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Introduction

Autoimmune diseases constitute a heterogeneous 
group of disorders characterized by aberrant immune 
responses directed against self-antigens, resulting in 
chronic inflammation and tissue damage across multiple 
organ systems [1]. These conditions collectively affect 
approximately 5–10% of the global population, with 
prevalence rates varying considerably across geographic 
regions, ethnicities, and sex [2]. In the Asia Pacific region, 
the epidemiological landscape of autoimmune diseases 
presents distinctive features, with notable variations in 
the prevalence of specific conditions such as systemic 
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lupus erythematosus (SLE), which demonstrates 
particularly high incidence among East and Southeast 
Asian populations [3].

Patients with autoimmune diseases carry a well-
documented elevated risk of developing various 
malignancies. This increased cancer susceptibility 
arises from a complex interplay of chronic immune 
activation, the use of immunosuppressive medications, 
shared genetic susceptibility loci, and disease-specific 
pathological processes [4]. Epidemiological data indicate 
that individuals with rheumatoid arthritis (RA) have an 
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increased risk of lymphoproliferative disorders, patients 
with inflammatory bowel disease (IBD) face elevated 
colorectal cancer risk, and those with dermatomyositis 
exhibit particularly striking associations with a range of 
solid tumors [5, 6]. Consequently, radiation oncologists 
will inevitably encounter patients with concurrent 
autoimmune disease in their clinical practice.

Radiotherapy remains a cornerstone of modern 
oncological treatment, employed with curative or palliative 
intent in approximately 50% of all cancer patients during 
the course of their disease [7]. The therapeutic efficacy 
of ionizing radiation derives from its capacity to induce 
lethal DNA damage in tumor cells, primarily through the 
generation of double-strand breaks and the formation 
of reactive oxygen species [8]. However, the biological 
effects of radiation are not confined to malignant tissue; 
adjacent normal tissues inevitably receive some degree 
of radiation exposure, leading to acute and late toxicities 
that define the therapeutic window of radiation treatment.

The intersection of radiotherapy and autoimmune 
disease represents a clinical scenario of considerable 
complexity. Theoretical and empirical evidence suggests 
that pre-existing autoimmune conditions may amplify the 
detrimental effects of radiation on normal tissues through 
several mechanisms, including impaired DNA damage 
repair pathways, dysregulated inflammatory responses, 
compromised microvascular integrity, and the concurrent 
use of immunosuppressive agents that may themselves 
alter radiosensitivity [9, 10]. The seminal concern is that 
irradiating tissues already subject to chronic immune-
mediated injury may precipitate disproportionately 
severe toxicities, potentially necessitating treatment 
interruptions, dose reductions, or premature cessation of 
therapy, all of which compromise oncological outcomes.

Despite the clinical importance of this issue, the 
evidence base informing the management of autoimmune 
disease patients requiring radiotherapy remains limited, 
consisting predominantly of retrospective studies, case 
series, and expert consensus rather than prospective 
randomized trials [11]. The historical guidance from 
the American College of Radiology, which once listed 
connective tissue diseases as relative contraindications 
to radiotherapy, has been progressively refined as 
more nuanced data have emerged [12]. Nevertheless, 
considerable uncertainty persists regarding which specific 
autoimmune conditions confer the greatest risk, the 
magnitude of excess toxicity, and the optimal strategies 
for risk mitigation.

This review aims to provide a comprehensive 
synthesis of the current evidence on radiotherapy in 
patients with autoimmune diseases. We examine the 
pathophysiological mechanisms underlying increased 
radiosensitivity, critically appraise the clinical data 
stratified by specific autoimmune condition, and 
delineate practical management strategies encompassing 
multidisciplinary assessment, treatment planning 
modifications, and supportive care approaches. The review 
also addresses emerging technologies and biomarkers that 
may improve the therapeutic ratio in this vulnerable patient 
population, with particular attention to considerations 

relevant to the Asia Pacific context.

Pathophysiological Basis for Increased Radiosensitivity 
in Autoimmune Diseases

Understanding the biological mechanisms by which 
autoimmune diseases potentiate radiation-induced tissue 
injury is essential for rational clinical decision-making. 
The increased radiosensitivity observed in autoimmune 
disease patients is multifactorial, involving interconnected 
pathways at the molecular, cellular, and tissue levels.

Impaired DNA Damage Repair
Ionizing radiation exerts its cytotoxic effects primarily 

through the induction of DNA double-strand breaks, the 
most lethal form of DNA damage [8]. The cellular response 
to such damage involves the coordinated activation 
of multiple repair pathways, including homologous 
recombination and non-homologous end joining. Several 
autoimmune conditions are associated with intrinsic 
defects in DNA repair capacity. In SLE, antibodies 
directed against components of the DNA repair machinery, 
including anti-Ku and anti-DNA-PKcs antibodies, may 
functionally compromise the non-homologous end joining 
pathway [13]. Furthermore, polymorphisms in DNA repair 
genes such as XRCC1 and XRCC3 have been reported at 
elevated frequencies in patients with autoimmune diseases, 
potentially impairing the efficiency of base excision repair 
and homologous recombination, respectively [14]. These 
pre-existing deficiencies in DNA repair may render normal 
tissues more susceptible to radiation-induced genomic 
damage, resulting in enhanced cell death and tissue injury.

Dysregulated Inflammatory and Cytokine Responses
Radiation-induced tissue damage triggers an acute 

inflammatory response characterized by the release of 
pro-inflammatory cytokines, including tumor necrosis 
factor-alpha (TNF-α), interleukin-1 (IL-1), interleukin-6 
(IL-6), and transforming growth factor-beta (TGF-β) 
[15]. In patients with autoimmune diseases, the baseline 
inflammatory milieu is already significantly perturbed, 
with chronically elevated levels of many of these same 
mediators. The superimposition of radiation-induced 
inflammation upon this dysregulated background may 
generate a synergistic amplification of the inflammatory 
cascade, resulting in exaggerated acute tissue damage 
[16]. Moreover, the persistent activation of pro-fibrotic 
pathways, particularly through TGF-β signaling, is central 
to the pathogenesis of late radiation toxicity and is also a 
hallmark of several autoimmune conditions, most notably 
systemic sclerosis (SSc) [17]. This convergence of pro-
fibrotic signaling may explain the particularly severe 
fibrotic complications observed when patients with SSc 
undergo radiotherapy.

Microvascular Dysfunction
Radiation-induced vascular injury, characterized 

by endothelial cell damage, intimal fibrosis, and 
progressive luminal narrowing, constitutes a major 
pathogenic mechanism underlying late radiation toxicity 
[18]. Many autoimmune diseases, particularly SSc, 
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dermal and visceral fibrosis, and impaired tissue repair, 
create an inherently hostile environment for radiation 
tolerance. Retrospective analyses have demonstrated that 
patients with SSc who receive radiotherapy experience 
significantly elevated rates of severe late toxicities, 
including grade 3–4 fibrosis, soft tissue necrosis, and joint 
contracture in irradiated fields [27, 28]. In a landmark 
systematic review by Lin et al. [29], approximately 50% 
of SSc patients treated with radiotherapy developed 
severe late complications, compared with background 
rates of 5–10% in the general population. The risk 
appears particularly pronounced for truncal and extremity 
irradiation, where the fibrotic predisposition of SSc is 
most evident. However, it is important to note that not 
all SSc patients experience catastrophic outcomes, and 
some series have reported acceptable toxicity profiles 
with carefully planned treatment, particularly for breast 
irradiation using modern techniques [30]. The diffuse 
cutaneous variant of SSc appears to confer greater risk 
than the limited cutaneous variant, although the data are 
insufficient for definitive stratification [31].

Systemic Lupus Erythematosus
SLE is a prototypical systemic autoimmune disease 

with the potential to affect virtually every organ system. 
The relationship between SLE and radiation toxicity 
has been evaluated in several retrospective studies, with 
somewhat heterogeneous results. Early case reports 
raised significant concerns regarding severe acute and 
late toxicities in SLE patients receiving radiotherapy, 
including severe mucositis, radiation pneumonitis, and 
accelerated fibrosis [32]. However, larger retrospective 
series have provided a more nuanced picture. A study by 
Chen et al. [33] evaluating 80 SLE patients who received 
radiotherapy found an overall rate of severe toxicity of 
approximately 15–20%, which was elevated compared 
with matched controls but substantially lower than the 
rates reported for SSc. The risk appeared to correlate with 
disease activity at the time of irradiation, with patients 
receiving active immunosuppressive therapy for disease 
flares demonstrating higher toxicity rates [34]. Notably, 
SLE patients treated with breast or pelvic radiotherapy 
using conventional fractionation generally tolerated 
treatment reasonably well, suggesting that the risk, while 
real, may be manageable with appropriate precautions [9].

Rheumatoid Arthritis
RA is the most prevalent inflammatory autoimmune 

condition and therefore the autoimmune disease most 
commonly encountered in radiation oncology practice. 
The evidence regarding RA and radiation toxicity is 
generally reassuring. Multiple retrospective studies have 
demonstrated that RA patients tolerate radiotherapy 
without significantly elevated rates of severe toxicity, 
although modest increases in mild to moderate acute 
reactions have been reported in some series [35, 36]. 
A large institutional analysis by Gold et al. [27] found 
no statistically significant increase in grade 3 or higher 
toxicity among RA patients compared with the general 
population. However, caution is warranted in patients 

SLE, and vasculitides, are associated with pre-existing 
microvascular dysfunction, including endothelial 
activation, impaired vascular repair, and obliterative 
vasculopathy [19]. The combination of radiation-induced 
and autoimmune-mediated vascular damage may produce 
synergistic microvascular compromise, accelerating 
tissue ischemia, fibrosis, and necrosis. In SSc, where 
Raynaud phenomenon reflects the severity of underlying 
microvascular disease, this pathological synergy is 
clinically evident in the dramatically elevated rates of 
severe radiation-induced fibrosis and soft tissue necrosis 
reported in irradiated fields [20].

Effects of Immunosuppressive Therapy
The majority of patients with active autoimmune 

diseases receive immunosuppressive medications, 
many of which possess radiosensitizing properties. 
Methotrexate, a folate antagonist widely used in RA and 
other conditions, inhibits DNA synthesis and repair and 
has been associated with enhanced radiation mucositis 
and dermatitis in clinical reports [21]. Cyclophosphamide, 
employed in severe SLE and vasculitis, is itself a 
DNA-alkylating agent with additive DNA-damaging 
effects when combined with radiation [22]. Biologic 
agents targeting TNF-α, while reducing inflammation, 
may theoretically impair normal tissue recovery by 
suppressing the adaptive immune responses necessary for 
tissue repair [23]. Conversely, some immunosuppressive 
agents, including corticosteroids, may attenuate the acute 
inflammatory component of radiation toxicity, creating 
a complex pharmacological interplay that is difficult to 
predict in individual patients [24].

Aberrant Fibrotic Remodeling
Late radiation toxicity is predominantly characterized 

by progressive fibrosis of irradiated tissues. The 
pathogenesis involves sustained activation of fibroblasts, 
excessive deposition of extracellular matrix components, 
and impaired matrix remodeling [25]. Autoimmune 
conditions associated with fibrotic phenotypes, notably 
SSc and to a lesser extent SLE with skin involvement, 
may predispose to accelerated and more severe radiation-
induced fibrosis. The shared involvement of the TGF-β/
Smad signaling axis in both autoimmune fibrosis and 
radiation fibrosis suggests a mechanistic convergence 
that compounds tissue injury in affected patients [17, 26].

Clinical Evidence by Autoimmune Disease
The clinical evidence regarding radiotherapy 

outcomes in patients with specific autoimmune diseases 
is reviewed below, with attention to the quality and 
limitations of available data.

Systemic Sclerosis
SSc represents the autoimmune condition most 

consistently associated with severe radiation toxicity, 
and it has historically been regarded as a near-absolute 
contraindication to radiotherapy by many radiation 
oncologists [12]. The pathophysiological features of 
SSc, including widespread microvascular obliteration, 
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receiving concurrent methotrexate, which may potentiate 
mucositis and dermatitis, particularly in head and neck and 
upper gastrointestinal irradiation fields [21]. Additionally, 
RA patients with joint involvement adjacent to irradiation 
fields may experience exacerbation of articular symptoms 
[37].

Inflammatory Bowel Disease
IBD, encompassing Crohn disease and ulcerative 

colitis, presents specific challenges when pelvic or 
abdominal radiotherapy is required, as the already 
inflamed gastrointestinal mucosa may exhibit heightened 
radiosensitivity. Clinical evidence supports this concern: 
retrospective studies have demonstrated elevated rates of 
acute gastrointestinal toxicity, including severe diarrhea, 
proctitis, and bowel perforation, in IBD patients receiving 
pelvic radiotherapy [38]. Willett et al. [38] reported that 
approximately 30% of IBD patients treated with pelvic 
radiotherapy developed severe acute gastrointestinal 
complications requiring treatment modification, compared 
with approximately 10% in the general population. The 
risk appears to be particularly pronounced in Crohn 
disease, where transmural inflammation and skip lesions 
may create focal areas of extreme radiosensitivity. 
Late complications, including stricture formation and 
fistulization, are also more frequent. For irradiation of 
sites distant from the gastrointestinal tract, IBD patients 
do not appear to carry significantly elevated risk [38].

Dermatomyositis and Polymyositis
The inflammatory myopathies, particularly 

dermatomyos i t i s ,  p resen t  a  un ique  c l in ica l 
scenario because of the strong association between 
dermatomyositis and underlying malignancy, which 
may necessitate radiotherapy as part of cancer treatment 
[6]. The cutaneous manifestations of dermatomyositis, 
including photosensitivity and skin fragility, raise 
theoretical concerns regarding enhanced radiation 
dermatitis. Clinical data, while limited to case reports 
and small series, suggest an increased risk of severe skin 
reactions and potentially of radiation-induced myositis 
when treatment fields encompass skeletal muscle already 
affected by inflammatory myopathy [39]. However, the 
evidence base is insufficient to draw firm conclusions, 

and management must be individualized.

Multiple Sclerosis
Multiple sclerosis (MS) is a demyelinating autoimmune 

disease primarily affecting the central nervous system. 
When cranial or spinal radiotherapy is indicated in MS 
patients, there are theoretical concerns regarding enhanced 
neurotoxicity and potential exacerbation of demyelination 
[40]. The clinical evidence, derived predominantly 
from case reports, provides conflicting signals: some 
patients tolerate cranial irradiation without neurological 
deterioration, while others experience significant 
exacerbation of MS symptoms following treatment [40]. 
The risk may be modulated by disease activity, the extent 
of pre-existing demyelinating burden, and the specific 
neuroanatomical relationship between the irradiation 
field and existing plaques. For radiotherapy targeting 
sites distant from the central nervous system, MS does 
not appear to confer appreciable excess risk [11].

Other Autoimmune Conditions
Less extensive data are available for other autoimmune 

diseases, including Sjögren syndrome, ankylosing 
spondylitis, autoimmune thyroiditis, psoriasis, and 
autoimmune hepatitis. Sjögren syndrome may predispose 
to enhanced salivary gland toxicity during head and neck 
irradiation, with accelerated xerostomia [41]. Ankylosing 
spondylitis, while historically treated with spinal 
irradiation in the pre-biologic era, does not appear to 
significantly increase toxicity from therapeutic irradiation 
at other sites [42]. Overall, the principle that autoimmune 
conditions involving the same organ system as the 
irradiation target carry the greatest risk applies broadly 
across the spectrum of autoimmune diseases.

Management Strategies
The management of autoimmune disease patients 

requiring radiotherapy demands a systematic, 
multidisciplinary approach that balances oncological 
imperatives with the mitigation of excess toxicity risk. 
A summary of the toxicity risk stratified by autoimmune 
disease is presented in Table 1. The proposed management 
algorithm is illustrated in Figure 1. The following 
strategies represent current best practices informed by 

Table 1. Summary of Radiotherapy Toxicity Risk by Autoimmune Disease

RT, radiotherapy; GI, gastrointestinal; H&N, head and neck.

Autoimmune Disease Toxicity Risk Level Key Toxicities General Recommendation

Systemic sclerosis Very High Severe fibrosis, necrosis, 
contracture

Avoid if possible; if essential, modern techniques with 
dose reduction

Systemic lupus erythematosus Moderate–High Mucositis, pneumonitis, 
enhanced fibrosis

Proceed with caution; manage disease activity; monitor 
closely

Rheumatoid arthritis Low–Moderate Mild increase in acute 
reactions

Generally safe; caution with concurrent methotrexate

Inflammatory bowel disease High (pelvic RT) Severe GI toxicity, 
perforation, stricture

Avoid pelvic RT if possible; advanced techniques to 
spare bowel

Dermatomyositis Moderate–High Severe dermatitis, myositis Individualize; monitor skin and muscle carefully

Multiple sclerosis Moderate (cranial RT) Demyelination 
exacerbation

Avoid cranial fields near plaques; standard risk for 
distant sites

Sjögren syndrome Moderate (H&N RT) Accelerated xerostomia Parotid-sparing techniques essential
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available evidence and expert consensus.

Multidisciplinary Pre-treatment Assessment
Prior to initiating radiotherapy, a comprehensive 

multidisciplinary evaluation involving radiation oncology, 
rheumatology or relevant subspecialty, and medical 
oncology is essential [11]. The assessment should 
characterize the specific autoimmune diagnosis, current 
disease activity, extent of organ involvement, the presence 
of active flares versus stable remission, and the complete 
immunosuppressive medication regimen. Disease-specific 
considerations must be evaluated: the subtype and extent 
of SSc, the serological activity of SLE, the mucosal 
status in IBD, and the neurological burden in MS. This 
evaluation serves to stratify individual risk and inform 
subsequent treatment planning decisions. A documented 
record of baseline organ function, including pulmonary 

function tests for thoracic irradiation, dermatological 
assessment of the skin in planned irradiation fields, and 
relevant organ-specific biomarkers, provides an essential 
reference for monitoring treatment-related changes [33].

Individualized Dose and Fractionation Strategies
For patients identified as being at elevated risk 

of radiation toxicity, modifications to standard 
dose-fractionation regimens may be warranted. 
Hypofractionation, which delivers larger daily fractions 
over a shorter overall treatment time, may be considered 
with caution in selected clinical scenarios, as larger 
fraction sizes are generally associated with increased late 
effects; however, the shorter overall treatment course may 
benefit patients with progressive autoimmune disease [43]. 
Conversely, hyperfractionation or modest dose reductions 
have been proposed as strategies to reduce late toxicity, 

Table 2. Immunosuppressive Medications and Radiotherapy Interactions
Medication Mechanism of Interaction Potential Toxicity Management Recommendation

Methotrexate Impaired DNA synthesis and repair Enhanced mucositis, dermatitis Consider dose reduction or hold during RT to 
mucosal sites

Cyclophosphamide DNA alkylation; additive damage Myelosuppression, mucosal injury Avoid overlap with RT delivery

TNF-α inhibitors Suppressed tissue repair signaling Uncertain; potentially impaired healing Continue with close monitoring; case-by-case 
decision

Corticosteroids Anti-inflammatory; 
impaired wound healing

Reduced acute inflammation; delayed 
healing

Continue at lowest effective dose

Mycophenolate mofetil Antiproliferative; impaired cell 
renewal

Possible enhanced mucosal toxicity Monitor closely; adjust based on toxicity

Rituximab B-cell depletion Uncertain RT interaction Continue; monitor for immune-related 
complications

RT, radiotherapy; TNF-α, tumor necrosis factor-alpha.

Figure 1. Algorithm for the Proposed Management Approach
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although the impact on oncological efficacy must be 
carefully weighed [44]. In practice, the most common 
approach involves the use of standard fractionation 
with reduced overall dose when feasible, though robust 
evidence supporting specific dose reduction thresholds is 
lacking. For patients with SSc or other high-risk conditions 
requiring curative-intent radiotherapy, treatment decisions 
should be made on a case-by-case basis, weighing the 
risk of severe toxicity against the consequences of under-
treatment [11].

Advanced Radiation Delivery Techniques
Modern radiation technologies offer substantial 

opportunities to minimize normal tissue exposure, which 
is particularly valuable in autoimmune disease patients. 
Intensity-modulated radiotherapy (IMRT) enables precise 
sculpting of dose distributions to conform to target 
volumes while reducing dose to adjacent organs at risk 
[45]. Volumetric modulated arc therapy (VMAT) provides 
similar conformality with improved treatment delivery 
efficiency. These techniques are now standard of care 
for many treatment sites and should be preferentially 
employed in autoimmune disease patients.

Stereotactic body radiotherapy (SBRT) delivers highly 
focused radiation in a small number of fractions with 
steep dose gradients, dramatically reducing the volume 
of normal tissue exposed to significant radiation doses 
[46]. For appropriately selected tumors, SBRT may offer a 
favorable therapeutic ratio in autoimmune disease patients 
by limiting the radiation exposure of surrounding tissues. 
However, the higher per-fraction doses inherent to SBRT 
raise theoretical concerns regarding late effects in tissues 
with impaired repair capacity, and prospective data in 
autoimmune populations remain scarce.

Proton beam therapy, by virtue of the Bragg peak 
effect, deposits minimal exit dose beyond the target 
volume, offering a dosimetric advantage over photon-
based techniques in terms of integral dose to normal 
tissues [47]. Although data specifically evaluating proton 
therapy in autoimmune disease patients are extremely 
limited, the physical properties of proton beams make 
them an attractive option for reducing toxicity in this 
population, particularly for thoracic, abdominal, and 
cranial irradiation sites. The limited availability and 
higher cost of proton therapy, especially in the Asia Pacific 
region, currently restrict its widespread application [48].

Management of Immunosuppressive Medications
The management of immunosuppressive therapy 

during radiotherapy requires careful coordination between 
the radiation oncologist and the treating rheumatologist 
or immunologist. The decision to continue, modify, or 
temporarily suspend immunosuppressive medications 
must balance the risk of radiation toxicity potentiation 
against the risk of autoimmune disease flare [49]. 
A summary of common immunosuppressive agents and 
their interactions with radiotherapy is provided in Table 2.

General principles include the following: methotrexate 
should be used with caution during radiotherapy, 
particularly when treatment fields include mucosal 

surfaces, and temporary dose reduction or interruption 
may be considered in consultation with the rheumatologist 
[21]. Cyclophosphamide and other alkylating agents 
should ideally not overlap with radiotherapy delivery 
due to additive DNA-damaging effects [22]. Biologic 
agents, including TNF-α inhibitors and B-cell depleting 
therapies, have uncertain interactions with radiation and 
may be continued with close monitoring unless clinical 
circumstances suggest otherwise [23, 50]. Corticosteroids 
may have a dual role, potentially mitigating acute 
radiation-induced inflammation while also contributing to 
impaired wound healing; their continuation at the lowest 
effective dose is generally recommended [24]. A planned 
approach to medication management, documented prior 
to treatment initiation, reduces the risk of ad hoc decisions 
during therapy.

Supportive Care and Monitoring
Proactive supportive care is integral to the management 

of autoimmune disease patients during radiotherapy. 
Aggressive prophylactic skin care, including emollient 
application and avoidance of irritants, is recommended 
for all patients and is particularly important for those with 
dermatological autoimmune conditions [51]. For patients 
receiving pelvic radiotherapy with concurrent IBD, close 
collaboration with gastroenterology and the early initiation 
of antidiarrheal and mucosal protective agents may 
reduce acute toxicity [38]. Weekly clinical assessments 
during treatment, with a low threshold for imaging or 
laboratory investigation of emerging symptoms, enable 
early detection and management of complications. 
Post-treatment surveillance should be intensified in 
autoimmune disease patients, as late toxicities may 
manifest months to years following irradiation and may be 
difficult to distinguish from progression of the underlying 
autoimmune condition [10].

Emerging Approaches and Future Directions

Biomarkers for Radiosensitivity Prediction
The ability to prospectively identify autoimmune 

disease patients at the highest risk of radiation toxicity 
would represent a major advance in clinical management. 
Several candidate biomarkers are under investigation. 
Assays measuring the efficiency of DNA double-strand 
break repair, such as the gamma-H2AX foci assay, 
have demonstrated potential for predicting individual 
radiosensitivity in preliminary studies [52]. The clonogenic 
survival assay of skin fibroblasts remains a research tool 
for assessing intrinsic radiosensitivity, although its clinical 
applicability is limited by the time required for cell culture 
[53]. Circulating cytokine profiles, including baseline 
levels of TGF-β, IL-6, and TNF-α, may provide accessible 
and rapidly obtainable indicators of fibrotic propensity and 
inflammatory predisposition [54]. Genetic polymorphisms 
in DNA repair genes and radiation-responsive genes 
represent another avenue for risk stratification, with 
several candidate single-nucleotide polymorphisms 
identified in population studies, though validation in 
autoimmune disease cohorts is needed [55].
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Radiogenomics and Precision Medicine
The burgeoning field of radiogenomics seeks to 

identify genetic determinants of radiation response that 
can be integrated into clinical decision-making [56]. 
Genome-wide association studies have identified several 
loci associated with radiation toxicity susceptibility in the 
general population, and the integration of autoimmune 
disease-specific genetic information with radiogenomic 
data may enable the development of composite risk models 
with improved predictive accuracy [57]. Machine learning 
approaches combining clinical variables, genomic 
data, dosimetric parameters, and autoimmune disease 
characteristics hold promise for individualized toxicity 
prediction, although prospective validation studies are 
required [58].

Immunotherapy-Radiotherapy Interactions
The increasing use of immune checkpoint inhibitors 

in oncological practice introduces an additional layer of 
complexity for autoimmune disease patients requiring 
combined modality treatment. Checkpoint inhibitors carry 
significant risks of exacerbating autoimmune disease, and 
their combination with radiotherapy may further amplify 
both anti-tumor immune responses and autoimmune 
toxicity [59]. The abscopal effect, whereby radiation at 
one site induces immune-mediated regression at distant 
sites, is of particular scientific interest but also raises 
concerns regarding the potential for widespread immune 
activation in patients with pre-existing autoimmune 
dysregulation [60]. The management of autoimmune 
disease patients receiving concurrent radiotherapy and 
immunotherapy remains a rapidly evolving area requiring 
careful multidisciplinary oversight.

Image-Guided and Adaptive Radiotherapy
Advances in image guidance and adaptive radiotherapy 

allow real-time monitoring and adjustment of treatment 
plans in response to anatomical changes and treatment-
related tissue alterations. Daily image-guided radiotherapy 
using cone-beam computed tomography enables precise 
target localization and margin reduction, minimizing 
unnecessary irradiation of normal tissues [61]. Adaptive 
radiotherapy, in which treatment plans are modified during 
the course of treatment based on observed changes in tumor 
volume and normal tissue geometry, may be particularly 
valuable for autoimmune disease patients in whom early 
tissue reactions necessitate replanning to avoid escalating 
toxicity [62]. The incorporation of functional imaging 
modalities, such as positron emission tomography and 
magnetic resonance imaging, into the adaptive planning 
process may further enhance the ability to balance tumor 
control with normal tissue protection [63].

Considerations for the Asia Pacific Region
The management of autoimmune disease patients 

requiring radiotherapy in the Asia Pacific region is shaped 
by several region-specific factors. The prevalence and 
phenotypic expression of autoimmune diseases vary across 
Asian populations, with SLE being notably more common 
and often more severe in East and Southeast Asian patients 

compared with Western populations [3]. Genetic variations 
in drug-metabolizing enzymes and DNA repair genes 
among Asian populations may influence both autoimmune 
disease susceptibility and radiation sensitivity, although 
specific data linking these polymorphisms to clinical 
outcomes in the context of concurrent autoimmune disease 
and radiotherapy are lacking [3]. Access to advanced 
radiation technologies, including IMRT, SBRT, and 
proton therapy, varies widely across the region, with 
high-resource centers in Japan, South Korea, Australia, 
and Singapore contrasting with more limited availability 
in many lower-income settings [64]. The development of 
region-specific clinical guidelines and prospective registry 
studies would significantly enhance the evidence base 
for managing this complex patient population in the Asia 
Pacific context.

In conclusion, radiotherapy in patients with 
autoimmune diseases requires careful consideration of 
the complex interplay between radiation biology and 
immune dysregulation. The evidence indicates that the 
risk of radiation toxicity is not uniform across autoimmune 
conditions: SSc carries the highest risk and warrants the 
greatest caution, while RA and many other conditions 
confer more modest excess risk that can generally be 
managed with appropriate precautions. The fundamental 
principles of management include comprehensive 
multidisciplinary assessment, individualized treatment 
planning with advanced radiation technologies to minimize 
normal tissue exposure, coordinated immunosuppressive 
medication management, and proactive supportive 
care with enhanced surveillance. The integration of 
emerging biomarkers, radiogenomic approaches, and 
adaptive treatment strategies holds promise for further 
improving the therapeutic ratio in this vulnerable 
population. Prospective, multicenter studies incorporating 
standardized toxicity assessment and long-term follow-up 
are urgently needed to strengthen the evidence base and 
enable the development of robust clinical guidelines, 
particularly within the Asia Pacific region where the 
burden of autoimmune disease and cancer converges in a 
context of evolving oncological infrastructure.
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