced lymphopenia (RIL) is well
documented and correlates with impaired immune
surveillance, reduced treatment response, and worse
oncologic outcomes (9. One recent review
emphasizes  that lymphocytes are  highly
radiosensitive even at low doses (<1 Gy), making
them vulnerable during radiotherapy, and RIL has
been associated with poorer survival across multiple
tumor types (30.31), In fact, meta-analyses have shown
RIL to be a prognostic factor in solid tumor patients
receiving RT (hazard ratio for overall survival) (32).
Nutritional  support that bolsters immune
competence may thus partially counteract RT-
induced immunosuppression and provide a clinical
advantage in cancer therapy. Our finding of higher
lymphocyte counts after radiotherapy and dietary
intervention is therefore hypothesis-generating and
suggests that adequate protein intake and overall
nutritional status might modulate the depth or
duration of lymphopenia; future studies should
incorporate serial lymphocyte subsets and correlate
them with dosimetric parameters and clinical
endpoints to clarify this relationship.

Beyond immune and hepatic effects, radiotherapy
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often causes weight loss, changes in lean mass, and
malnutrition that impair tolerance to treatment.
Clinical experience supports that maintaining
adequate protein and energy intake during RT
improves outcomes and reduces complications 33). A
systematic review of nutritional support during
chemoradiotherapy also finds benefit in preserving
weight and lean mass, particularly when high-protein
or n-3 enriched supplements are used 34. Our results
align with this literature by showing preservation of
skeletal muscle and protein indices in a population
with coexisting NAFLD, a group that is at risk not
only for treatment-related malnutrition but also for
progression of underlying liver disease. Thus, the LC-
HP intervention may serve as a bridge between
hepatology and radiation oncology by simultaneously
addressing metabolic risk and treatment tolerance.

Taken together, these findings demonstrate that
an LC-HP diet not only improves metabolic and
hepatic parameters in NAFLD patients but also
confers potential supportive benefits during
radiotherapy by preserving lean mass, optimizing
nutritional status, enhancing immune resilience, and
reducing hepatic vulnerability. Nonetheless, several
limitations must be acknowledged. This was a single-
center study without a control arm, the sample size
was modest, and the follow-up period was relatively
short. Although we collected basic liver dose-volume
parameters (such as mean liver dose and V20/V30),
the study was not powered or designed to perform
detailed dose-response analyses, and we did not
systematically capture clinical RILD or long-term
hepatic toxicity outcomes, which limits our ability to
directly correlate diet-induced changes in
elastography with radiotherapy tolerance or toxicity.
In addition, the observational nature of the study
precludes firm causal inferences, and residual
confounding by tumor site, systemic therapies, and
baseline nutritional status cannot be excluded.
Future multicenter randomized trials should
integrate radiation dosimetry, immune outcomes,
advanced imaging biomarkers, and long-term
oncologic endpoints to firmly establish LC-HP diets
as adjunctive supportive therapy in radiotherapy.
Such studies should also compare LC-HP diets with
other evidence-based dietary patterns for NAFLD,
include control groups receiving standard care, and
explore patient-reported outcomes and quality of life
to better define the role of nutritional interventions
in comprehensive radiotherapy support.

CONCLUSION

Over a six-month period spanning the course of
external-beam radiotherapy and follow-up, an
isocaloric low-carbohydrate high-protein diet was
associated with improved hepatic steatosis, fibrosis,
metabolic status, and immune function in NAFLD
patients undergoing radiotherapy. These findings

suggest that structured nutritional interventions,
monitored with non-invasive imaging such as
transient elastography, may represent a valuable
strategy to enhance hepatic resilience and treatment
tolerance in oncology. However, as this was a single-
center observational study without a control arm,
causal relationships cannot be  confirmed.
Confirmation in larger, controlled studies is
warranted.
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