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Introduction 

Owing to the increased incidence and surveillance of tumors, radi-

ation therapy (RT) has become a vital component of oncological 

therapeutics [1]. RT has dramatically improved the survival and 

longevity of patients with breast and thoracic malignancy; howev-

er, collateral damage to nearby structures has led to inevitable 

complications that compromise the overall treatment yield. Radia-

tion-induced heart disease (RIHD) has gained more recognition as 

a significant source of morbidity and mortality in cancer survivors 

[2-5]. Cardiac dysfunction due to radiation comprises a spectrum 

of acute and chronic manifestations of heart disease—pericarditis, 

Radiation therapy (RT) has dramatically improved cancer survival, leading to several inevitable com-
plications. Unintentional irradiation of the heart can lead to radiation-induced heart disease (RIHD), 
including cardiomyopathy, pericarditis, coronary artery disease, valvular heart disease, and conduction 
system abnormalities. Furthermore, the development of RIHD is aggravated with the addition of che-
motherapy. The screening, diagnosis, and follow-up for RIHD in patients who have undergone RT are 
described by the consensus guidelines from the European Association of Cardiovascular Imaging 
(EACVI) and the American Society of Echocardiography (ASE). There is compelling evidence that chest 
RT can increase the risk of heart disease. Although the prevalence and severity of RIHD are likely to 
be reduced with modern RT techniques, the incidence of RIHD is expected to rise in cancer survivors 
who have been treated with old RT regimens. However, there remains a gap between guidelines and 
clinical practice. Currently, therapeutic modalities followed in the treatment of RIHD are similar to 
the non-irradiated population. Preventive measures mainly reduce the radiation dose and radiation 
volume of the heart. There is no concrete evidence to endorse the preventive role of statins, angio-
tensin-converting enzyme inhibitors, and antioxidants. This review summarizes the current evidence 
of RIHD subtypes and risk factors and suggests screening regimens, diagnosis, treatment, and preven-
tive approaches. 
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cardiomyopathy, coronary artery disease (CAD), valvular heart dis-

ease (VHD), and cardiac conduction abnormalities [2]. These com-

plications could arise in patients undergoing RT for various malig-

nancies close to the heart, such as breast, lung, or esophageal can-

cer, as well as thymoma and mediastinal lymphoma [5]. 

Cardiovascular complications constitute the most common 

non-malignant cause of death amongst cancer survivors who re-

ceived RT [6]. The risk of such complications is further augmented 

by the combined contribution of chemotherapy and cardiovascular 

risk factors, including diabetes, hypertension, obesity, and dyslipid-

emia. The estimated incidence of RIHD was reported as 10%–30% 

after 5–10 years post-treatment, and it varies with the time of RT 
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and type of malignancy [6]. For example, there is a 1.7- to 2-fold 

increase in cardiovascular mortality amongst radiated patients, and 

the risk further increases to 7.2-fold in those who received radia-

tion before the 1970s [7]. In addition, the incidence of RIHD is 

higher in lymphoma patients as compared to breast cancer pa-

tients, approaching 49.5%–54.5%, with a variable incidence of 

each subtype of heart disease within each cancer population 

(0.5%–37% for breast cancer patients vs. 11%–31% for lymphoma 

patients) [8]. The morbidity of RIHD in other thoracic cancers is 

poorly reflected by short survival and poor follow-up time. Accord-

ing to a meta-analysis, RT for lung cancer increases the risk for 

cardiac-specific mortality by nearly 30%. A higher mean heart dose 

(MHD) of ≥5 Gy and 30 Gy and the irradiated heart volume were 

risk factors for the development of RIHD [9]. As a result, RIHD has 

been a major limiting factor to consider when deciding on radia-

tion doses, thereby compromising the efficacy of RT for thoracic 

tumors [10,11]. 

Jacob et al. [12] suggested that the MHD is insufficient to pre-

dict the individual patient dose to the left ventricle (LV) and coro-

nary arteries, especially the left anterior descending artery (LAD). 

They further suggested that it would be necessary to contemplate 

the distribution of doses within these cardiac substructures, rather 

than just the MHD, to generate precise RT-induced cardiotoxicity 

studies. Vivekanandan et al. [13] assessed the association between 

all-cause death rate, cardiac radiation doses, and electrocardio-

graphic changes in 78 patients with locally advanced non-small 

cell lung cancer (NSCLC) treated in the IDEAL-CRT (a trial of iso-

toxically escalated concurrent chemoradiation delivering tumor 

doses of 63–73 Gy), and they found that conduction or ischemic/

pericarditis-like changes on electrocardiogram (ECG) at 6 months 

as well as receiving higher heart or left atrial wall volumes of 63–

69 Gy were associated with higher mortality. 

The current understanding of RIHD is based on data from cancer 

survivors who had received RT almost three decades ago, wherein 

the techniques were less advanced with a broad area of exposure 

and higher radiation dose [14]. However, current advances in radio-

therapeutic technology have reduced the morbidity of RIHD, yet 

the risk is not eliminated [15,16]. Therefore, surveillance and 

screening programs utilizing different cardiac imaging modalities 

have been suggested by the expert consensus guidelines from the 

European Association of Cardiovascular Imaging (EACVI) and the 

American Society of Echocardiography (ASE). The present review 

article summarizes the common classification and risk factors of 

RIHD and further outlines the currently suggested approach for 

screening, diagnosis, management, and prevention. 

Common Cardiovascular Manifestations of 
RIHD 

1. Pericardial disease 
Pericardial disease is the most common manifestation of RIHD. It 

can be divided into early disease, which occurs within days to 

months post-RT manifesting as acute or exudative pericarditis, and 

late disease, which may develop months to years later and includes 

chronic, fibrinous, and constrictive pericarditis [17,18]. The inci-

dence of pericardial disease in patients who received mediastinal 

radiation is estimated at around 70%, and constrictive pericarditis 

is observed in up to 20% of patients within 2 years following irra-

diation [6,19]. However, this risk has been significantly reduced in 

the last decades to 6%–10%, yet it remains the most common 

complication of RIHD [8,20-22]. The risk of pericardial disease cor-

relates positively with the radiation dose, with a 5-fold increase in 

risk with every 10 Gy rise in radiation dose [8,23]. A study showed 

that 21% of patients with Hodgkin’s lymphoma who received radi-

ation doses >35 Gy developed pericardial thickening. In addition, 

36% of patients with esophageal cancer who received a dose of 

1.8–2.0 Gy per day for 6 weeks developed pericardial effusion [18]. 

Therefore, dose-volume metrics from the whole heart are frequent-

ly incorporated in RT planning and predicting the risk of pericardial 

disease. However, a recent study by Niedzielski et al. [24] developed 

a net logistical regression model that considered cardiac substruc-

ture dose in predicting pericardial effusion in patients with NSCLC. 

Results showed that incorporating cardiac substructure dose to 

whole heart dose toxicity models had superior predictive perfor-

mance. Left atrium (LA) dose was the most recurring predictor of 

higher-performing models. 

Echocardiography is considered the first line in evaluating pa-

tients with radiation-induced pericardial disease, and it can detect 

pericardial thickening, surrounding effusions, and hemodynamic 

effects of constrictive pericarditis and pericardial tamponade [7]. 

Cardiac computerized tomography (CT) and cardiac magnetic reso-

nance (CMR) can also be complementary methods for further de-

lineating inflammation, edema, and fibrosis [6]. Standard manage-

ment is similar to other forms of pericarditis. Diuretics are used for 

symptomatic constrictive pericarditis, with pericardiectomy being 

the definitive management. Those patients had the worst outcome 

amongst all other causes of constrictive pericarditis, with a 5-year 

survival rate reaching only 12% [19]. 

2. Valvular heart disease 
RT has also been linked to VHD. Chest radiation leads to activation 

of fibroblasts and release of fibroblast growth factor, which leads 

to fibrosis, with or without calcification [25]. Damage is not limited 
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to the cusps only but extends to the valvular annulus, supra- and 

sub-valvular apparatus, making valvular repair more challenging 

[18]. Radiation-induced VHD (RIVHD) is observed in nearly 81% of 

cancer survivors [26]. The incubation period varies, with the inci-

dence of 26% at 10 years rising to 60% at 20 years [19]. Therefore, 

all patients who received mediastinal RT should have echocardiog-

raphy after 10 years, with different follow-up intervals depending 

on valve pathology [25]. The incidence remains higher in patients 

who received mediastinal radiation for Hodgkin’s lymphoma (2%–

37%) compared to breast cancer (0.2%–4.2%), this difference and 

variation in the incidence between studies may be related to dif-

ferences in study design controls and inherent bias, in addition to 

the limited number of studies that looked into RIVHD among pa-

tients with breast cancer [25]. In addition, there is a stepwise in-

crease in the risk of RIVHD with radiation doses >30 Gy [8,25,27]. 

Furthermore, the incidence was higher in patients with left breast 

cancer (LBC) as compared to right breast cancer (RBC) [22]. 

Left-sided valves are usually more affected, with the most common 

abnormality being aortic regurgitation, followed by mitral regurgi-

tation. Aortic stenosis, as well as tricuspid and pulmonary regurgi-

tation, are less common but reported manifestations of RIVHD 

[7,18,28]. Similar to pericardial disease, prediction models have 

utilized cardiac substructure exposure percentage and dose to pre-

dict the occurrence of valvular disease. Cella et al. [29,30] showed 

that the risk of mitral and aortic valve disease increased if a larger 

volume of the LA and LV received doses >25–30 Gy. Echocardiog-

raphy remains the cornerstone of diagnosis for its ability to detect 

anatomical and functional changes in the valves and their effect 

on the ventricles [7,25]. With disease progression, patients may re-

quire interventional or surgical valve replacement. The standardized 

incidence ratio for valve surgery compared with an age-matched 

and sex-matched normal population was 9.2 (95% confidence in-

terval, 8.1–10.3) [25]. However, rates of mortality and adverse 

events were higher following both interventional and surgical valve 

replacement in patients with RIVHD than in controls [19,31-33]. 

3. Conduction system abnormalities 
The development of conduction abnormalities is a rare complica-

tion of thoracic radiation, mediated by direct radiation-induced in-

flammatory or ischemic insults, leading to fibrosis. An overall inci-

dence rate of 4%–5% of conduction disturbances was reported, 

and 75% of long-term cancer survivors with mediastinal radiation 

were found to have an ECG abnormality [18,19]. These abnormali-

ties usually appear within 2 months of completing RT and involve 

any of the structures of the cardiac electrical system [8,34]. The 

most common manifestation is infranodal and right bundle branch 

block, likely due to its anterior location and direct susceptibly to 

radiation [18]. However, sinoatrial node dysfunction has also been 

reported after stereotactic ablative RT (SABR). A retrospective 

study, which analyzed 13 patients who received thoracic SABR for 

early-stage lung cancer, found that one patient developed symp-

tomatic sick sinus syndrome mandating pacemaker  

placement at 6 months of therapy, with her age (83 years) and 

mean sinoatrial node radiation dose of 40 Gy reported as the 

third-highest amongst her cohort [35]. Radiation was also associ-

ated with a higher prevalence of prolonged QTc, supraventricular 

premature complexes, and ventricular tachycardia, particularly in 

children and young adults [36]. About 70% of radiation-related 

ECG abnormalities are reversible after six months of RT. However, 

high-grade AV blocks causing complete heart block and permanent 

pacemaker implantation were also reported [8,36,37]. The effect of 

cardiac substructure dosimetry on the incidence of late arrhyth-

mias was also studied by Bates et al. [38] showing that a mean ra-

diation dose >10 Gy to the whole heart was associated with an 

increased risk of arrhythmias. Interestingly, a low RT dose (5–9.9 

Gy) to the right coronary artery (RCA) specifically increased the de-

velopment of cardiac arrhythmias. Radiation-induced arrhythmias 

are usually handled similar to their traditional counterparts, with 

ECG and ambulatory Holter monitoring for detection and diagnosis. 

Pacemakers and defibrillators are inserted when indicated, in which 

a subpectoral approach can be considered in cases of extensive cu-

taneous fibrosis [19]. 

4. Cardiomyopathy 
Cardiomyopathy and heart failure (HF) are other potential compli-

cations of chest radiation. Acute myocardial toxic effects of RT, 

mediated by inflammation, myocardial dysfunction, and repolariza-

tion abnormalities, are rare [7]. The clinical manifestations of 

RT-related cardiac fibrosis present late with an incubation period 

of around 10 years, particularly in those exposed to >30 Gy, ulti-

mately leading to symptoms of HF [19,39]. The estimated preva-

lence of radiation-induced cardiomyopathy in literature is >10%, 

with an increased incidence of HF compared to the general popu-

lation (SIR of 4.9 with 25.6 excess cases per 10,000 patients/year) 

[18,19]. In addition, a radiation dose-response relationship has 

been reported in a recent study, with higher HF rates with in-

creased mean left ventricular dose (MLVD); relative to 0 Gy, HF 

rates following MVLD of 1–15, 16–20, 21–25, and ≥26 Gy were 

1.27, 1.65, 3.84, and 4.39, respectively (ptrend <  0.001) [40]. 

The definition of HF is universally agreed as a clinical syndrome 

with a set of signs and symptoms of poor perfusion and cardiac 

output, secondary to structural or functional impairment in cardiac 

function [41]. These changes are further classified by ejection frac-

tion (EF) as heart failure with preserved ejection fraction (HFpEF; 
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EF ≥50%), heart failure with mildly reduced ejection fraction 

(HFmrEF; EF: 41-49%), and heart failure with reduced ejection 

fraction (HFrEF; EF≤40%) [42]. Although HF in patients with prior 

RT could be multifactorial (constrictive pericarditis, hypertrophy 

from valvular disease, ischemic heart disease), it predominantly 

causes restrictive cardiomyopathy with diastolic dysfunction and 

fibrosis [18,19,41]. The most common echocardiographic findings 

were regional wall-motion abnormalities (often inferior in loca-

tion), mild global LV hypokinesia, depressed LV systolic function, 

impaired myocardial relaxation, and diastolic dysfunction [6]. The 

right ventricle was more affected than the LV, likely secondary to 

its anterior location [19]. 

Diastolic dysfunction has been more widely reported and linked 

to RT than systolic dysfunction. In a study of survivors of Hodgkin’s 

lymphoma who received >35 Gy mediastinal radiation, 14% had 

evidence of diastolic dysfunction on echocardiography [43]. In ad-

dition, a recent case-control study of females with HF who received 

RT for breast cancer, found that 64% of HF cases had HFpEF (EF 

>50%), and 89% had EF >40% [44]. This is likely explained by the 

underlying pathophysiologic process of RT-mediated myocardial 

toxicity. Since cardiomyocytes are non-proliferating cells, they are 

resistant to radiation effects. However, the rapidly proliferating en-

dothelial cells are more prone, leading to microvascular endothelial 

damage, oxidative stress, myocardial inflammation, and fibrosis. 

Those microvascular changes are shared with co-morbidity-driven 

myocardial effects identified as the key factor in the pathophysiol-

ogy of HFpEF, while cardiomyocyte death secondary to infarction 

or other factors is the major insult in HFrEF [45,46]. 

EF has been conventionally used as a surrogate and predictor of 

late myocardial radiotoxicity [6,7]. However, two significant issues 

accompanied this practice. First, the definition of cancer thera-

py-related cardiac dysfunction is not well-established, with differ-

ent studies using variable arbitrary cutoffs and percentages of de-

cline in EF. It may include an EF decline of >20% (EF units), a de-

crease of left ventricular ejection fraction (LVEF) by >10 points to 

<55%, or a drop of LVEF <45% [6,45]. Therefore, LVEF-based 

definitions lack reproducibility and do not address many patients 

with HFpEF. Second, LVEF can be insensitive in detecting early signs 

of radiotoxic myocardial damage. Hence, its value in predicting late 

cardiotoxicity is debatable [6]. Therefore, other methods have been 

proposed, such as two-dimensional speckle tracking echocardiog-

raphy (2D-STE) [7]. A 2D-STE aims to analyze strain patterns in 

three different dimensions of contractility (longitudinal, circumfer-

ential, and radial) and measure strain rates (SR) during systole 

(SRs), early (SRe), and late (SRa) diastole. Its principal value is de-

tecting systolic and diastolic myocardial dysfunction when EF re-

mains normal [47,48]. 

Standard medical therapy is used similarly for HF symptoms aris-

ing from radiation, utilizing beta-blockers, angiotensin-converting 

enzyme inhibitors (ACEIs), and diuretics; however, data about the 

role of standard HF medical therapy among RT recipients are 

scarce. Heart transplant is an option for end-stage cardiac dys-

function with a lower post-transplant 5-year survival rate com-

pared to other causes of cardiomyopathy, imposing a higher opera-

tive risk in radiated patients [19]. 

5. Coronary artery disease 
CAD is one of the common manifestations of RIHD, presenting in 

the form of stable angina, acute coronary syndrome, ischemic car-

diomyopathy, and HF [8]. Clinical studies have shown an estimated 

incidence of CAD of up to 85% [19]. A large population study 

showed that the rate of coronary events increases by 7.4% for ev-

ery 1 Gy increase in MHD, with damage starting within 5 years and 

extending up to 20 years of exposure [49]. The damage is triggered 

by endothelial injury leading to oxidative stress and proinflamma-

tory and prothrombotic states, which cause intimal thickening and 

accelerated atherosclerosis and stenosis [19,50]. The arterial nar-

rowing is mainly seen in the ostial and proximal portions of epicar-

dial vessels [19]. The distribution of coronary involvement depends 

on the chest site receiving radiation. For example, mediastinal radi-

ation is associated with LAD and RCA involvement [18]. LBC radia-

tion involves the middle and distal segments of LAD, while RBC ra-

diation involves the proximal portion of the RCA [50]. 

Multiple factors influence the radiation-mediated damage to cor-

onary vessels, including the side of radiation and the dose delivered. 

For instance, a study performed by Tagami et al. [51] showed that 

LBC patients treated with RT have a significantly higher incidence of 

coronary disease when compared with a matched group of patients 

treated for RBC. Amongst others, mean LAD radiation dose and 

MHD strongly correlated with coronary disease, with a 21% higher 

incidence of disease in the LAD per Gy when considering the mean 

LAD dose and a 95% higher incidence of disease in the LAD per Gy 

when considering the MHD. In addition, there is a linear dose-re-

sponse relationship between mean radiation dose and risk of CAD. A 

study in Hodgkin’s lymphoma patients showed a 2.5-fold increase in 

risk with mean doses of ≥20 Gy. However, recent evidence suggests 

that MHD may not accurately represent the magnitude of coronar-

ies’ exposure [50]. A study done by Jacob et al. [12] on LBC radiation 

recipients showed that despite a low MHD of <3 Gy, 56% of pa-

tients could nevertheless still be receiving LAD doses above 40 Gy. 

Furthermore, radiation doses to LAD atherosclerotic plaques have 

also been studied and found to be the strongest predictor of acute 

coronary events (ACEs) amongst patients with established athero-

sclerotic disease, even after correction for cardiovascular risk factors 

https://doi.org/10.3857/roj.2021.0076692

Samer Ellahham, et al.



(hazard ratio [HR] = 1.269; 95% CI, 1.090–1.477; p = 0.002). 

However, the volume of the left ventricle receiving ≥5 Gy remains 

to be an essential predictor of ACEs in patients without atheroscle-

rotic plaques in the LAD (n = 680) (HR = 1.021; 95% CI, 1.003–

1.039; p = 0.023) [52]. 

Multiple modalities contribute to the diagnosis of radiation-re-

lated CAD. Echocardiography can be utilized to detect wall motion 

abnormalities at rest yet may not be sufficient to detect induced 

ischemia [7]. Stress echocardiography has been studied, and its 

particularly high sensitivity and specificity in detecting epicardial 

vessel abnormality makes it a reliable for identifying transient 

myocardial ischemia [6]. A study performed on lymphoma patients 

who received mediastinal radiation >35 Gy utilized stress echo for 

evaluating CAD and showed a prevalence of 7.5% 15 years after 

RT. The positive predictive values for stress echocardiography were 

80% and 87% for detecting ≥70% and ≥50% coronary stenosis, 

respectively [53].  

The value of coronary calcium scoring has also been mentioned 

in the literature. A multicenter cohort study evaluated the correla-

tion between coronary artery calcium (CAC) and CAD. They found 

that CAC on breast cancer RT planning CT scan results was associ-

ated with CVD, especially CAD, particularly in CAC score >400 [54]. 

Treatment of radiation-induced CAD with common revasculariza-

tion techniques is challenging, as those patients usually have more 

complex anatomy and disease complexity, scarred and fibrotic 

grafts and higher rates of postoperative complications, such as 

poor healing, infections and bleeding, and higher mortality as com-

pared to CAD from other causes [18,19]. 

Risk Factors for RIHD 

Several radiation-related and patient-related risk factors are impli-

cated in RIHD [6,18] (Fig. 1). 

1. Radiation-related risk factors 
The irradiated heart volume is the major risk factor for the devel-

opment of RIHD [55]. Patients with breast cancer who had the 

highest doses and volumes of radiation to the heart had a threefold 

greater risk of cardiac death than those who underwent surgery 

alone after a mean follow-up of 16 years [4]. The same study has 

Fig. 1. Schematic diagram illustrating the risk factors for radiation-induced heart disease (RIHD).
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also shown that RT to left-sided tumors resulted in higher exposure 

to the heart than RT to right-sided tumors [4]. Radiation doses 

above 30 Gy reportedly increased RIHD by three and a half folds 

[18,56]. Some of the studies about radiation-related risk factors are 

summarized in Table 1 [47-64]. 

2. Patient-related risk factors 
Multiple patient-related factors have been found to alter the risk 

of RIHD. Studies have shown that younger patients have an in-

creased risk of RIHD [65]. Van Nimwegen et al. [66] demonstrated 

that patients younger than 25 years old, when treated for Hod-

gkin’s lymphoma, had a 4.6 to 7.6-fold higher risk of radiation-in-

duced CAD. Classic cardiovascular risk factors such as diabetes, hy-

pertension, dyslipidemia, family history of CAD, as well as estab-

lished cardiovascular disease has also been linked to a higher risk 

of RIHD [18,19]. This was also demonstrated in a recent study of 

breast cancer in the Korean population, which showed that the risk 

of ACEs and cardiac mortality were lower in healthy women. Obe-

sity was an independent risk factor for the development of cardiac 

mortality, with an increased risk of 5% in cardiac death for each 

increment of 1 kg/m2 in body mass index (BMI) [67]. The study also 

demonstrated that the 10-year mortality rate owing to the 

non-cancer origin was only 1%–2% amongst Korean breast cancer 

survivors, significantly different from their North American coun-

terparts, likely attributable to the general characteristics of the Ko-

rean breast cancer population, who generally smoke less, weigh 

less, and have fewer known risk factors for heart disease [67]. In 

addition, smoking, when added to RT, conferred a three times high-

er hazard for myocardial infarction [68]. In terms of physical activi-

ty, a study on Korean breast cancer survivors compared to the gen-

eral Korean population showed no significant difference in the risk 

of ACEs. However, in the sensitivity and subgroup analyses, breast 

cancer survivors had increased risks of ACEs if they did not exercise 

or had a disability [69]. Concurrent use of chemotherapeutic 

agents, particularly anthracyclines, also further increases the likeli-

hood of cardiac events [6,19]. 

Role of Biomarkers 

Several biomarkers, including troponin T (TnT), troponin I (TnI), and 

brain natriuretic peptide (BNP), are indicators of cardiac injury that 

have roles in the evaluation of patients post-RT [5]. High sensitivity 

TnT (hsTnT) is an indicator of myocardial damage. High sensitivity 

TnT was elevated in 21% of breast cancer patients during RT, par-

ticularly those who received higher RT doses for the whole heart 

and LV [70]. BNP has the potential to serve as a marker for predict-

ing cardiac events after RT [71]. The BNP levels were elevated im-

mediately post-RT in patients with thoracic malignancies receiving 

chemoradiation; however, it rose over time in the patients who re-

ceived RT only [72]. Overexpression of insulin-like growth factor 1 

receptor β correlated with a decrease in overall survival, and there-

fore it has the potential to be considered a biomarker of radiation 

resistance [73]. 

Xu et al. [74], in their study, stated that elevation of hsTnT during 

chemoradiation therapy was radiation heart dose-dependent and 

was associated with cardiac adverse events and mortality. They 

Table 1. Summary of study findings related to radiation-related risk factors

Study Study findings
Chung et al. [57] Significant MHD effect per gray for cardiac toxicity in Asian women with breast cancer.

The detrimental effect of radiation on the heart is independent of other cardiac risk factors.
Atkins et al. [58] Optimal cardiac dose constraints may differ based on preexisting coronary heart disease.

Left anterior descending coronary artery volume receiving 15 Gy greater than or equal to 10% is an independent estimator of the 
probability of major adverse cardiac events and all-cause mortality, particularly in patients without coronary heart disease.

Left ventricle volume receiving 15 Gy greater than or equal to 1% is associated with an increased risk of major adverse cardiac 
events among patients with coronary heart disease.

Jang et al. [59] A high left ventricle radiation dose could raise adverse cardiovascular events in patients with stage III NSCLC and increased  
cardiovascular risk.

Pre-treatment evaluation of cardiac risk and individualized surveillance may help prevent cardiac events post-chemoradiotherapy.
Morris et al. [60] Deep learning poses extensive efficiency and accuracy gains for cardiac substructure segmentation, offering the increased  

potential for rapid implementation into radiation therapy planning for improved cardiac sparing.
Clasen et al. [61] Modest subclinical changes in cardiac function measures were seen in the short term with use of modern radiation planning 

techniques.
Atkins et al. [62] Cardiac radiation dose exposure is a cardiac risk factor for major adverse cardiac events and all-cause mortality in advanced  

NSCLC.
Early recognition of cardiovascular events along with their treatment and more stringent avoidance of increased cardiac  

radiotherapy dose is required.

MHD, mean heart dose; NSCLC, non-small cell lung cancer.
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further suggested that routine monitoring of hsTnT could help 

identify patients who are at high risk of chemoradiation-induced 

cardiac adverse events at an earlier stage to guide modifications of 

cancer treatment and possible interventions, thereby mitigating 

cardiotoxicity. 

Screening and Surveillance after Chest 
Radiation Therapy: The Expert Consensus 

Little is known about the overall prevalence of pre-clinical RIHD 

and whether early screening would benefit asymptomatic patients. 

However, due to the disease burden, close follow-up and monitor-

ing for signs and symptoms are warranted by the current guide-

lines. Consensus guidelines from the EACVI and ASE, published in 

2013, propose a screening and follow-up algorithm for patients re-

ceiving chest radiation [6]. Those are the most established surveil-

lance guidelines up to date. In addition, The American and Europe-

an Society of Medical Oncology have also issued guidelines for the 

prevention, diagnosis, and management of cardiovascular disease 

associated with cancer therapy [75]. 

All guidelines recommend aggressive screening and management 

of cardiovascular risk factors in patients receiving chest radiation; 

this includes initial identification of risk factors, a comprehensive 

clinical exam, and a baseline transthoracic echocardiography. Fol-

lowing the initiation of RT, patients are to be monitored yearly with 

history and clinical exams. Any development of new symptoms 

(dyspnea, paroxysmal nocturnal dyspnea, orthopnea, angina, synco-

pe, palpitations) or exam findings such as new murmur warrants 

further investigation using echocardiography, CT coronary, or CMR. 

Asymptomatic patients are screened based on their baseline risk 

factors (Fig. 2). Those who have no risk factors are screened with 

transthoracic echocardiography ten years after RT exposure. If no 

abnormalities are detected, reassessment occurs every 5 years. 

However, patients who possess a set of risk factors receive screening 

echocardiography 5 years post-exposure. In addition, due to the in-

creased risk of coronary involvement in this population, non-inva-

sive stress testing is recommended at 5 years. Stress echocardiogra-

phy and stress MRI have higher specificity than stress ECG and are 

generally preferred. Revaluation can happen at a 5-year interval if 

the initial assessment is normal. Fig. 2 provides an algorithmic rep-

resentation of the above recommendations. The role of cardiac CT 

and CMR in screening is yet to be identified. As of now, they serve 

as complementary imaging modalities for further identification of 

abnormalities detected on echocardiography or for preoperative 

cardiac evaluation [6,19]. 

Extensive prospective studies are further required to understand 

the mechanisms behind RIHD further and confirm the clinical utility 

of non-invasive imaging and dose-volume analysis in predicting the 

risk and magnitude of the disease. The RACCOON (Radiotherapy for 

Thoracic and Breast Cancer and the Related Cardiotoxicity Follow-

ing Treatment; ClinicalTrials.gov Identifier: NCT04674501) trial is a 

promising ongoing Korean prospective observational study that fur-

ther explores the above targets in a wide range of malignancy pa-

tients who will receive chest RT, to report outcomes of cardiotoxicity 

rate, overall survival, and cancer-specific survival rates. 

Diagnostic Approach and Management 

vThe diagnostic approach to RIHD depends on the presenting signs 

and symptoms and suspected disease. A brief description of diag-

nostic modalities was mentioned above in corresponding sections 

of different cardiac manifestations. Clinicians will have to use 

available techniques of echocardiography, CT, CMR, or SPECT scan 

for the appropriate clinical indication. Echocardiography is a 

non-invasive first-line imaging modality for most cardiac manifes-

tations, including pericardial disease, myocardial dysfunction, and 

VHD. Echocardiography is helpful in detecting and serial monitor-

ing pericardial effusion and constrictive pericarditis, yet CT and 

CMR are more specific in detecting certain anatomical abnormali-

ties such as thickenings and calcifications. In addition, echocardi-

ography provides an assessment of LV systolic and diastolic func-

tion, and 2D speckle tracking assesses strain patterns, all of which 

reflect myocardial function. CMR can provide an advanced evalua-

tion in cases of a poor echocardiographic acoustic window and for 

detecting myocardial fibrosis. For coronary artery disease, echocar-

diography can assess the presence of wall motion abnormalities, 

yet image-based stress testing has a higher specificity for detecting 

anomalies, followed by appropriate CT coronary if needed [6,7,76]. 

In terms of management, the current approach follows the same 

treatment options for non-RIHD, whether medical or surgical. The 

clinical spectrum and recommended management strategies of 

RIHD are described in Fig. 3. A recent review of the American and 

European Cardio-Oncology guidelines has proposed protocols and 

management algorithms for chemotherapy-induced cardiac toxici-

ty depending on the developed complications. These include proto-

cols for hypertension, systolic dysfunction and HF, atrial fibrillation, 

QT prolongation, and myocarditis [75]. Those protocols incorporate 

imaging modalities and biomarkers with suggested follow-up in-

tervals and target cutoff for action. Those algorithms may serve as 

a guide for radiation-induced heart toxicity under the umbrella of 

cancer therapy-induced cardiac damage. As a general summary of 

surgical management outcomes, transcatheter aortic valve replace-

ment has been shown to have less than 30 days of mortality com-

pared to surgical aortic valve replacement valvular disease, coro-
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nary artery bypass graft surgery, and percutaneous coronary inter-

vention had similar overall revascularization outcomes. Moreover, 

pericardiectomy has low 5-year survival rates. In general, if surgery 

is planned, an assessment of calcifications of thoracic vessels (tho-

racic aorta, internal mammary artery [IMA]), pulmonary function, 

and other cardiac comorbidities is required [19]. 

Preventive Pharmacologic Therapies in 
RIHD 

Currently, there is no absolute modality to prevent radiation 

over-exposure to the heart primarily; however, advancements in RT 

technologies have lowered exposure of normal healthy tissue near 

the targeted tumor in the past few years. 

Various technologies have been applied in clinical practice to re-

duce radiation dose and volume received by the heart, including 

deep inspiratory breath-hold (DIBH), three-dimensional conformal 

RT, intensity-modulated RT, 4D-CT, partial breast irradiation, and 

volumetric arc therapy [8,77-79]. Continuous positive airway pres-

sure, a novel method to avoid heat exposure, has resulted in rea-

sonably low irradiation to the heart [80]. 

In addition, high-dose radiation exposure to the LV can be pre-

cluded by a variety of heart-sparing radiation techniques like Cer-

robend blocking or multileaf collimator (MLC), breath-hold, prone 

positioning, or deep inspiration [81]. With the help of modern RT 

technologies and a lower fraction of radiation therapy, the inci-

dence of acute pericarditis and myocarditis has become less [18]. 

Furthermore, numerous radioprotectors that rely on selective 

uptake by normal organ tissues have been developed, with short 

and long-acting protectors successfully being utilized in modern 

practice [82]. Follow-up visits by patients and specific drug treat-

ments are considered secondary preventative measures. 

Investigational studies have documented that RIHD can be pre-

vented by certain drugs, including statins, ACEIs, and anti-oxidants 

[83-85] but are in experimental stages. 

Fig. 2. Algorithmic demonstrations of screening guidelines of radiation-induced heart disease (RIHD). Adapted from the European Association 
of Cardiovascular Imaging (EACVI) and American Society of Echocardiography (ASE) guidelines, 2013. CMR, cardiac magnetic resonance; CT, 
computed tomography; CVS, cardiovascular system; DM, diabetes mellitus; HLD, hyperlipidemia; HTN, hypertension; PND, paroxysmal nocturnal 
dyspnea.
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1. Statins 
Statins exert their anti-inflammatory effects by reducing oxidative 

stress and activating adenosine 5’-monophosphate-activate pro-

tein kinase (AMPK) [86]. Cardioprotection can be attained by inhib-

iting inflammatory reactions and oxidative stress. Zhang et al. [83] 

showed that atorvastatin could decrease radiation-induced myo-

cardial fibrosis by preventing multiple inflammatory responses and 

oxidative stress pathways activation. Lovastatin has protective ef-

fects in both the acute and chronic phases through inhibition of 

NF-κB activation, ICAM expression, and miRNA expression of the 

CTGF [85]. 

Atkins et al. assessed the correlation between statin therapy and 

all-cause mortality, overall survival, and major adverse cardiac 

events (MACE) among patients with locally advanced NSCLC who 

received RT. They found that half of the statin-eligible high cardiac 

risk patients only were on statin therapy. In addition, those who 
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were on statins harbored more significant risk factors than those 

not on a statin. Therefore, the former group had higher all-cause 

mortality despite statin therapy; however, similar rates of MACE. 

Furthermore, they found that statin naïve patients who received 

radiation doses >10 Gy had higher all-cause mortality than <10 

Gy doses. This finding was not valid in patients on statin therapy, 

suggesting the need for further studies to mitigate the effect of 

statin on high cardiac risk patients who receive high radiation dos-

es [87]. 

2. Angiotensin-converting enzyme inhibitors 
ACEIs also reduce reactive oxygen species production and decrease 

oxidative stress and inflammatory mediated cardiac injury. ACEIs 

drugs can attenuate myocardial perivascular fibrosis and myocardi-

al cell apoptosis through these protective mechanisms, thus pre-

venting myocardial fibrosis and reducing cardiac diastolic dysfunc-

tion [84]. Van der Veen et al. [84] demonstrated the protective ef-

fects of captopril against RIHD. Captopril was associated with im-

provements in the breathing rate and cardiopulmonary density and 

reduced pleural and pericardial effusion and cardiac fibrosis. 

3. Anti-inflammatory and antioxidants 
The acute phase inflammatory response and oxidative stress play 

significant roles in developing RIHD; thus, anti-inflammatory and 

antioxidant drugs can have substantial cardioprotective effects. 

Colchicine, for example, has anti-inflammatory properties, which 

could be attributed to its inhibition of microtubule polymerization 

resulting in reduced platelet aggregation and its reduced expres-

sion of endothelial and leukocyte adhesion molecules. Hence col-

chicine has been proposed to protect from radiation-induced CAD 

through its anti-inflammatory and anti-coagulant properties [88]. 

A pre-clinical trial on caffeic acid phenethyl ester (CAPE) revealed 

its suppressive effect on the acute inflammatory response. 

CAPE-induced anti-oxidant properties were able to reduce gamma 

radiation-induced myocardial injury [89]. Another study by Boerma 

et al. [90] revealed that pentoxifylline could reduce endothelial 

dysfunction and prevent the downregulation of endothelial cell 

surface thrombomodulin. In combination with alpha-tocopherol, 

pentoxifylline showed a significant reduction in collagen I and III 

deposition, which was thought to occur by inhibiting intracellular 

TGF-β and CTGF expression and reducing LV diastolic pressure. Fur-

thermore, amifostine was found to have protection against RT-in-

duced cardiac fibrosis, myocardial degeneration, and vascular dam-

age [91-93]. 

Small molecule TGF-βR1 inhibitor, PW-5371, was found to re-

duce cardiopulmonary fibrosis and prevent chronic radiation-in-

duced cardiopulmonary dysfunction in mice [94]. Recombinant hu-

man neuregulin-1 (rhNRG-1β) has continuous protective properties 

against myocardial damage and preserves cardiac function by acti-

vating the ErbB2-ERK-SIRT1 signaling transduction pathway [95]. 

Natural products including melatonin, hesperidin, and curcumin 

have also been shown to decrease radiation-induced cardiac injury 

through their anti-oxidant and anti-inflammatory properties [96]. 

Conclusion 

The increasing use of RT for cancer treatment may give rise to a 

greater risk of RIHD if suitable preventative and screening proce-

dures are not in place. RIHD represents a range of cardiac patholo-

gy, including CAD, cardiomyopathy, pericardial disease, valvular 

disease, and conduction abnormalities. Certain drugs may help 

mitigate the effects of RT and treat RIHD; however, their clinical 

application/use as radioprotectors and specific treatments to halt 

the progression of RIHD is far-fetched. Global implementation of 

guidelines and advances in RT can help in earlier detection and less 

frequent occurrence of RIHD. Ongoing research in clinical and lab 

biomarkers may assist in the risk stratification of patients at a 

higher risk of developing cardiac complications in the future. 
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Introduction 

Endometrial adenocarcinoma is the most common gynecologic 

malignancy with the lowest mortality rates [1,2]. About 75% of 

cases with endometrial cancer are diagnosed with early-stage dis-

ease which is confined to the uterus [3]. The treatment of stage I 

disease is based on total abdominal hysterectomy (TAH), bilateral 

salpingo-oophorectomy (BSO), and lymph node dissection and/or 
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(VBT) alone in patients undergoing surgical staging for early-stage high-intermediate-risk (HIR) and 
high-risk (HR) endometrial cancer. 
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postoperative external radiation therapy (PORT). Five-year survival 

for stage I patients is between 80%–90% with a locoregional re-

currence rate of 4% to 8% [4-6]. The prognosis is extremely good 

in stage I disease [7-10], whereas the recurrence rate may vary be-

tween 5% and 16% depending on tumor localization, depth of in-

vasion, and pelvic lymph node metastasis and grade [11-14]. Sever-

al retrospective and prospective studies have shown that PORT re-

duces locoregional recurrence but has no impact on overall survival 
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(OS) [15]. However, adjuvant PORT utilization in the treatment of 

early-stage disease is controversial due to treatment related side 

effects including diarrhea, intestinal obstruction, and lymphedema 

[8,10]. 

Radical hysterectomy bilateral oophorectomy with pelvic lymph-

adenectomy was considered to be the standard treatment of endo-

metrial cancer [14,16-18]. In case of poor prognostic factors adju-

vant treatment options are considered. Prospective, randomized 

PORTEC-1 (Postoperative Radiation Therapy in Endometrial Carci-

noma trial) study was conducted to compare the efficacy of adju-

vant pelvic radiotherapy versus no treatment. At 15 years, locore-

gional recurrence rate was reported as 5.8% in external beam ra-

diotherapy (EBRT) arm and 15.5% in follow-up arm (p <  0.001). In 

this trial, since the authors reported that vagina was the most fre-

quent site of recurrence in 75% patients undergoing surgery alone 

[19], they concluded that vaginal brachytherapy (VBT) alone is ef-

fective treatment to obtain vaginal control avoiding PORT-related 

complications [20-25]. 

In this study, we have assessed the results of postoperative VBT 

in surgically staged stage I endometrial cancer patients and anal-

ysed recurrence patterns and prognostic parameters in high-inter-

mediate-risk and high-risk group patients. 

Materials and Methods 

A total of 104 patients who underwent postoperative adjuvant VBT 

for stage I endometrial cancer were retrospectively analyzed be-

tween the years 2000 and 2015. A written informed consent was 

obtained from each patient. The study was conducted according to 

the principles of the Helsinki Declaration and approval was granted 

by the institutional Ethics Committee. All patients provided signed 

informed consent for treatment, and this study was approved by 

our Institutional Review Board of Uludag University Faculty of 

Medicine (No. 2008-21/34).

At baseline, all patients were evaluated based on medical history, 

physical examination findings, laboratory test results, chest X-ray 

and abdominopelvic tomography scans. Acute and chronic side ef-

fects were classified according to the Radiation Therapy Oncology 

Group (RTOG) criteria. According to the 2009 International Federa-

tion of Gynecology and Obstetrics (FIGO) staging system, all the 

patients had been re-staged and the patients with stage Ib, grade 

I–III, stage Ia, grade III, lower uterine segment involvement, and 

lymphovascular invasion (LVI) were included. 

All patients who underwent total abdominal hysterectomy plus 

bilateral salpingo-oophorectomy within bilateral pelvic node dis-

section with or without para-aortic dissection were included. Pa-

ra-aortic lymph node dissection was performed in all except six 

patients. The patients with high grade histology were treated with 

adjuvant chemotherapy in addition to VBT. 

1. Brachytherapy 
High-dose-rate (HDR) afterloading 192Ir (iridium-192) VBT system 

(GammaMed 12i; Varian Medical Systems, Palo Alto, CA, USA) was 

delivered to 0.5 cm depth of the vaginal wall. While two-dimen-

sional (2D) technique was used until 2011, image-guided 3D 

brachytherapy was used after the year of 2011. The median diame-

ter of the cylinder was 3 cm (range, 2.3 to 3.5 cm). The mean 

length for target volume was 3.8 cm. One patient received VBT at a 

dose of 8 Gy in 3 fractions (total 24 Gy), one patient at a dose of 6 

Gy in 4 fractions (total 24 Gy), whereas the remaining patients re-

ceived VBT at a dose of 7 Gy in 3 fractions (21 Gy). The median rec-

tal dose was 16.1 Gy (range, 10.3 to 23.8 Gy), while the mean 

bladder dose was 13 Gy (range, 5.42 to 19.4 Gy).  

2. Statistical analysis 
OS was defined as the time from the diagnosis to the last fol-

low-up visit. Disease-free survival (DFS) was defined as the time 

from surgery to the development of distant organ or para-aortic 

lymph node metastasis or local recurrence. Metastasis-free survival 

was defined as the time from surgery to the occurrence of first 

metastases.  

Survival was estimated using the Kaplan-Meier survival curves. 

The log-rank test was used to compare survival rates. Descriptive 

data were expressed in mean±standard deviation. A p-value of 

0.05 was considered statistically significant. Independent prognos-

tic factors were determined by multivariate Cox regression analysis 

using a forward stepwise selection. 

Results 

The mean follow-up was 48.5 months (range, 2 to 130 months). At 

the time of analysis, two patients died from second primary tu-

mors, four patients from a distant metastasis, and six from an un-

known cause. The 5- and 10-year OS rates were 87% and 76%, re-

spectively. The 5- and 10-year DFS rates were 86% and 86%, re-

spectively. 

The mean age was 62.5 years (range, 46 to 81 years). The cut-off 

value of age was 65 years. Thirty-two patients (61%) were under 

65 at the time of diagnosis. The mean tumor size was 3.7 cm. The 

time between surgery and VBT was 41 days (range, 9 to 120 days). 

Tumor characteristics are shown in Table 1. Serous papillary, undif-

ferentiated and clear-cell carcinomas were classified as high-grade 

tumors and all the patients with type 2 histology (8%) also re-

ceived adjuvant chemotherapy. 
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During the follow-up, distant recurrences occurred more fre-

quently than locoregional recurrences. Four patients had paraaortic 

lymph node metastasis (one patient, stage Ia grade 1; two, stage Ia 

grade 3; and one, stage Ib grade 3), one had drain site recurrence 

(stage Ib grade 1), two had para-aortic lymph node and brain me-

tastasis (one patient, stage Ib grade 1; one, stage Ib grade 3) at the 

same time, and two had lung metastasis (one patient, stage Ib 

grade 3; one, stage Ia grade 3). There were two patients observed 

with solid organ metastasis in type 2 histology. LVI was the only 

predominant prognostic parameter of all. Two out of four patients 

with para-aortic lymph node metastasis underwent para-aortic ra-

diation therapy and chemotherapy, two of them treated with sur-

gery followed by radiotherapy. All the patients with distant metas-

tasis received chemotherapy except one due to patient’s rejection. 

Although the number of stage Ib grade 3 patients is low, none of 

them had vaginal or pelvic lymph node recurrence during the fol-

low-up. 

In the analysis, OS rate was significantly higher in patients in 

whom more than 20 lymph nodes were dissected (p =  0.033). OS 

rate tended to be lower in patients with LVI (p =  0.088) but it was 

not found to be significant. In univariate log-rank analysis, pres-

ence of LVI was found to be a statistically significant prognostic 

factor for increased distant metastasis rates (p =  0.020) in Table 2. 

Ten-year DFS rates were 69% and 92% in patients with and 

without LVI, respectively. In multivariate analysis consisting the 

variables; LVI, the depth of myometrial invasion, disease grade, tu-

mor histology, and age, only LVI found to be an independent prog-

nostic factor for DFS (p =  0.044) (Table 3). The number of pelvic 

lymph nodes (<20 and ≥20) and para-aortic lymph nodes (<5 

and ≥5), and time from surgery to VBT (<45 days and ≥45 days) 

were not associated with DFS (p =  0.714, p =  0.610, and p =  

0.966, respectively). 

Neither univariate nor multivariate analysis age, tumor histology, 

stage and grade, depth of invasion, the ratio of invasion, estrogen 

and progesterone receptors, lower uterine segment involvement, 

the presence of squamous differentiation, the number of para-aor-

tic lymph nodes dissected, duration between surgery and VBT, and 

a second primary tumor presence were not found associated with 

improved OS rates.  

Multivariate Cox regression analysis confirmed that there was no 

Table 1. Tumor characteristics

Characteristic n (%)
Depth of invasion
 Ia 38 (37)
 Ib 66 (63)
Grade
 I 38 (37)
 II 40 (38)
 III 24 (25)
Squamous variant
 Yes 34 (61)
 No 64 (33)
 Unknown 6 (6)
LUSI
 Yes 24 (23)
 No 80 (77)
Lymphatic invasion
 Yes 30 (29)
 No 74 (71)
Vascular invasion
 Yes 4 (96)
 No 100 (4)
Tumor size (cm)
 <3 46 (44)
 ≥3 38 (56)
Tumor volume (cm3)
 <13 82 (79)
 ≥ 13 22 (21)
Number of pelvic nodes
 <20 56 (54)
 ≥ 20 48(46)
Number of para-aortic nodes
 <5 42 (40)
 ≥5 48 (60)
Tumor histology
 Adenocarcinoma 96 (92)
 Undifferentiated 2 (2)
 Clear cell 4 (4)
 Serous papillary 2 (2)

LUSI, lower uterine segment involvement.

Table 2. Prognostic factors associated with DFS, univariate analysis

DFS (%) p-value
Lymphatic invasion 0.020
 Yes 74
 No 95
Number of pelvic nodes 0.714
 <20 90
 ≥ 20 88
Number of para-aortic nodes 0.610
 <5 85
 ≥5 90
Time surgery-RT (day) 0.966
 <45 92
 ≥ 45 84

DFS, disease-free survival; RT, radiotherapy.
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relationship between OS and prognostic factors such as LVI, myo-

metrial invasion, the number of dissected lymph nodes and grade. 

Metastasis was only found as a poor prognostic factor for OS (p =  

0.017) (Table 4). 

As the long-term side effects, we encountered that 16 patients 

(15%) had grade I vaginal mucositis, while 50 patients (48%) had 

cystitis and grade I dysuria. None of the patients had grade II-III 

vaginal mucositis and cystitis. 

Discussion and Conclusion 

Most patients diagnosed with early-stage endometrial cancer are 

treated with surgery alone and have low risk of recurrence. This risk 

is significantly higher for some women with high-risk factors which 

is required adjuvan radiation therapy and/or chemotherapy. EBRT 

improves both local and regional control, but does not reduce the 

risk of death and also associated with increasing side effects [26-

29]. Even in advances in radiotherapy techniques and image guided 

treatment, PORT following surgery has been reported to increase 

the incidence of genitourinary, and gastrointestinal side effects 

compared with brachytherapy alone [30,31]. 

In the Gynecological Oncology Group 99 (GOG-99) study, adju-

vant therapy indication following definite surgical staging was 

identified based on the definitions of intermediate and high-risk 

patient groups. The patients at ≥70 years of age with any risk fac-

tor (grade II–III, the presence of LVI, outer third myometrial inva-

sion), those at ≥50 years of age with at least two risk factors, and 

those at any age with three risk factors were randomized to either 

adjuvant pelvic PORT or observation. The study results demonstrat-

ed adjuvant PORT decreased the risk of pelvic or vaginal recurrence 

compared to the observation arm; however, there was no statisti-

cally significant difference in survival between the groups [10,32]. 

Similarly, in the PORTEC-I study, a total of 714 patients were divid-

ed into two groups: (1) TAH + BSO followed by adjuvant PRT; (2) 

observation arm. PORT substantially decreased locoregional rec-

curence (5% vs. 14%; p <  0.001); however, 10- and 15-year sur-

vival rates were similar between the groups [33,34]. In addition, 

5-year survival after any relapse significantly lower in PORT pa-

tients compared to the control group. The crucial point of this 

study, the vaginal cuff was the most common site of recurrence in 

the observation arm [33]. 

Furthermore, toxicity is one of the main determinant factors in 

choosing the best treatment approach, as PORT and VBT produce 

similar survival rates in the early-stage tumors [7,35]. According to 

the updated staging system the risk of locoregional recurrence is 

reported 14.3% with comprehensive surgery in even stage Ib grade 

III disease [36]. On this basis, follow-up alone after comprehensive 

surgical staging may yield high survival rates [17,37,38]. Although 

data with VBT alone is limited due to small number of randomized 

clinical studies, recent studies have suggested to apply VBT in high-

risk node (-) disease in patients undergoing lymph node dissection 

[17,23,39]. Additionally, VBT has been shown to reduce the morbid-

ity with providing high local control rates in the clinical trials [21-

25]. Neverthless adjuvant PORT is still widely adopted approach 

due to controversial studies [40,41]. 

One of the initial studies in which VBT was assigned as a sepa-

Table 3. Cox regression analysis for disease-free survival

HR p-value 95% CI
Tumor histology 0.694 0.636 2.4 (1.3–4.3)
Grade
 I 0.011 0.532 0.7 (0.3–1.4)
 II
 III
Myometrium invasion
 <1/2 0.965 0.901 1.5 (0.9–2.5)
 >1/2
LVI
 Yes 1.604 0.044 4.1 (2.2–7.6)
 No
Age (yr)
 <65 1.810 0.403 1.0 (0.9–1.0)
 ≥ 65

LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.

Table 4. Cox regression analysis for overall survival

HR p-value 95% CI
Metastases
 Yes 1.15 0.017 1.5 (1.01–1.29)
 No
Grade
 I 2.15 0.714 1.2 (0.11–2.78)
 II
 III
Myometrium invasion
 <1/2 1.03 0.610 1.01 (1.4–1.43)
 >1/2
LVI
 Yes 2.68 0.966 1 (0.82–1.05)
 No
Age (yr)
 <65 2.16 0.491 2.0 (0.69–2.65)
 ≥ 65

LVI, lymphovascular invasion; HR, hazard ratio; CI, confidence interval.
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rate arm was carried out by Aalders et al. [7] which included 540 

patients. All patients with stage Ib grade III and stage Ic based on 

definite surgical staging results were randomized to no further 

treatment or classified as postoperative VBT + PORT. Combined 

therapy decreased locoregional recurrence without any impact on 

survival, compared to VBT alone. On the other hand, the high rate 

of locoregional recurrence in VBT alone was associated with not 

performing lymph node dissection and the study results were found 

controversial in terms of efficacy of VBT. Moreover, in a recent piv-

otal PORTEC-II study with a large sample size, VBT and PORT were 

compared among the patients with early-stage disease at an inter-

mediate-high-risk group [35]. There was no statistically significant 

difference in the 5-year local recurrence, locoregional control, dis-

tant metastasis, and survival rates; however, a higher number of 

patients receiving pelvic radiation therapy had side effects.  

The rate of vaginal recurrence has been reported to be 5% in pa-

tients undergoing surgical staging without adjuvant therapy [42], 

while it has been estimated to be 10% in patients undergoing in-

comprehensive or no surgical staging [8]. However, in a study in-

cluding patients with stage Ic grade III disease, vaginal recurrence 

was found to be 4.6% among the patients undergoing radical hys-

terectomy, followed by brachytherapy during a 48-month fol-

low-up [43]. Similarly, Rahatli et al. [38] included 62 patients with 

stage Ib grade I–III disease and performed postoperative VBT on 

21%. Five-year DFS rate was 94.4% and OS rate was 93.1%. The 

authors concluded that, although the majority of the patients did 

not receive postoperative adjuvant therapy, stage Ib disease with 

low recurrence rates could be managed with surgery alone. 

Several studies have shown that vaginal recurrence is associated 

with deep myometrial invasion, high-grade disease, LVI, and cervi-

cal involvement in patients receiving no adjuvant therapy [11,33]. 

Recent data have suggested that LVI may be a prognostic factor for 

vaginal recurrence in poorly differentiated tumors with minimal 

deep invasion [44]. On the other hand, although myometrial inva-

sion is a predictive factor for survival [32,45], some authors have 

suggested that it has no impact on DFS and recurrence [17,44]. In 

consistent with the current literature datas, the depth of myome-

trial invasion was not associated with locoregional recurrence and 

survival in our study. Even though LVI was a significant factor for 

DFS, the predominant failure was distant metastasis. Regarding 

there was no regional failure with VBT only and LVI was the most 

important factor DFS, additional adjuvant chemotherapy might be 

considered for these patients with LVI [46]. 

Furthermore, grade is a major prognostic factor for vaginal and 

pelvic recurrence [23,24]. Several studies have shown that progres-

sion-free survival (PFS) [5] and DFS rates are lower in grade III dis-

ease [47]. In addition, one-third of stage Ic grade III tumors may 

distantly metastasize [8]. In such cases, more aggressive treatment 

options including chemotherapy can be administered due to high 

risk of pelvic and distant metastases. In a subgroup analysis con-

ducted by the Nordic Society of Gynecological Oncology/European 

Organization for the Research and Treatment of Cancer (NSOG/EO-

RTC) task force, chemotherapy contributed to improved PFS rates 

in this patient population [48]. In the current study, however, a 

higher number of patients with stage Ib grade III had distant me-

tastases, indicating no statistically significant difference. We also 

found no contributor factor for DFS and OS. 

Moreover, VBT alone and chemotherapy have been increasingly 

widely adopted as effective treatment modalities in early-stage 

high-risk tumor histology and high-grade tumors. In Mayo Clinic 

study, 103 patients with stage I serous papillary and clear-cell car-

cinoma received postoperative VBT or VBT + chemotherapy (34%) 

and 5-year OS rate was found to be 84% with a vaginal recurrence 

rate of 3% and locoregional recurrence rate of 7% [49]. The au-

thors concluded that VBT was effective in preventing vaginal recur-

rences in patients with comprehensive surgical staging and stage I 

serous papillary and clear-cell carcinoma. Larger sites for VBT were 

not considered appropriate, as the rate of pelvic and extra-pelvic 

recurrences was low. In a review stage I–II serous papillary received 

adjuvant VBT + chemotherapy and local control rate was found to 

be 97.5% (range, 91% to 100%), and OS to be 93% (range, 82% to 

94%) during a mean of 24.8-month follow-up period [50]. In our 

study, despite the limited number of high-grade tumor histology, 

none of the patients treated with VBT + chemotherapy had locore-

gional recurrence. 

Additionally, LVI is known to increase the risk of vaginal recur-

rence [8,10,18,51]. The presence of LVI is also significantly associ-

ated with lymph node metastasis, tumor recurrence, and survival 

[52]. In our study, we obtained decreased DFS in the patients with 

LVI without any impact on local control and OS. 

Currently, surgical approaches have attempted to add pelvic 

paraaortic lymphadenectomy to definite diagnosis and radical hys-

terectomy [11,53]. As a result, Lutman et al. [54] showed an associ-

ation between the number of lymph nodes dissected and survival. 

The survival rate increased in high-risk patients with stage I–II en-

dometrial cancer, if more than 12 lymph nodes were dissected. In 

consistent with these findings, we also observed that OS rate was 

significantly higher in patients in whom more than 20 lymph nodes 

were dissected. No pelvic lymph node recurrence despite VBT can 

be a determinant factor for identifying the need for lymphadenec-

tomy as an adjuvant therapy. 

Vaginal bracytherapy is an effective and adequate treatment 

modality in early-stage endometrial cancer even in stage Ib grade 

III disease with low cost and toxicity rate [21]. The most common 
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side effects include mucosal telangiectasia, atrophy, stricture or 

adhesion. Dose distribution is often localized with VBT; therefore, 

radiation dose absorbed by the small intestines can be neglected 

and rectal dose can be adjusted below the threshold. In our study, 

none of the patients had serious complications and the quality of 

life was preserved. 

In conclusion, given the fact that the vaginal cuff is the most 

common site of recurrence in early-stage endometrium cancer, VBT 

alone is safe and efficient treatment in surgically staged disease. In 

exceptional, it has been suggested to add chemotherapy to 

brachytherapy in the patients with stage Ib grade III and unfavor-

abl histopathological reports according to guidelines. 
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Purpose: To investigate the role of pre- and post-stereotactic body radiation therapy (SBRT) neutro-
phil-to-lymphocyte ratio (NLR) in patients with localized pancreatic cancer treated with anti-PD-1 (pro-
grammed cell death protein-1) antibody and SBRT. 
Materials and Methods: This was a retrospective review of 68 patients with borderline resectable or lo-
cally advanced pancreatic cancer treated with anti-PD-1 antibody and SBRT after multi-agent chemo-
therapy. Immunotherapy was administered with 5-fraction SBRT in the neoadjuvant, concurrent, or adju-
vant/maintenance setting. Clinical outcomes included overall survival (OS), local progression-free surviv-
al, distant metastasis-free survival, and progression-free survival. Median pre- and post-SBRT peripheral 
blood markers were compared with the Mann-Whitney U test. Univariate and multivariable analyses 
(UVA and MVA) were performed to identify variables associated with clinical outcomes. Linear regression 
was performed to determine correlations between variables and peripheral blood markers. 
Results: A total of 68 patients were included in the study. The percent change between median pre- and 
post-SBRT absolute lymphocyte count (ALC), absolute neutrophil count, and NLR were -36.0% (p < 
0.001), -5.6% (p = 0.190), and +35.7% (p = 0.003), respectively. Median OS after SBRT was 22.4 months. 
On UVA, pre-SBRT CA19-9 (hazard ratio [HR] = 1.001; 95% confidence interval [CI], 1.000–1.001; p = 
0.031), post-SBRT ALC (HR = 0.33; 95% CI, 0.11–0.91; p = 0.031), and post-SBRT NLR (HR = 1.13; 95% 
CI, 1.04–1.22; p = 0.009) were associated with OS. On MVA, induction chemotherapy duration (HR = 
0.75; 95% CI, 0.57–0.99; p = 0.048) and post-SBRT NLR (HR = 1.14; 95% CI, 1.04–1.23; p = 0.002) pre-
dicted for OS. Patients with post-SBRT NLR ≥3.2 had a median OS of 15.6 months versus 27.6 months in 
patients with post-SBRT NLR <3.2 (p = 0.009). On MVA linear regression, log10CTV had a negative cor-
relation with post-SBRT ALC (regression coefficient = -0.314; 95% CI, -0.626 to -0.003; p = 0.048).  
Conclusion: Elevated NLR after SBRT is primarily due to depletion of lymphocytes and associated with 
worse survival outcomes in localized pancreatic cancer treated with anti-PD-1 antibody. Larger CTVs 
were associated with decreased post-SBRT ALC. 
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Introduction 

Pancreatic cancer is currently the third most common cause of can-

cer related deaths in the United States, responsible for over 48,000 

deaths each year [1]. In fact, it is projected to be the second most 

common cause by the year 2030 [2]. Treatment of pancreatic cancer 

usually involves a combination of chemotherapy, radiation therapy, 

and surgery [3]. Even with aggressive therapy, prognosis is poor with 

5-year overall survival (OS) rates of less than 15% for borderline re-

sectable and locally advanced pancreatic adenocarcinoma (BRPC/

LAPC) [4]. Novel therapies are needed to improve outcomes. 

One area of investigation is the use of immune checkpoint inhib-

itors (ICIs), such as programmed cell death-1 (PD-1) inhibitors, 

which have shown great promise in a wide range of malignancies 

including non-small cell lung cancer, melanoma, and esophageal 

cancer [5-7]. However, the role of ICIs in pancreatic cancer is tenu-

ous. The current literature is sparse, with some reports demonstrat-

ing that there is limited benefit of ICI monotherapy in pancreatic 

cancer [8,9]. This is thought to be due to the immunosuppressive 

and stroma-rich microenvironment of pancreatic cancer [10]. The 

combination of ICIs with other immunotherapeutic agents and ste-

reotactic body radiation therapy (SBRT) may increase the immuno-

genicity of the pancreatic tumor microenvironment (TME) and is 

currently being investigated [11-16]. 

One of the hallmarks of cancer is inflammation which is an im-

munologic response mediated by a variety of cells and signaling 

molecules [17]. The neutrophil-to-lymphocyte ratio (NLR) is a read-

ily available marker of inflammation and immunogenicity, with el-

evated levels associated with poor outcomes in many solid tumors 

[18]. Although studies have demonstrated the prognostic and pre-

dictive value of NLR in various cancers treated with ICIs, there have 

been no studies investigating the role of NLR in localized pancreat-

ic cancer treated with ICIs and SBRT [19,20]. Such information may 

inform decisions regarding radiation planning (dose, target volume, 

etc.) in the setting of immunotherapy for pancreatic cancer. At our 

institution, we have been exploring the combination of ICI therapy 

and SBRT in localized pancreatic cancer in the setting of several 

clinical trials. As such, the purpose of this study was to investigate 

the impact of pre- and post-SBRT NLR on clinical outcomes in a 

cohort of localized pancreatic cancer patients treated with an-

ti-PD-1 antibody and SBRT as well as to identify factors associated 

with NLR dynamics. 

Materials and Methods 

1. Study design 
This study was was a single institution retrospective review of pa-

tients with BRPC/LAPC who were treated with multi-agent induc-

tion chemotherapy followed by anti-PD-1 antibody and SBRT be-

tween August 2016 and May 2021. Patients were included in the 

study if they met the following criteria: (1) biopsy proven diagnosis 

of pancreatic adenocarcinoma, (2) locally advanced or borderline 

resectable disease per the National Comprehensive Cancer Network 

(NCCN) guidelines [3], (3) treatment with induction chemotherapy, 

anti-PD-1 antibody, and SBRT, (4) peripheral blood markers avail-

able for review pre- and post-SBRT, and (5) regular follow-up with 

post-treatment diagnostic imaging. All data including patient in-

formation, treatment details, clinical outcomes, and peripheral 

blood markers were retrospectively collected. Initial induction che-

motherapy regimens consisted of FOLFIRINOX (FFX) and gemcit-

abine/nab-paclitaxel (GnP). Immunotherapy consisted of various 

experimental immunologic agents in combination with anti-PD-1 

antibody. Immunotherapy was administered with SBRT in the neo-

adjuvant, concurrent, and/or adjuvant/maintenance setting. When 

given in the concurrent setting, anti-PD-1 antibody was adminis-

tered a few hours after fraction one of SBRT. The study was con-

ducted in accordance with the Declaration of Helsinki, and was ap-

proved by our institutional review board of Johns Hopkins Universi-

ty (No. 00285919). Given the retrospective nature of the study, 

written informed consent was waived.

2. SBRT details 
Patients were treated with 5-fraction SBRT on 5 consecutive busi-

ness days. Prior to simulation, endoscopic ultrasound guided place-

ment of fiducials was performed to be used for daily image guid-

ance. At time of simulation, thin sliced computed tomography (CT) 

scans with intravenous contrast were obtained, with patients posi-

tioned supine and arms above head in a Vac-lok device (CIVCO 

Medical Solutions, Coralville, IA, USA) for immobilization. Active 

breathing control (ABC; Elekta, Stockholm, Sweden) was utilized for 

respiratory motion management. In patients who could not tolerate 

ABC, a four-dimensional CT scan was acquired, and an internal tar-

get volume (ITV) was generated from the maximum inspiratory and 

expiratory phases. Pinnacle treatment planning system (Phillips Ra-

diation Oncology Systems, Fitchburg, WI, USA) was used for target 

and organ-at-risk delineation. The clinical target volume (CTV) in-

cluded the gross tumor plus regions at risk for microscopic disease, 

such as full circumference of involved and/or adjacent vasculature. 

The planning target volume was generated by adding a 2–5 mm 

isotropic margin to the CTV in breath-hold cases and to the ITV in 

free-breathing cases. Radiation prescription goals were as follows: 

(1) dose coverage—prescription dose to cover ≥98% of CTV and 

≥90% of PTV, 25 Gy to cover 100% of the CTV and ≥99% of PTV, 

(2) gastrointestinal organs (stomach, duodenum, bowel)—V33 <1 
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mL, V20 <20 mL, max dose to planning organ-at-risk volume (3 mm 

margin around organs) <40 Gy. Pre-treatment and intrafractional 

cone-beam CTs were acquired to verify patient positioning. Patients 

were aligned to spine and then shifted to align to fiducials. All pa-

tients were treated on an Elekta linear accelerator unit. 

3. Peripheral blood markers 
Absolute lymphocyte counts (ALC) and absolute neutrophil count 

(ANC) were collected pre- and post-SBRT. Values were recorded 

within 4-weeks prior to SBRT and 1–6 weeks after completion of 

SBRT. If multiple values existed, the values closest to start of SBRT 

and closest to 4-weeks after SBRT were recorded. The NLR was cal-

culated by dividing the ANC by ALC for each patient. 

4. Clinical outcomes 
Clinical outcomes included OS, local progression-free survival 

(LPFS), distant metastasis-free survival (DMFS), and progres-

sion-free survival (PFS). OS was defined as time from SBRT to 

death. LPFS and DMFS were defined as time from SBRT to radio-

graphic evidence of locoregional progression and distant progres-

sion, respectively. PFS was defined as time from SBRT to any radio-

graphic evidence of progression or death. 

5. Statistical analysis 
Descriptive statistics was used to record patient demographic, 

treatment, and disease characteristics, including age, sex, Eastern 

Cooperative Oncology Group status, disease extent, disease grade, 

chemotherapy duration and regimen, immunotherapy, radiation 

therapy, resection status, and peripheral blood values. Differences 

in median pre- and post-SBRT ALC, ANC, and NLR values were as-

sessed using the Mann-Whitney U test. To account for multicol-

linearity, continuous variables were selected with backwards elimi-

nation such that variables with a variance inflation factor (VIF) 

>2.5 were eliminated. Univariate Cox analysis was performed to 

identify associations between the aforementioned variables with 

OS, LPFS, DMFS, and PFS. Variables with p <  0.1 on univariate Cox 

analysis were entered in multivariable Cox analysis and subse-

quently removed if significance rose to p >  0.1. Receiver operative 

characteristics analysis was performed to identify the optimal post-

SBRT NLR cut-off value in predicting OS. Kaplan-Meier method 

was used for survival analysis and log-rank test was performed to 

assess significance between groups. Correlations between periph-

eral blood markers and CTV were assessed with Spearman coeffi-

cient. Univariate and multivariable linear regression were per-

formed to determine the association between variables and post-

SBRT lymphocyte counts. The CTV values were log transformed 

(log10CTV) to generate a normal distribution. Variables with p <  0.1 

on univariate linear regression were entered into multivariable lin-

ear regression and subsequently removed if significance rose to p 

>  0.1. All p-values were two-sided and statistical significance was 

considered p <  0.05. All statistical analysis was performed with 

JMP version 15.0 (SAS Institute, Cary, NC, USA). 

Table 1. Patient, treatment, and disease characteristics (n = 68)

Characteristic Value
Age (yr) 64.5 (41.7–84.1)
Sex
 Male 39 (57.3)
 Female 29 (42.7)
ECOG performance status
 0 24 (35.3)
 1 44 (64.7)
Location of primary tumor
 Head 37 (54.4)
 Other 31 (45.6)
Disease extent
 Borderline resectable 9 (13.2)
 Locally advanced 59 (87.8)
Baseline CA19-9 (U/mL) 224.5 (<1.0–8094.0)
Pre-SBRT CA19-9 (U/mL) 40.0 (<1.0–3264.4)
Induction chemotherapy duration (mo) 5 (1–8)
Initial induction chemotherapy
 FFX 61 (89.7)
 GnP 7 (10.3)
Anti-PD-1 antibody duration (cycles) 2 (1–18)
Anti-PD-1 antibody timing with SBRT
 Neoadjuvant/concurrent 30 (44.1)
 Neoadjuvant/concurrent/adjuvant/maintenance 20 (29.4)
 Adjuvant/maintenance 15 (22.1)
 Neoadjuvant 2 (2.9)
 Concurrent 1 (1.5)
SBRT dose and fractionation
 33 Gy in 5 fractions 67 (98.5)
 30.5 Gy in 5 fractions 1 (1.5)
CTV (cm3) 88.2 (19.2–288.5)
Surgically resected 42 (61.8)
 Whipple 26 (61.9)
 Distal 13 (30.9)
 Total pancreatectomy 3 (7.2)

Values are presented as median (range) or number of patients (%).
ECOG, Eastern Cooperative Oncology Group; CA19-9, cancer antigen 
19-9; FFX, FOLFIRINOX; GnP, gemcitabine/nab-paclitaxel; PD-1, pro-
grammed cell death protein 1; SBRT, stereotactic body radiation thera-
py; CTV, clinical target volume.
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Results 

1. Cohort characteristics 
Patient, treatment, and disease characteristics are shown in Table 1. 

From August 2016 to May 2021, 68 patients were treated with 

multi-agent induction chemotherapy followed by anti-PD-1 anti-

body and SBRT. The median age was 64.5 years (range, 41.7 to 84.1 

years) and 57.3% were male. Borderline resectable and locally ad-

vanced disease was present in nine patients (13.2%) and 59 pa-

tients (87.8%), respectively. Baseline and pre-SBRT CA19-9 values 

were 224.5 U/mL (range, <1 to 8094.0 U/mL) and 40.0 U/mL 

(range, <1 to 3264.4 U/mL), respectively. Initial induction chemo-

therapy consisted of FFX (61/68; 89.7%) and GnP (7/68; 10.3%). Of 

note, five patients were transitioned from FFX to GnP, one patient 

from FFX to capecitabine, and one patient from GnP to gemcit-

abine due to intolerance of initial chemotherapy. Anti-PD-1 anti-

body therapy was delivered with SBRT in the neoadjuvant/concur-

rent (30/68; 44.1%), neoadjuvant/concurrent/adjuvant/ mainte-

nance (20/68; 29.4%), adjuvant alone (15/68; 22.1%), neoadjuvant 

alone (2/68; 2.9%), and concurrent alone (1/68; 1.5%) setting. 

Nearly all patients received SBRT to 33 Gy in 5 fractions (67/68; 

98.5%), with one patient receiving 30.5 Gy in 5 fractions. Surgical 

resection was performed in 61.8% of patients (42/68), with the 

specific types of surgical procedure including the Whipple proce-

dure (26/42; 61.9%), distal pancreatectomy (13/42; 30.9%), and 

total pancreatectomy (3/42; 7.2%). 

2. Increase in NLR is a result of depletion of lymphocytes 
Table 2 shows pre- and post-SBRT ALC, ANC, and NLR values for 

the entire cohort. The median pre-SBRT ALC, ANC, and NLR values 

were 1.50 ×103/μL (range, 0.33 to 3.73 ×103/μL), 3.19 ×103/μL 

(range, 1.36 to 17.9 ×103/μL), and 2.38 (range, 0.52 to 44.1), re-

spectively. The median post-SBRT ALC, ANC, and NLR values were 

0.84 ×103/μL (range, 0.32 to 1.93 ×103/μL), 2.87 ×103/μL (range, 

1.24 to 9.64 ×103/μL), and 3.41 (range, 1.32 to 16.9), with a 

change of -36.0% (p <  0.001), -5.6% (p =  0.190), and +35.7% (p 

=  0.003), respectively. To determine if timing of blood draws after 

SBRT influenced NLR, we performed Mann-Whitney U test be-

tween patients who had labs drawn 1–4 weeks versus 4–6 weeks 

after SBRT, with no significant difference in NLR between the two 

groups (p =  0.994). We did the same analysis to determine if che-

motherapy regimen (FFX vs. GnP) influenced NLR, with no signifi-

cant difference detected (p =  0.703). 

3. Clinical outcomes: post-SBRT NLR is associated with OS 
The median follow-up time for the entire cohort was 10.7 months 

(range, 1.9 to 53.3 months). Of the 68 patients, 33 (48.5%) had 

died and 35 (51.5%) were alive. Among patients who were alive, 

median follow-up time was 8.3 months (range, 1.9 to 53.3 

months). Median OS from time of SBRT was 22.4 months, with 

1-year, 2-year, and 3-year OS rates of 66.9%, 47.3%, and 28.2%, 

respectively. On UVA, pre-SBRT CA19-9 (hazard ratio [HR] =  1.00; 

95% confidence interval [CI], 1.000–1.001; p =  0.031), post-SBRT 

ALC (HR =  0.33; 95% CI, 0.11–0.91; p =  0.031), and post-SBRT 

NLR (HR =  1.13; 95% CI, 1.04–1.22; p =  0.009) were associated 

with OS, with a trend towards significance for induction chemo-

therapy duration and CTV volume (Table 3). On stepwise MVA, only 

induction chemotherapy duration (HR =  0.75; 95% CI, 0.57–0.99; 

p =  0.048) and post-SBRT NLR (HR =  1.14; 95% CI, 1.04–1.23; p 

=  0.002) were associated with OS (Table 3). Receiver operator 

characteristic analysis identified the optimal post-SBRT NLR cut-

off value of 3.2 in predicting OS (area under the curve =  0.639, 

sensitivity =  74.3%, specificity =  56.3%) (Fig. 1A). Patients with 

post-SBRT NLR ≥3.2 had a median OS of 15.6 months versus 27.6 

months in patients with post-SBRT NLR <3.2 (p =  0.009) (Fig. 1B). 

Supplementary Tables S1–S3 show UVA and MVA for LPFS, 

DMFS, and PFS. On UVA of LPFS, only larger CTV volume was asso-

ciated with inferior outcome (HR =  1.01; 95% CI, 1.00–1.02; p =  

0.019). As such, MVA was not performed for LPFS. On UVA of 

DMFS, elevated pre-SBRT CA19-9 (HR =  1.01; 95% CI, 1.000–

1.001; p <  0.001) was associated with worse outcome. As such, 

MVA was not performed for DMFS. On MVA of PFS, only elevated 

pre-SBRT CA19-9 was associated with inferior outcome (HR =  

1.01; 95% CI, 1.00–1.01; p <  0.001). 

4. CTV is associated post-SBRT lymphocyte counts 
Given that the increase in NLR was primarily due to depletion of 

lymphocytes (Table 2), we wanted to determine if there were any 

Table 2. Pre- and post-SBRT lymphocyte, neutrophil, and NLR values

Variable Pre-SBRT Post-SBRT % Change p-value
ALC (×103/μL) 1.50 (0.33–3.73) 0.84 (0.32–1.93) -36.0 <0.001
ANC (×103/μL) 3.19 (1.36–17.9) 2.87 (1.24–9.64) -5.6 0.190
NLR 2.38 (0.52–44.1) 3.41 (1.32–16.9) +35.7 0.003

Values are presented as median (range).
SBRT, stereotactic body radiation therapy; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; NLR, neutrophil to lymphocyte ratio.
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variables, including modifiable treatment characteristics, associat-

ed with post-SBRT ALC. There was a negative correlation between 

log10CTV and post-SBRT ALC (r =  -0.284, p =  0.020) (Fig. 2A). To 

determine if this association existed prior to radiation or was radi-

ation induced, log10CTV was plotted against pre-SBRT ALC, with no 

correlation found (r =  -0.031, p =  0.800) (Fig. 2B). Similarly, there 

was no correlation between log10CTV and post-SBRT ANC (r =  

0.052, p =  0.675) (Fig. 2C). Table 4 shows univariate and multivari-

able linear regression of variables associated with post-SBRT ALC. 

On MVA, when accounting for age, sex, ECOG, disease extent, in-

Fig. 1. Receiver operating characteristic (ROC) curve showing (A) optimal post-SBRT NLR value predicting overall survival and (B) Kaplan-Meier 
curve showing overall survival stratified by post-SBRT NLR of 3.2. Intersection of yellow line and ROC curve in Fig. 1A corresponds to the opti-
mal NLR cut-off value of 3.2. SBRT, stereotactic body radiation therapy; NLR, neutrophil to lymphocyte ratio.

Table 3. Univariate and multivariable analyses of overall survival

Univariate Multivariable
HR 95% CI p-value HR 95% CI p-value

Age (yr) 1.02 0.99–1.06 0.182
Sex (male vs. female) 0.79 0.40–1.53 0.467
ECOG performance status (1 vs. 0) 1.56 0.76–3.20 0.225
Disease extent (BRPC vs. LAPC) 1.20 0.37–3.96 0.761
Tumor location (head vs. other) 1.30 0.67–2.54 0.442
Induction CT duration (mo) 0.79 0.60–1.04 0.094 0.75 0.57–0.99 0.048
Induction CT (FFX vs. GnP) 0.67 0.26–1.76 0.417
Grade (I/II vs. III) 0.92 0.44–1.93 0.831
Resected (yes vs. no) 0.66 0.34–1.29 0.229
CTV (cm3) 1.01 0.99–1.01 0.051
Baseline CA19-9 (U/mL) 1.00 0.99–1.00 0.309
Pre-SBRT CA19-9 (U/mL) 1.001 1.000–1.001 0.031
Baseline total bilirubin (mg/dL) 1.08 0.96–1.17 0.173
Pre-SBRT
 ALC (×103/μL) 0.66 0.34–1.13 0.140
 NLR 1.04 0.94–1.10 0.354
Post-SBRT
 ALC (×103/μL) 0.33 0.11–0.91 0.031
 NLR 1.13 1.04–1.22 0.009 1.14 1.04–1.23 0.002

ECOG, Eastern Cooperative Oncology Group; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; CT, chemother-
apy; FFX, FOLFIRINOX; GnP, gemcitabine/nab-paclitaxel; CTV, Clinical target volume; CA19-9, cancer antigen 19-9; SBRT, stereotactic body radiation 
therapy; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; NLR, neutrophil to lymphocyte ratio; HR, hazard ratio; CI, confidence in-
terval.
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duction chemotherapy duration and regimen, and disease grade, 

log10CTV (regression coefficient =  -0.314; 95% CI, -0.626 to 

-0.003; p =  0.048) had a significant negative correlation with 

post-SBRT ALC, while pre-SBRT ALC (regression coefficient =  

0.217; 95% CI, 0.057 to 0.344; p =  0.001) had significant positive 

correlation with post-SBRT ALC. 

Discussion and Conclusion 

In this report, we show that elevated NLR after SBRT is a result of 

depletion of lymphocytes and associated with inferior survival out-

comes in localized pancreatic cancer treated with anti-PD-1 anti-

body. Furthermore, larger CTVs was associated with decreased 

post-SBRT lymphocyte counts. These findings may have implica-

tions on radiation field design for localized pancreatic cancer, par-

ticularly in the setting of combination therapy with immunothera-

peutic agents. 

The role of ICIs in pancreatic cancer is still under investigation. 

Only a handful of studies exist, which suggest that ICI monothera-

py may have limited benefit [8,9,21,22]. This is likely due to immu-

nosuppressive and hypoxic environment of the pancreatic TME [10]. 

Additionally, pancreatic adenocarcinoma is associated with low 

mutational burden, affecting neoantigen production and immune 

recognition [23,24]. To increase tumor immunogenicity, trials are 

investigating combination therapy of ICI with vaccines, chemokine 

inhibitors, oncolytic viruses, and SBRT [11-16,25]. Prognostic mark-

ers that take into account immunogenicity may aid in selection of 

these personalized therapies. 

It is widely known that inflammation and cancer are inextricably 

linked [26]. The NLR is a marker of inflammation and immunoge-

nicity, with elevated levels associated with poor outcomes in vari-

ous malignancies [18]. The NLR is practical measure since it can be 

calculated from routine blood counts. Although the exact mecha-

nism is unknown, it is thought that the NLR takes into account 

Fig. 2. Correlations among (A) post-SBRT ALC, (B) pre-SBRT ALC, and (C) post-SBRT ANC with log10 (CTV). Spearman correlation coefficients (r) 
and p-values are displayed. SBRT, stereotactic body radiation therapy; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CTV, 
clinical target volume.

Table 4. Univariate and multivariable linear regression of post-SBRT ALC

Univariate Multivariable
Regression 
coefficient 95% CI p-value Regression 

coefficient 95% CI p-value

Age (yr) -0.005 -0.014 to 0.004 0.297
Sex (male vs. female) -0.035 -0.124 to 0.054 0.439
ECOG performance status (1 vs. 0) -0.005 0.098 to 0.088 0.914
Disease extent (BRPC vs. LAPC) 0.080 -0.055 to 0.214 0.242
Tumor location (head vs. other) 0.056 -0.031 to 0.143 0.203
Induction CT duration (mo) -0.016 -0.083 to 0.051 0.643
Induction CT (FFX vs. GnP) 0.056 -0.102 to 0.213 0.483
Grade (I/II vs. III) 0.003 -0.010 to 0.103 0.959
Log10CTV -0.326 -0.661 to 0.010 0.057 -0.314 -0.626 to -0.003 0.048
Pre-SBRT ALC (×103/μL) 0.220 0.090 to 0.349 0.001 0.217 0.057 to 0.344 0.001

SBRT, stereotactic body radiation therapy; ALC, absolute lymphocyte count; ECOG, Eastern Cooperative Oncology Group; BRPC, borderline resectable 
pancreatic cancer; LAPC, locally advanced pancreatic cancer; CT, chemotherapy; FFX, FOLFIRINOX; GnP, gemcitabine/nab-paclitaxel; CTV, clinical tar-
get volume; CI, confidence interval.
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both the pro-tumorigenic and anti-tumorigenic activity of neutro-

phils and lymphocytes, respectively. Neutrophils have been shown 

to secrete signaling molecules which promote tumor angiogenesis 

and evasion while suppressing cytotoxic T lymphocytes [27,28]. 

Lymphocytes, however, are associated with direct killing of cancer-

ous cells [29]. The NLR has been validated as a prognostic and pre-

dictive factor in a wide range of cancers including pancreatic ade-

nocarcinoma [18,30]. Recently, the prognostic value of NLR has 

been confirmed in various cancers treated with immunotherapy, 

including ICIs [19]. A report by Li et al. [31] showed that baseline 

and on-treatment NLR ≥5 predicted for worse OS in advanced 

cancers treated with ICIs. However, there have been no reports in-

vestigating the role of NLR in localized pancreatic cancer treated 

with ICIs and SBRT. 

We show that elevated post-radiation NLR is predictive of worse 

OS in BRPC/LAPC treated with anti-PD-1 antibody and SBRT. The 

mechanism by which elevated post-radiation NLR is associated 

with worse OS in these patients is unknown. A focus on lympho-

cyte counts could provide some insight. Our data suggest that the 

increase in NLR after SBRT is largely due to depletion of lympho-

cytes, which is in agreement with a recent study by Wolfe et al. 

[32]. Radiation induced lymphopenia is associated with worse sur-

vival outcomes in both resected and locally advanced pancreatic 

cancer [33,34]. Furthermore, anti-PD-1 antibody induce immuno-

genic cell death through direct activation of cytotoxic T lympho-

cytes. Therefore, a possible explanation is that elevated post-radia-

tion NLR is associated with inferior survival as a result of radia-

tion-induced depletion of lymphocytes, with decreased efficacy of 

ICI therapy as a result. However, lymphocytes alone cannot fully 

explain this interaction, as ALC was not associated with outcomes 

in our study, suggesting that neutrophils may play a role as well. 

Indeed, a recent report showed that neutrophilia was associated 

with inferior outcomes in LAPC treated with chemoradiation [35]. 

Therefore, further studies are needed to further elucidate the roles 

of neutrophils and lymphocytes in the pancreatic cancer TME and 

how they interact with SBRT and ICIs. 

Our data also demonstrate that larger CTVs correlated with de-

creased lymphocyte counts, which is in agreement with findings 

from others [36,37]. This suggests that field design is crucial in the 

radiation planning process for the treatment of pancreatic cancer. 

Currently, there is varying consensus on the appropriate target vol-

umes for the treatment of intact pancreatic cancer. Some advocate 

for coverage of smaller volumes including gross disease and adja-

cent vasculature, while others suggest that treating larger volumes 

with elective nodal irradiation may improve outcomes [38-41]. A 

prior analysis from our institution (results not published), for exam-

ple, showed that nearly all local failures mapped to a “triangle vol-

ume” bordered by peri-pancreatic vasculature, which supports irra-

diation of a larger volume beyond gross disease that contains peri-

neural tracts and lymphatic channels at risk of microscopic residual 

disease. However, the immunologic implications of targeting such 

a volume should be explored. One important consideration is 

whether radiation-induced lymphopenia is a result of irradiation to 

circulating blood/lymphatic channels or hematopoietic organs such 

as the spleen and vertebral bodies or a combination of both. If 

post-radiation lymphopenia is primarily due to irradiation of hema-

topoietic organs, then treating larger volumes such as the afore-

mentioned “triangle volume” with optimization of splenic and ver-

tebral body dosimetry may be appropriate. Prior reports do suggest 

that splenic and vertebral body dose is an important contributor to 

lymphopenia and that meeting specific dose constraints can miti-

gate this effect [42,43]. 

The current study has several limitations, including its retrospec-

tive nature. Additionally, patients were treated with heterogeneous 

induction chemotherapy regimens and different experimental im-

munotherapy agents in combination with anti-PD-1 antibody, 

which in turn, could influence peripheral blood markers, tumor in-

flammation, interaction with SBRT, and clinical outcomes. Similarly, 

the duration and timing of immunotherapy were also variable. Fi-

nally, post-SBRT peripheral blood markers were collected anywhere 

from 1–6 weeks after completion of treatment. It is possible that 

these values may have fluctuated during this time. The strengths of 

this study include its large sample size, homogeneity in SBRT dose/ 

fractionation, and long follow-up time. Despite the limitations, this 

is the first report on this subject and provides new information re-

garding the role of NLR in pancreatic cancer treated with an-

ti-PD-1 antibody and SBRT. 

In summary, we demonstrate that elevated NLR after SBRT is 

primarily due to depletion of lymphocytes and is associated with 

inferior survival in localized pancreatic adenocarcinoma treated 

with anti-PD-1 antibody. Additionally, larger CTVs were associated 

with decreased post-SBRT lymphocyte counts. Further investigation 

into the complex relationship between SBRT, NLR, and ICI activity 

is warranted.  
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Introduction 

The mainstay of treatment for early stage (T1-2) glottic laryngeal 

cancer is radiation therapy (RT) and surgery at the primary site. This 

is because early glottic cancer rarely metastasizes to regional 

lymph node or distant organs [1]. RT alone can achieve high local 

control and laryngeal preservation rates [2,3]. Many institutions 

have implemented hypofractionated RT regimens using up to 2.5 

Purpose: The purpose of this study was to evaluate the treatment outcomes and toxicity profile of 
patients with early glottic cancer who underwent hypofractionated radiation therapy (RT) with 3.5 Gy 
per fraction. 
Materials and Methods: A retrospective review was performed of the medical records of 35 patients 
with early stage (T1-2N0M0) glottic cancer who underwent definitive RT. The dose fractionation 
scheme was 59.5 Gy in 17 fractions. Posterior commissure was excluded from the clinical target vol-
ume (CTV) for 26 patients (74.3%) without glottic lesions close to this region. 
Results: With a median follow-up of 16.23 months (range, 6.82 to 67.15 months), no local, regional, 
or distant recurrence was reported. Acute hoarseness (65.7%), mucositis (68.6%), radiation dermatitis 
(60.0%) was frequent. One patient (2.9%) reported grade 3 acute toxicity (mucositis) and there was 
no grade 4–5 acute toxicity. There was no grade ≥3 late toxicities; however, grade 1 late intermittent 
hoarseness was frequent (45.7%). The receiver operative characteristic analysis revealed that mean 
hypopharyngeal dose was predictive for acute grade ≥2 mucositis (area under the curve=0.9314; 95% 
confidence interval, 0.8524–1). The optimal threshold of mean hypopharyngeal dose for occurrence 
of acute grade ≥2 mucositis was 26.31 Gy, with a specificity and sensitivity of 83.3% and 88.2%, re-
spectively. 
Conclusion: Hypofractionated RT with fraction size of 3.5 Gy for early glottic cancer is effective. The 
hypopharyngeal mean dose could predict the occurrence of grade ≥2 acute mucositis. The posterior 
commissure can be safely excluded from the CTV. 
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Gy per fraction and shown good local control with tolerable toxici-

ty [4-6]. Recent technological advances made it possible to further 

increase the dose per fraction, which can lead to better treatment 

outcomes and shorter treatment time for various types of cancer 

[7]. Early glottic cancer is a good candidate for this trend. Some 

clinicians have insisted that hypofractionated regimen should be 

standard in RT for T2 glottic cancer [8]. Additionally, there was a 

clinical trial to increase the fraction size up to 8.5 Gy [9]. Never-
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theless, increasing the fraction size should be applied with caution 

because severe acute and late toxicities may occur [10]. 

Our group conducted a phase I dose escalation trial for early 

glottic cancer. However, the trial was terminated due to a high rate 

of severe toxicities (33.3%), such as vocal cord ulcer and cartilage 

necrosis in the 5 Gy per fraction arm [11]. Nonetheless, the trial 

showed that RT with 3.5 Gy per fraction can be safely delivered to 

the glottis with no report of severe toxicities. Therefore, we imple-

mented this fractionation scheme in our institution. The purpose of 

this study was to evaluate the treatment outcomes and toxicity 

profile of patients with early glottic cancer who underwent RT with 

3.5 Gy per fraction. 

Materials and Methods 

1. Study population 
This study was approved by the Institutional Review Board of Seoul 

National University Hospital (No. H-2104-233-1218) before col-

lecting patient information. The informed consent was waived. A 

retrospective review was performed of the medical records of 35 

patients who underwent RT for histologically confirmed early (T1-

2N0M0) glottic squamous cell carcinoma with a dose fractionation 

scheme of 59.5 Gy in 17 fractions from January 2015 to December 

2020. Patients with a follow-up period shorter than 6 months from 

the start of RT were excluded. Seven patients were from the 3.5 Gy 

per fraction arm of the previous prospective trial in 2015; 28 were 

treated from 2018–2020. 

2. Treatment and follow-up 
RT was similarly planned with the previous prospective trial of the 

institution, as described previously [11,12]. Briefly, patients under-

went simulation computerized tomography (CT) scan in supine po-

sition with both arms adducted. Thermoplastic Aquaplast was used 

to immobilize the patient. The patients were instructed not to 

swallow during simulation CT scan and treatment. The target de-

lineation method has been slightly modified since 2018. Previously, 

the clinical target volume 1 (CTV1) was defined as the gross tumor 

volume and the CTV2 was defined as remaining larynx from the 

thyroid notch to the inferior border of the cricoid cartilage. From 

2018, posterior commissure was excluded from the CTV2 unless the 

lesion was close to it. As a result, posterior commissure was treated 

in 9 (25.7%) patients (7 from the previous trial). Examples of CTV 

delineation and dose distribution are illustrated in Fig. 1. The plan-

ning target volume (PTV) was constructed by expanding the CTVs 

by 3 mm. CTV-to-PTV expansion to the posterior direction was re-

duced when the CTV was close to the hypopharynx. Volumetric 

modulated arc therapy (VMAT) with simultaneous integrated boost 

was applied for RT planning and two arcs (180°–230°) of 6 MV 

photon beam were used. The dose prescription was as follows: 59.5 

Gy in 17 fractions to PTV1 and 47.6 Gy in 17 fractions to PTV2. One 

fraction was delivered each day, 5 days per week. All patients un-

derwent laryngomicrosurgery to obtain tissue for histologic confir-

mation before RT. Laryngoscopic examination was conducted to 

assess laryngeal and hypopharyngeal abnormalities during RT 

course. 

Fig. 1. Clinical target volume (CTV) delineation and dose distribution of (A) a patient enrolled in the previous prospective trial and (B) a patient 
who underwent radiotherapy after modification of the target delineation method. The red and blue lines represent CTV1 (59.5 Gy) and CTV2 
(47.6 Gy).

A B
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The patients were followed up at 2 weeks, 1, 3, and 6 months, 

and 1 year after RT completion. Thereafter, the patients were ad-

vised to follow up at a 4-month interval in the second year and 

6-month interval in the third to fifth years. Clinical examination 

with laryngoscopic evaluation was mainstay of follow-up modality, 

and imaging was optional.  

3. Clinical outcomes and toxicity profile  
The clinical outcomes in this study were local control (LC), regional 

control (RC), distant control (DC), and overall survival (OS). An LC 

event was defined as progression of disease in the glottic larynx, 

while a RC event was defined as metastasis to the neck lymph 

node area. A DC event was defined as the occurrence of distant 

metastasis and an OS event was defined as the death of the pa-

tients from any cause. 

A new occurrence or worsening of the symptoms or signs of 

hoarseness, mucositis, and radiation dermatitis were graded using 

the Common Terminology Criteria for Adverse Events (CTCAE) ver-

sion 5. Toxicity that occurred during the RT course or <3 months 

after RT completion was categorized as acute toxicity; other events 

were categorized as late toxicity. We hypothesized that exclusion 

of posterior commissure from the CTVs may reduce dose to the hy-

popharynx and occurrence of mucositis. Therefore, we evaluated 

hypopharyngeal dose threshold for occurrence of mucositis via re-

ceiver operating characteristic (ROC) curve analysis. The hypophar-

ynx was defined from the hyoid bone to cricoid cartilage, and de-

lineated during RT planning or for this retrospective analysis. The 

ROC curve was created for occurrence of grade ≥2 acute mucositis 

by mean hypopharyngeal dose. The optimal dose threshold was 

calculated by finding the point minimizing the Euclidean distance 

between the ROC curve and the (0,1) point [13]. All statistical anal-

yses were performed using R 4.1.0 (The R Foundation for Statistical 

Computing, Vienna, Austria). 

Results 

1. Patient characteristics 
Patient characteristics are summarized in Table 1. The patients 

were predominantly male (94.3%), and 88.6% had a history of 

smoking. The median pack-year of smokers was 30 (range, 3 to 80). 

Six smokers had unknown history of cigarettes consumed. The me-

dian interval between base of follow-up and termination of smok-

ing for ex-smokers was 78 months (range, 12 to 360 months), with 

three ex-smokers with unknown intervals. At the time of diagnosis 

of glottic cancer, 10 patients were current smokers, and four smok-

ers failed to quit smoking after the diagnosis. Thirty patients 

(85.7%) had T1 disease. The median overall treatment time was 24 

days (range, 22 to 29 days). 

2. Treatment outcomes 
The median follow-up from the start of RT was 16.23 months 

(range, 6.82 to 67.15 months). There was no local, regional, or dis-

tant recurrence reported. Therefore, the LC, RC, and DC rates were 

100%. The crude rate of OS was 97.1%. One patient was died five 

days after 6-month follow-up visit. He was seventy-four years old. 

In the last follow-up visit, the patient reported waxing and waning 

hoarseness and there was residual erythema on the neck. In laryn-

goscopic examination, no laryngeal mucosal lesion was found and 

the vocal cord had good mobility. Exact cause of death was un-

known. 

3. Toxicity profiles 
Toxicity profiles of the patients are summarized in Table 2. Acute 

hoarseness, mucositis and radiation dermatitis was frequent during 

or within 3 months after completion of the RT course (hoarseness, 

65.7%; mucositis, 68.6%; radiation dermatitis, 60.0%), although 

these acute toxicities were mostly grade 1–2. Only one (2.9%) 

grade 3 acute toxicity (mucositis) was reported and there was no 

Table 1. Characteristics of patients treated with 3.5 Gy per fraction

Characteristic Value
Age (yr) 66 (47–92)
Sex
 Male 33 (94.3)
 Female 2 (5.7)
ECOG performance status
 0 2 (5.7)
 1 33 (94.3)
Smoking
 Current smoker 10 (28.6)
 Ex-smoker 21 (60.0)
 Never 4 (11.4)
T stage
 T1a 21 (60.0)
 T1b 9 (25.7)
 T2 5 (14.3)
Differentiation
 Well differentiated 10 (28.6)
 Moderately differentiated 12 (34.3)
 Poorly differentiated 1 (2.9)
 Unknown 12 (34.3)

Values are presented as median (range) or number (%).
ECOG, European Cooperative Oncology Group.
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grade 4–5 toxicity. The patient with grade 3 acute mucositis had 

odynophagia during the RT course, and revisited the outpatient de-

partment 4 days after RT completion due to a worsening of throat 

pain and odynophagia. Posterior commissure was not included in 

the CTV for this patient. Hemorrhagic ulceration at the hypophar-

ynx was found during laryngoscopic examination and an opioid 

analgesic was prescribed. After supportive care without other in-

tervention, the symptoms were spontaneously subsided. No residu-

al mucositis was found in laryngoscopic examination performed in 

6 months after RT completion. The patients with posterior commis-

sure included in the CTV had a higher rate of grade ≥2 acute mu-

cositis (88.9% vs. 34.6%, p =  0.015). No treatment interruption or 

discontinuation due to acute toxicity was reported. In terms of late 

toxicities, there was no grade ≥3 event reported in the entire co-

hort. Late hoarseness was frequent (48.6%), but mostly intermit-

tent. Late radiation dermatitis was rare (5.7%). No late mucositis 

was reported.  

4. Mean hypopharyngeal dose and prediction of 
mucositis 
The patients with posterior commissure included in the CTV had a 

median mean hypopharyngeal dose of 36.20 Gy (range, 27.06 to 

45.72 Gy). In contrast, the patients without posterior commissure 

in the CTV had a median dose of 23.91 Gy (range, 13.03 to 35.66 

Gy). This difference was statistically significant (p <  0.001). The 

patients with acute grade ≥2 mucositis had a median mean hypo-

pharyngeal dose of 32.35 Gy (range, 23.90 to 45.72 Gy), while the 

patients without acute grade ≥2 mucositis had a median dose of 

21.80 Gy (range, 13.03 to 33.27 Gy). This difference was also sig-

nificant (p <  0.001). In the ROC analysis, mean hypopharyngeal 

dose was predictive for acute grade ≥2 mucositis (area under the 

curve=0.9314; 95% confidence interval, 0.8524–1). The ROC curve 

is illustrated in Fig. 2. The optimal threshold of mean hypopharyn-

geal dose for occurrence of acute grade ≥2 mucositis was 26.31 

Gy, with a specificity and sensitivity of 83.3% and 88.2%, respec-

tively. Among 18 patients with mean hypopharyngeal dose higher 

than 26.31 Gy, 15 patients (83.3%) had acute grade ≥2 mucositis. 

Two patients (11.8%) from remaining 17 patients with mean hypo-

pharyngeal dose less than 26.31 Gy had acute grade ≥2 mucositis. 

Discussion and Conclusion 

The previous prospective trial from our group reported that defini-

tive RT with a dose fractionation scheme of 59.5 Gy in 17 fractions 

for early glottic cancer had no dose-limiting toxicities or recur-

rence. The current study provided additional evidence with a larger 

cohort who underwent definitive RT for early glottic cancer with a 

fraction size of 3.5 Gy. All patients included in this study were dis-

ease-free during the follow-up period, and low rates of severe 

acute and late toxicities were reported. 

Hypofractionation may lead to better treatment outcomes for 

slowly growing tumors, and it has become the standard treatment 

method for breast and prostate cancer [14]. Many studies have 

evaluated hypofractionated RT for early glottic cancer with fraction 

sizes up to 2.5 Gy, and resulted in better local control or survival 

rates [4,6,15]. Furthermore, there was an effort to apply 52.5 Gy in 

3.28 Gy per fraction to early glottic cancer, with a 5-year LC rate of 

Table 2. Toxicity profile of patients treated with 3.5 Gy per fraction

Toxicity
Acute Late

Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3
Hoarseness 12 (34.3) 11 (31.4) 12 (34.3) 0 (0) 18 (51.4) 16 (45.7) 1 (2.9) 0 (0)
Mucositis 11 (31.4) 7 (20.0) 16 (45.7) 1 (2.9) 35 (100) 0 (0) 0 (0) 0 (0)
Radiation dermatitis 14 (40.0) 21 (60.0) 0 (0) 0 (0) 33 (94.3) 2 (5.7) 0 (0) 0 (0)

Values are presented as number (%).

Fig. 2. Receiver operating characteristic curve for occurrence of 
grade ≥2 acute mucositis versus mean hypopharyngeal dose.
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93% and 82% for T1 and T2 tumors, respectively, which is compa-

rable to other fractionation regimens [8,16]. It should be noted that 

the fractionation scheme of the current study has relatively high bi-

ologically effective dose (BED). BED of dose-fractionation schemes 

from the current study and other previous studies calculated by the 

equation based on linear quadratic model with consideration of tu-

mor proliferation are summarized in Table 3 [4,9,11,17,18]. We ap-

plied the same equation and parameters with Lim et al. [3]: 15 for 

α/β ratio, 0.35 for α, 28 days for kick-off time, and 3 days for poten-

tial doubling time. Furthermore, in the current study, this dose was 

delivered over a median treatment time of 24 days. Tumor clonogen 

repopulation during RT can start at 4 weeks after the start of RT 

[19]; therefore, irradiating a sufficient dose in a short period of time 

may increase the tumor control probability. No recurrence was re-

ported in the current study with a median follow-up of 16.23 

months, which may indicate that this fractionation scheme is at 

least comparable to the previous dose-fractionation schemes in 

terms of local control. However, further follow-up is required. 

One of the concerns about applying hypofractionated RT is the 

potential of increased toxicity. Some studies with moderate hypof-

ractionation with fraction size of 2.2–2.5 Gy reported higher inci-

dences of acute toxicity [20,21]. The crude rates of occurrence of 

acute hoarseness, mucositis, and radiation dermatitis in the current 

study were high; however, all reported acute toxicities were mild 

except one case of grade 3 mucositis. It should be noted that wide 

range of mild to moderate acute toxicity rates have been reported 

due to different methodology or criteria. For instance, Moon et al. 

[15] reported 9% of grade 1 mucous membrane toxicity and 21% 

of grade 1 larynx toxicity in hypofractionation arm with no grade 2 

acute mucous membrane and larynx toxicity, while Kodaira et al. 

[22] reported 80.3% of grade 1–2 dysphagia and 95.1% of grade 

1–2 voice change in hypofractionation arm. The crude rate of grade 

2 mucositis in the current study was 45.7%; nonetheless, not all RT 

plans used in the current study applied hypopharyngeal dose lim-

itation. We proposed a threshold of hypopharyngeal mean dose for 

mucositis, which means that the appropriate dose limitation to the 

hypopharynx may decrease the occurrence and severity of acute 

mucositis. The dose-response relationship between radiation dose 

and mucositis have been widely studied; reports and examinations 

for oral mucositis showed that mild or minimal mucositis is expect-

ed under approximately 30 Gy, whereas severe changes, such as ul-

ceration, appear with accumulated doses >30 Gy [23,24]. The op-

timal threshold of hypopharyngeal dose suggested in the current 

study was 26.31 Gy. BED with α/β ratio of 10 (without consider-

ation of time factor) for this dose is 30.38 Gy, which is close to BED 

for 28 Gy in 30–35 fractions. Note that fraction numbers of 30–35 

were frequently used in conventional fractionation schemes in 

head and neck cancer. This dose threshold is slightly lower than 

previous studies, which may be due to different toxicity criteria, 

endpoints, treatment times, or anatomy. In addition, potential of 

increased severe long-term laryngeal complications such as carti-

lage necrosis is needed to be considered for applying hypofraction-

ated RT. In the current study, low rates of severe late toxicities were 

reported, but longer follow-up would be warranted for addressing 

this issue adequately. 

Conventional treatment portals for early glottic cancer include 

the thyroid notch superiorly to cricoid cartilage inferiorly with the 

posterior border adjusted by the location of the lesion [25]. In the 

previous prospective trial from our group, the CTV delineation prin-

ciple was partly based on this conventional treatment portal set-

tings. The whole larynx, from the thyroid notch to the cricoid carti-

lage, was included in the low-dose CTV. Using the simultaneous in-

tegrated boost technique, higher dose could be delivered to the 

glottic lesion without extending overall treatment time. This CTV 

delineation principle was adjusted based on the evidence that pos-

terior commissure is less-frequently involved by glottic squamous 

cell carcinoma [26]. By excluding posterior commissure from the 

CTV, the hypopharyngeal dose can be controlled more easily, and 

this may lower the severity and occurrence of acute mucositis, as 

hypothesized from the proposed dose threshold of the current 

Table 3. Biologically effective dose (BED) for dose-fractionation schemes

Study Total dose (Gy) Does per fraction (Gy) Overall treatment timea) (day) BED (Gy)
Current study 59.5 3.5 23 76.68
Sher et al. [9] 42.5 8.5 10 78.47
Kang et al. [11] 55 5 24 75.97
Trotti et al. [17] 79.2 1.2 45 74.31

70 2 47 66.79
Yamazaki et al. [4] 66 2 45 63.58

63 2.25 31 70.47
Warde et al. [18] 50 2.5 26 59.65

a)With assumption of no interruption of the treatment, rather than actual median overall treatment time reported in each studies.

https://doi.org/10.3857/roj.2021.01025124

Tae Hoon Lee, et al.



study. Rather than treating the whole larynx, inclusion of high-risk 

area only to the CTV considering location of the glottic lesion could 

be also feasible. Target volume delineation principle of Sher et al. 

[9] is a good example. A more radical reduction of the target vol-

ume has been made in previous literature. Al-Mamgani et al. [27] 

have reported irradiating involved vocal cord only with a hypofrac-

tionated regimen of 58.08 Gy in 16 fractions for T1a glottic cancer. 

With a median follow-up of 30 months, they reported 2-year LC of 

100%. In the current study, 40.0% of the included patients had 

T1b-2 tumors, and no recurrence was reported. For T1b-2 tumors, 

our principles of CTV delineation may be more suitable, although 

adjustment of the principle would be needed. We are considering 

inclusion of the larynx within 1 cm from the glottis superiorly and 

inferiorly to the CTV, rather than including the whole larynx. Even 

though reducing target volume may be beneficial for toxicity pro-

file, caution should be taken when applying new principle due to 

microscopic tumor extension and nonsystematic movement of the 

larynx [28]. In addition, CTV-to-PTV margin of 3 mm used in the 

current study may not be large enough to properly cover organ 

motion of the glottic larynx [29]. Further studies are needed to de-

cide the exact principle for target volume delineation. 

The current study has several limitations. First, the patient cohort 

of the current study has a short follow-up period. Although late lo-

cal recurrence is possible, this early result retains some significance 

as the cohort has a longer median follow-up period than previously 

reported median times to local recurrence [3,5,15,30]. Further fol-

low-up is warranted for evaluation of late toxicities. Second, due 

to the retrospective nature of the current study, toxicities may have 

been underreported. Identifying toxicities from the medical records 

was primarily based on subjective symptoms, which may affect ac-

curacy. Bias may have been present by analyzing both prospective 

and retrospective cohorts, as underreporting the events could be 

more profound in retrospective cohort. Third, although we de-

scribed the relationship of acute mucositis and the hypopharyngeal 

mean dose, the current study could not quantify the exact benefit 

of excluding posterior commissure from the CTV because hypopha-

ryngeal dose limitation was not always defined during inverse 

planning process. Without proper hypopharyngeal dose limitation, 

even the exclusion of posterior commissure from the CTV may re-

sult high hypopharyngeal dose with minimal benefit. Finally, most 

patients (85.7%) included in the current study had T1 disease, 

which has a good prognosis. The dose fractionation scheme with 

high BED used in the current study would be more effective and 

suitable for T2 disease. Despite these limitations, the current study 

showed the efficacy of hypofractionated regimen and potential 

principle of CTV delineation. 

In conclusion, hypofractionated RT with 3.5 Gy per fraction for 

early glottic cancer is effective, with low rate of severe toxicities. 

No recurrence was reported in the current study. The hypopharyn-

geal mean dose could predict the occurrence of grade ≥2 acute 

mucositis. The posterior commissure may be safe to exclude from 

the CTV, which may reduce the occurrence of acute mucositis. We 

expect to report additional data with larger cohort and longer fol-

low-up for confirmation of the findings from the current study as 

well as evaluation of long-term toxicities in future. 
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Purpose: To assess the feasibility of accelerated hypofractionated radiotherapy with simultaneous in-
tegrated boost (SIB) in patients with breast cancer. 
Materials and Methods: A total of 27 patients after breast-conserving surgery were included in this 
study. Patients were planned on a four-dimensional computerized tomogram, and contouring was 
done using RTOG guidelines. The dose was 34 Gy/10#/2 week to the breast and 40 Gy/10#/2 week to 
the tumor bed as SIB with volumetric modulated arc technique. The primary endpoint was grade 2 
acute skin toxicity. Doses to the organs-at-risk were calculated. Toxicities and cosmesis were assessed 
using RTOG/LENT/SOMA and HARVARD/NSABP/RTOG grading scales, respectively. Disease-free surviv-
al (DFS) and overall survival (OS) were calculated with Kaplan-Meier curves.
Results: The mean age of the patients was 42 years. Left and right breast cancers were seen in 17 
(63%) and 10 (37%) patients, respectively. The mean values of ipsilateral lung V16 and contralateral 
lung V5 were 16.01% and 3.74%, respectively. The mean heart doses from the left and right breast 
were 7.25 Gy and 4.37 Gy, respectively. The mean doses to the contralateral breast, oesophagus, and 
Dmax to brachial plexus were 2.64 Gy, 3.69 Gy, and 26.95 Gy, respectively. The mean value of thyroid 
V25 was 19.69%. Grade 1 and 2 acute skin toxicities were observed in 9 (33%) and 5 (18.5%) patients, 
respectively. Grade 2 hyperpigmentation, edema, and induration were observed in 1 (3.7%), 2 (7.4%), 
and 4 (14.8%) patients, respectively. Mild breast pain and arm/shoulder discomfort were reported by 
1 (3.4%) patient. The median follow-up was 51 months (range, 12 to 61 months). At four years, 
breast induration, edema, and fibrosis were observed in 1 (3.7%) patient. Cosmesis was excellent and 
good in 21 (78%) and 6 (22%) patients, respectively. Local recurrence and distant metastases oc-
curred in 1 (3.7%) and 2 (7.4%) patients, respectively. DFS and OS at four years were 88% and 92%, 
respectively.
Conclusion: With this radiotherapy schedule, acute and late toxicity rates were acceptable with no 
adverse cosmesis. Local control, DFS, and OS were good.

Keywords: Breast cancer, Hypofractionation, Radiation toxicity  
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Introduction 

Breast cancer is the most common cancer among women globally 

as well as in our country [1]. Radiotherapy (RT) plays an important 

role in breast cancer management after breast-conserving surgery 

(BCS) or mastectomy. In patients with BCS, whole breast irradiation 

(WBI) can be delivered with many techniques. These techniques in-

clude two-dimensional (2D), 3-dimensional conformal RT (3D-CRT) 

with or without deep inspiration breath hold, field-in-field intensi-

ty-modulated radiotherapy (FF IMRT), inverse planning IMRT, to-

motherapy, image-guided radiotherapy (IGRT) and proton therapy. 

RT contributes by sterilizing the microscopic disease. Boost to the 

127www.e-roj.org

Copyright © 2022 The Korean Society for Radiation Oncology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://orcid.org/0000-0001-6185-4139


primary tumor site further reduces the risk of local recurrence 

within 2 cm of its location [2,3]. Young patients with ductal carci-

noma in situ (DCIS) histology have been reported to benefit from a 

boost to the primary site [4,5]. There are many techniques and mo-

dalities (photons, electrons, and brachytherapy) by which boost can 

be delivered. The optimal modality, timing, dose fractionation and 

technique of tumor bed boost have not yet been established, espe-

cially with hypofractionated RT. However, for a patient who may 

benefit from boost, simultaneous integrated boost (SIB) can be one 

of the methods for its delivery. It achieves dose conformity, homo-

geneity; lower toxicity rate and completes the treatment fast in 

one plan only leading to better patient compliance [6-8]. If boost is 

planned with volumetric-modulated arc therapy (VMAT), the treat-

ment delivery is fast, and planning on four-dimensional computed 

tomography (4D-CT) can improve its localization and onboard im-

aging can increase the accuracy of dose delivery [7]. Tumor bed 

boost has been shown to be associated with increased acute and 

late toxicity [5,9]. However, it depends on the total dose, dose per 

fraction, volume of the boost, modality and the technique used for 

boost delivery. In majority of the studies SIB was delivered in 3–5 

weeks and has been shown to be well tolerated [4-11]. SIB with 

accelerated hypofractionation can further reduce treatment dura-

tion from 3 weeks to 2 weeks. 

We have published our data with a radiation schedule of 34 Gy 

in 10 fractions over 2 weeks with 2D technique with acceptable 

toxicity and local control [12,13]. Breast boost in this study was 

sequential, 10 Gy/5#/1 week with photons or electrons. We further 

wanted to reduce this treatment duration to 2 weeks only. So, we 

planned the current feasibility study. Equivalent doses (EQD2) of 

this schedule will be 43.52 Gy3 for the WBI and 56 Gy3 for the tu-

mor bed, which is quite similar to the START B trial and our past 

experience [14]. Here, we report dosimetry, acute and late toxicities 

and the cosmetic outcomes in patients with breast cancer post-

BCS who were treated with accelerated hypofractionated WBI and 

SIB with VMAT technique over 2 weeks (10 fractions). 

Materials and Methods 

This prospective phase II study was conducted in the Department 

of Radiation Oncology, Regional Cancer Centre, PGIMER, Chandi-

garh from July 2016 to June 2017. Primary objective was to assess 

grade 2 acute skin toxicity with hypofractionated WBI with SIB 

completed in 10 fractions. Secondary objectives of the study were 

to determine dose distribution, target coverage, dose homogeneity 

dose conformity of the target volume, late toxicity and cosmetic 

outcomes. 

1. Patient selection 
Patients with breast cancer who had undergone BCS were included 

in this study. Institutional Ethics Committee of PGIMER approval 

was taken (No. INT/IEC/2017/127). Informed consent was taken 

from all the patients. The trial was registered with clinicaltrials.gov 

no. NCT04072718. Inclusion criteria were (1) primary cancer of 

breast of any histology, (2) age >18–70 years, (3) post-BCS with 

clear margins, healed scar, (4) Karnofsky performance status (KPS) 

>70, (5) regional nodal radiation when indicated (T3 tumors, posi-

tive nodes and T2 tumors with any of the two factors such as age 

<40 years, grade 3, estrogen receptor/progesterone receptor [ER/

PR] negative and with lymphovascular invasion) and (6) no distant 

metastasis. Indications for the boost were age <40 years, T3 tu-

mors, DCIS >25%, ER/PR negative, and close margins. Close mar-

gin was defined as margin <2 mm. Neoadjuvant or adjuvant che-

motherapy was allowed. Adjuvant endocrine therapy was given to 

patients with hormone receptor positive tumors. Exclusion criteria 

were mastectomy, history of prior primary malignancy, prior irradi-

ation to breast or chest, pregnancy and collagen vascular disease. 

2. Radiotherapy planning 
All patients were made to lie supine on a carbon fiber breast board 

or wing board or a T bar with ipsilateral arm abducted to 90º and 

face turned to the opposite side. Radiopaque markers were placed 

for defining the superior, inferior, medial, and lateral borders and 

the surgical scar. Three skin markings were placed along with the 

fiducials below the breast folds for the purpose of reproducibility 

and the location of tumor bed with respect to fiducials. 

All patients underwent a normal free-breathing scan with virtual 

CT breast simulation. Axial cuts were taken from the mandible to 

the upper abdomen with a slice thickness of 3 mm. The 4D-CT im-

ages with recording of the respiratory signals were acquired, taking 

organ motion into account. The delineation of the tumor cavity and 

contouring of the organs-at-risk (OARs) was done by using RTOG 

guidelines. Contouring for the target volumes were done on maxi-

mum intensity projection (MIP) of the 4D-CT. The OARs contoured 

were heart, bilateral lungs, contralateral breast, brachial plexus, 

esophagus, spinal cord, left anterior descending artery (LAD) and 

thyroid. 

The affected breast was contoured as the clinical target volume 

(CTV) excluding 5 mm from the skin. An additional 5 mm (0.5 cm) 

margin for setup error and motion was then added to CTV to form 

the planning target volume (PTV breast), excluding it from lungs 

and body by 5 mm to spare the skin. The nodal areas, when indi-

cated according to the risk factors, were also contoured following 

RTOG contouring guidelines. 
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3. Boost RT planning 
In each patient, tumor bed was delineated using clinical, radiologi-

cal (mammography/CT/ultrasound of breast), surgical (intra-opera-

tive notes, external and internal surgical scar location) findings, se-

roma cavity and surgical clip’s location. Internal target volume (ITV) 

was generated by contouring tumor bed in all phases of respiratory 

cycles on 4D-CT based on MIP images. A margin of 5mm was add-

ed to the cavity to form PTV boost. A dose of 34 Gy/10#/2 week to 

the PTV breast and 40 Gy/10#/2 week to the PTV boost was deliv-

ered with IGRT using the RapidArc technique. Partial arcs were 

used for RT planning. Dose distribution and target coverage criteria 

for PTV breast and PTV boost were 98% of volume should receive 

>95% of dose and 2% volume should receive <107% of dose. 

Conformity and homogeneity indices were also calculated for each 

plan [15-17]. 

Dose constraints were calculated for this schedule by considering 

the radiobiological equivalence to conventional fractionation. For 

example, V20 for the lung, of the conventional fractionation (50 

Gy/25#/5 week) will correspond to V16 of the 40 Gy (34 Gy to the 

breast + 8 Gy to the primary site) dose delivered in this study. Simi-

larly for the heart and LAD Dmax instead of V25 and <20 Gy, V18 and 

<15 Gy, respectively were used. Dose constraints given were ipsi-

lateral mean lung dose (MLD) ≤9 Gy, V16Gy <20% and contralateral 

lung V5 <5%. Mean heart dose (MHD) ≤7 Gy, V18 <5% for left 

side and <1% for the right side. LAD Dmax and Dmean to be <15 Gy 

and <8 Gy, respectively, from the left breast. Contralateral breast 

Dmean <3 Gy. Thyroid V25 and V30 should be <50% and <25%, re-

spectively. Dmax and Dmean for oesophagus <20 Gy and <5 Gy, re-

spectively. Dmax for the spinal cord and brachial plexus should be 

<30 Gy and <40 Gy, respectively. 

Cone beam CT was done on the first three consecutive days and 

then orthogonal images were taken daily for set-up verification. All 

patients were treated in free breathing.  

4. Assessments  
1) Toxicities 
Baseline assessment was done for all the patients. The physicians 

examined patients for any toxicity every week during treatment, at 

the treatment completion and during the follow-up visits. First fol-

low-up was at 2 weeks of completion of radiation and then at 1 

month for assessment of acute toxicity. Patients were followed ev-

ery 3 months in the 1st year, every 4 months in the 2nd year, every 

6 months thereafter. Toxicities were scored according to RTOG/

LENT/SOMA grading scale. 

Both physician and patients reported acute toxicities at 1 and 3 

months of completion of radiotherapy, which consists of the high-

est grade/severity observed/reported for the recording purpose. Late 

effects are reported at 6 months and 4 years follow-up by the pa-

tient and the physician. 

2) Cosmesis 
Cosmetic effects were assessed in the treated breast and compared 

with the opposite breast and with the baseline photographic eval-

uation. Both objective (skin reaction, overall grade, edema, indura-

tion, subcutaneous fibrosis, tenderness, scar changes and any other 

skin changes/ulceration) and subjective (hyperpigmentation, 

change in shape, change in size, nipple changes, heaviness, pain) 

parameters were used. The Harvard/NSABP/RTOG scale proposed by 

Harris et al. [18] was used to evaluate the cosmetic parameters. 

Variability in both objective and subjective assessment was evalu-

ated. Changes in terms of color, shape, size, any swelling, symmetry, 

texture, and position of nipple were noted in the treated breast. 

The assessment was done at baseline (before the start of radiation 

treatment), at the time of completion of treatment, at 1 month, 3 

months, 6 months, 1 year and 3 years after completion of treat-

ment. The long-term cosmetic effects were reported at 4 years. For 

subjective evaluation, a standard scale for assessment of cosmetic 

effect due to RT after BCS was used. For objective qualification, 

digital photography of the patient was used, before and after the 

treatment. Digital photo, in a front view of the patient including 

the sternal notch and both the breast with a light background with 

adequate light were taken. Two views with hands by side and 

hands raised above the head were taken for all the patients. A pic-

ture of the scar was also taken by the same person to avoid vari-

ability of clicked photos. 

3) Clinical outcomes 
Disease-free survival (DFS) and overall survival (OS) were summa-

rized by Kaplan-Meier curves. Local recurrence was defined as re-

currence in the in the involved breast, axilla, supraclavicular fossa, 

and internal mammary nodes. Distant metastases were defined as 

disease occurring in the other sites. Local recurrence and distant 

metastases were used to calculate DFS. Time was calculated from 

the date of completion of RT. OS was defined from the date of di-

agnosis till the last follow-up or death due to breast cancer. 

5. Statistical analysis 
The purpose of the trial was to reject the experimental treatment 

from further study if it is too toxic, and to accept it for further 

study if the toxicity is acceptable. The primary endpoint was grade 

2 acute skin toxicity, and other toxicities were considered second-

ary endpoints. The study was designed as a phase II trial with the 

following assumptions: 

(1) Grade 2 skin toxicity ≥36% was considered unacceptable, and 
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grade 2 skin toxicity ≤11% was considered acceptable. Hence 

the hypotheses of interest were H0: r≥36% against HA: r≤11%,  

where r is the proportion of patients with grade 2 skin toxicity. 

(2) The type I error rate (a, probability of accepting an overly toxic 

treatment, a false positive outcome) was set to 5%.  

(3) The type II error rate (b, probability of rejecting an acceptably 

toxic treatment, a false negative outcome) was set to 10%, i.e., 

the power is equal to 90%. 

Under these assumptions, using a one-sided Fisher exact test, 

the design consists of treating 27 evaluable patients, and 

(1) if at most five patients have grade 2 skin toxicity, the treatment 

was considered acceptable (5/27=19%), 

(2) if at least six patients have grade 2 skin toxicity, the treatment 

was considered too toxic (6/27=22%). 

Results 

1. Patient characteristics 
Between July 2016 to June 2017, 27 patients were treated. Mean 

age of the patients was 42 years (range, 36 to 67 years). Left and 

right breast cancer was seen in 17 (63%) and 10 (37%) patients, re-

spectively. Most patients were premenopausal 22 (81%) and had T2 

tumors 16 (59%). Nodes were positive in 18 (67%) patients (Table 1). 

Axillary clearance was till level III in 25 (92.5%) patients and medi-

an number of dissected nodes were 19. More than 50% of the pa-

tients had grade 3 disease and lymphovascular invasion. None of 

the patients had oncoplastic reduction. Supraclavicular fossa (SCF) 

was treated in 20 (74%) patients. Internal mammary nodes were 

treated in one patient. Chemotherapy was given as neoadjuvant 

and adjuvant to 4 (14.8%) and 22 (81%) patients, respectively. 

Hormonal therapy was received by 18 (67%) patients. Trastuzumab 

was received by 1 (4%) patient only. 

2. Dosimetry 
Mean PTV and boost volume were 1,099.58 ±  396.81 mL and 76.0 

±  41.89 mL, respectively. The mean conformity index (CI) for the 

PTV breast was 0.74 ±  12. The mean CI and homogeneity index (HI) 

for the PTV boost was 0.64 ±  0.15 and 0.09 ±  0.04, respectively. 

Dmax to PTV boost was 43.2 ±  1.5 Gy. PTV breast and PTV boost 

V107% and V105% were 4.2 ±  4.6 mL and 11.8 ±  4.3 mL and 2.97 ±  

8.81 mL and 8.22 ±  0.74 mL, respectively. 

Ipsilateral MLD was 9.86 Gy (range, 7.12 to 13.72 Gy). Ipsilateral 

lung mean V16 and V10 was 16.01% (2.12%–27.42%) and 39.60% 

(13.6%–79.8%), respectively. Contralateral lung mean V5 and V2 

was 3.74% (0.77%–11.33%) and 52.62% (12.31%–97.90%), re-

spectively. MLD with and without SCF radiotherapy was 10.08 Gy 

(range, 7.13 to 13.72 Gy) (n =  20) and 9.22 Gy (range, 7.12 to 

Table 1. Patient characteristics

Characteristic n (%)
Comorbidities
 Yes 9 (33)
 No 18 (67)
Menopausal status
 Premenopausal 22 (81)
 Postmenopausal 5 (19)
Clinical tumor stage
 T1 9 (33)
 T2 16 (59)
 T3 2 (4)
pTumor stage
 T1 10 (37)
 T2 16 (59)
 T3 1 (4)
pNodal stage
 N0 9 (33)
 N1 11 (41)
 N2 6 (22)
 N3 1 (4)
Grade
 1 & 2 13 (48)
 3 14 (52)
Lymphovascular invasion
 Yes 15 (56)
 No 12 (44)
DCIS
 Present 8 (30)
 Absent 19 (70)
Estrogen receptor
 Positive 15 (56)
 Negative 12 (44)
Progesterone receptor
 Positive 13 (48)
 Negative 14 (52)
Her-2/neu
 Positive 8 (30)
 Negative 19 (70)
Ki67
 ≤14 5 (19)
 >14 22 (81)
Chemotherapy
 Yes 26 (96)
 No 1 (4)
Hormones
 Yes 18 (67)
 No 9 (33)
Trastuzumab
 Yes 1 (4)
 No 7 (26)

DCIS, ductal carcinoma in-situ.
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11.50 Gy) (n =  7), respectively. MHD was 7.25 Gy (range, 4.31 to 

10.85 Gy) from the left breast and 4.37 Gy (range, 2.32 to 7.13 Gy) 

from the right breast. In patients with left breast cancer (n =  17), 

MHD with and without SCF treatment was 7.25 Gy (n =  12) and 

6.6 Gy (n =  5), respectively. Mean V18 and V15 of the heart from the 

left and right breast was 2.88% (0.05%–8.98%) and 0.30% (0%–

1.69%); and 6.20% (0.22%–18.26%) and 1.1% (0%–3.69%), re-

spectively. Dmax to LAD from left breast was 14.24 Gy (8.9–27.86 

Gy). Mean LAD dose from the left and right breast was 7.74 Gy 

(4.42–21.26 Gy) and 3.32 Gy (1.41–6.72 Gy), respectively. Mean 

dose to the contralateral breast was 2.64 Gy (1.53–4.16 Gy). Thy-

roid V30 and V25 mean were 11.83% (0%–36.90%) and 19.69% 

(0%–52.97%), respectively (Table 2). Dmax and Dmean to the oesopha-

gus was 15.65 Gy (4.48–32.8 Gy) and 3.69 Gy (1.55–9.02 Gy), re-

spectively. Dmax and Dmean to spinal cord and was 10.43 Gy (2.32–

28.40 Gy) and 3.15 Gy (0.84–18.65 Gy), respectively. Dmax to brachi-

Table 2. Volumes, doses to the organs-at-risk and constraints achieved

Dose constraint n Mean ±  SD Constraint achieved, n (%)
Volumes PTV breast (cm3) 1,099.58 ±  396.81

 Conformity index 0.74 ±  0.12
 107% 4.20 ±  10.35
 105% 11.80 ±  19.14
PTV boost (cm3) 76.00 ±  41.89
 Conformity index 0.64 ±  0.15
 Homogeneity index 0.09 ±  0.04
 107% 2.97 ±  5.43
 105% 8.22 ±  16.65

Organ at risk Mean lung dose ≤9 Gy 27 9.86 ±  2.03 16 (59.25)
Ipsilateral lung
 V20Gy ≤10% 27 8.88 ±  4.20 21 (77.78)
 V16Gy <20% 27 16.01 ±  5.60 22 (81.48)
 V10Gy - 27 39.60 ±  15.93 -
Contralateral lung
 V5Gy <5% 27 3.74 ±  3.30 22 (81.48)
 V2Gy - 27 52.62 ±  22.63 -
Heart Dmean 

 Left breast ≤7 Gy 17 7.25 ±  2.25 10 (58.82)
 Right breast <3 Gy 10 4.20 ±  2.32 5 (50.00)
Heart V18Gy

 Left breast <5% 17 2.88 ±  2.36 15 (88.24)
 Right breast <1% 10 0.33 ±  0.52 9 (90.00)
Heart V15Gy

 Left breast <10% 6.20 ±  4.67 15 (88.24)
 Right breast 2% 1.10 ±  3.73 7 (70.00)
LAD Dmax

 Left breast <15 Gy 17 14.24 ±  9.78 14 (82.35)
LAD Dmean

 Left breast <8 Gy 17 7.74 ±  3.86 15 (88.24)
 Right breast <3 Gy 10 3.32 ±  2.84 8 (80.00)
Contralateral breast Dmean <3 Gy 27 2.64 ±  0.63 21 (77.78)
Thyroid
 V30 <25% 27 11.82 ±  14.57 19 (70.37)
 V25 <50% 27 19.69 ±  21.23 24 (88.89)
Esophagus
 Dmax <20 Gy 27 15.65 ±  9.47 19 (70.37)
 Dmean <5 Gy 27 3.68 ±  1.58 23 (85.19)
Spinal cord Dmax <30 Gy 27 28.40 Gy 27 (100)
Brachial plexus Dmax <40 Gy 27 38.42 Gy 27 (100)

SD, standard deviation; PTV, planning target volume; LAD, left anterior descending artery.
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al plexus was 26.95 Gy (6.72–38.42 Gy). 

Dose constraints for MLD ≤9 Gy, ipsilateral lung V16 <20% and 

contralateral lung V5 <5% were achieved in 59.25%, 81.48% and 

81.48% of patients, respectively (Table 2). MHD from left breast 

cancer ≤7 Gy was achieved in 58.82% patients. Heart V18 <5% for 

left side and <1% for the right side were achieved in 88.24% and 

90% of patients, respectively. Heart V15 <10% for left side and 

<2% for the right side were achieved in 88.24% and 70% of pa-

tients, respectively. LAD Dmax (<15 Gy) for left breast was achieved 

in 82.35% patients. LAD Dmean <8 Gy from left breast and <3 Gy 

from right breast were achieved in 88.24% and 80% of patients, 

respectively. Contralateral breast Dmean <3 Gy was achieved in 

77.78% of patients. Thyroid V30 and V25, <25% and <50%, were 

achieved in 70.27% and 88.89% of patients, respectively. Oesopha-

gus Dmax (<20 Gy) and Dmean (<5 Gy) were achieved and 85.19% 

and 70.03% of patients, respectively. Average of Dmax was higher in 

patients who received SCF radiation (18.66 Gy) as compared to 

those who did not (7.0 Gy). Spinal cord Dmean (<5 Gy) and Dmax (<30 

Gy) were achieved in 88.89% and 100% patients, respectively.  

There was significant dose reduction to the thyroid with head 

position and whether SCF was treated or not (Table 3). Mean thy-

roid dose in patients with and without head rotation was 11.00 Gy 

(95% confidence interval [CI], 6.67–15.32) and 22.68 Gy (95% CI, 

20.00–25.36), respectively (p <  0.0001). Similarly, mean thyroid 

dose with and without SCF treatment was 16.95Gy (95% CI, 

13.08–20.82) and 0.67Gy (95% CI, 0.34–0.99), respectively (p <  

0.0001). 

3. Acute toxicity 
Grade 1 and 2 acute skin toxicity was observed in 9 (33%) and 5 

(18.5%) patients, respectively (Fig. 1). Acute grade 2 skin toxicity in 

patients with and without nodal radiotherapy was 4 (20%) and 1 

(14.2%), respectively. These were dry desquamations either in axil-

lary fold or in inframammary fold. There was no grade 3 acute skin 

toxicity. This rate of grade 2 acute skin toxicity met the predefined 

criteria of ≤5/27 for acceptable toxicity. None of the parameters 

such as treatment of SCF nodes, V107%, V105%, breast size and boost 

volume were related with acute toxicity (Table 4). 

All the secondary toxicities at 1 month also met the predefined 

Table 3. Thyroid dose with head position and SCF treatment

n Dose 95% CI p-value
Head rotation
 Yes 23 11.00 ±  10.01 6.67–15.32 <0.0001
 No 4 22.68 ±  1.68 20.00–25.36
SCF treatment
 Yes 20 16.95 ±  0.35 13.08–20.82 <0.0001
 No 7 0.67 ±  8.25 0.34–0.99

Values are presented as mean ± standard deviation.
SCF, supraclavicular fossa; CI, confidence interval.

Fig. 1. Acute toxicity: patient and physician reported (rates along the X-axis).
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criteria for acceptable toxicity. Grade 2 hyperpigmentation, edema, 

and induration were observed in 1 (3.7%), 2 (7%), and 4 (14.8%) 

patients, respectively. At 1 month, patient reported acute toxicities 

were mild breast swelling, heaviness, and pain in 1 (3.7%), 4 

(14.8%), and 8 (29%) patients, respectively. Mild difficulty in swal-

lowing was reported by 1 (3.7%) patient in whom internal mam-

mary nodes were also treated. None of the patients developed 

acute radiation pneumonitis. Dmax to the oesophagus in this patient 

was 32.8 Gy. All acute toxicities subsided by 3 months except for 

the induration (Fig. 1). 

4. Late toxicity 
Late toxicities were either grade 1 or 2 (Fig. 2). In comparison to 

the baseline, toxicities increased till 6 months then decreased after 

that. Late grade 1 and grade 2 breast induration at 4 years was ob-

served in 4 (14.8%) and 1 (3.7%) patient, respectively. These were 

present at baseline also. Breast edema was seen in 2 (7.4%) pa-

tients at baseline, which reduced at 4 years to 1 (3.7%) only. Grade 

1 breast fibrosis was observed in 1 (3.7%) patient at 4 years. Grade 

1 arm edema was seen in 2 (7.4%) patients at baseline, which per-

sisted in 1 (3.7%) patient till 4th year. 

Patient reported outcomes were mild to moderate only. At base-

line mild to moderate breast pain was reported by 2 (7.4%) pa-

tients, which became mild at 4 years. Breast heaviness was report-

ed by 2 (7.4%) patients at baseline, which persisted till 4th year. 

Mild breast shrinkage was reported by 1 (3.7%) and 2 (7.4%) pa-

tients at baseline and 4 years, respectively. Mild arm/shoulder dis-

comfort was reported by 1 (3.7%) patient only. Arm swelling at 4 

years was reported by only 1 (3.7%) patient. There were no grade 3 

late toxicities. There was no brachial plexopathy or rib fracture 

with this schedule. We did not observe any late cardiac or pulmo-

nary toxicity. 

5. Cosmesis 
Physician/patient observed cosmesis was excellent and good in 

21 (78%)/19 (70%) and 6 (22%)/8(30%) patients, respectively 

(Figs. 3, 4). None of the patients had adverse cosmesis. None of the 

parameters such as V107%, V105%, breast size and boost volume were 

related with late effects or cosmesis.  

6. Outcomes  
At a median follow-up of 51 months (range, 12 to 61 months), lo-

cal recurrence occurred in 1 (3.7%) patient. Distant metastases 

were seen in 2 (7.4%) patients. Both patients with distant metas-

tases had triple negative disease. DFS and OS at 4 years was 88% 

(95% CI, 77%–100%) and 92% (95% CI, 82%–100%), respectively. 

Discussion and Conclusion 

In this study we reported the doses to the target organ, the OARs, 

acute and late toxicities and the cosmesis in breast cancer patients 

post-BCS who were treated with accelerated hypofractionated lo-

coregional RT schedule of 34 Gy/10#/2 week (3.4 Gy/fraction) to 

the whole breast and 40 Gy (4 Gy/fraction) to the tumor area with 

SIB with VMAT technique in 12 days. Dose constraints were 

achieved in most patients with low rates of acute and late toxici-

ties. There was no adverse cosmesis. Local control and survival were 

good with this schedule. Since grade 2 skin toxicity occurred in 5 

(18.5%) patients, this treatment seems to be acceptable according 

to the assumption in null hypothesis for this study. 

WBI dose fractionation has changed over the years. Use of SIB 

with hypofractionation is investigational. In the present study we 

integrated boost with accelerated hypofractionation and complet-

ed treatment in 2 weeks only. With changes in hypofractionation 

schedules in breast cancer we have to look for OARs constraints, 

which can be achieved with a particular dose fractionation sched-

Table 4. Variables for acute toxicity

Variable Acute toxicity n Mean ±  SD p-value (t-test)
Breast volume Grade 0/1 22 1,257.3 ±  471.8 0.50

Grade 2 5 1,106.4 ±  309.7
PTV volume Grade 0/1 22 1,126.3 ±  412.6 0.47

Grade 1 5 982.2 ±  329.4
Boost volume Grade 0/1 22 81.8 ±  39.6 0.14

Grade 2 5 51.2 ±  47.2
V107% Grade 0/1 22 12.4 ±  38.0 0.76

Grade 2 5 7.1 ±  12.0
V105% Grade 0/1 22 29.4 ±  75.8 0.75

Grade 2 5 17.9 ±  29.2

SD, standard deviation; PTV, planning target volume.
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Fig. 2. Late toxicity. (A) patient reported (rates along the X-axis). (B) Physician observed (rates along the X-axis).
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ule. We modified dosimetric constraints for the lung to V16 and 

heart to V18, which would be biologically equivalent to V20 and V25 

that of the conventional schedule, respectively. We achieved dose 

constraints to the OARs such as lungs, heart (high dose volume), 

contralateral breast and oesophagus in >80% of patients (Table 2). 

MLD was slightly higher with SCF treatment (10.08 Gy vs. 9.22 Gy). 

There was no impact of SCF treatment on the MHD. One of the ob-

servations of our study was that dose to the thyroid could be re-

duced significantly with head rotation (Table 3). 

Our results are quite consistent with the studies published in the 

literature (Table 5) in terms of acute toxicity, cosmetic outcomes, 

local control, DFS and OS. Acute grade 2 toxicity in the reported 

studies ranged from 4%–43%, and upper limit of 95% CI of our 

study 35%, lie well within this range. De Rose et al. [7] reported a 

phase II trial of hypofractionated RT with VMAT in 787 patients 

with early breast cancer with a dose of 40.5 Gy to whole breast 

and 48 Gy to the tumor bed in 15 fractions over 3 weeks with 

VMAT. Grade 1 and 2 acute toxicity was observed in only 51% and 

9.7% patients, respectively. At a median follow-up of 45 months, 

grade 1 toxicity was 13.5% and 4 patients had distant relapse. 

Cosmetic outcomes were excellent/good in 100% patients. In our 

study, grade 1 acute toxicity was less than those reported by De 

Rose et al. [7], perhaps because of the lower total dose delivered in 

our study. 

We did not observe any late grade 3 toxicities. In the study by 

Freedman et al. [8], higher grade 2 toxicity could be because of de-

livery of higher total dose (56 Gy). However, local control was com-

parable to our study. Bantema-Joppe et al. [19,20] reported cos-

metic outcomes with 8.5% grade 2 fibrosis in the boost area, chest 

wall pain in 6.7% patients, and telangiectasia grade ≥2 in 3.7% 

patients at a median follow-up of 30 months. All-grade fibrosis 

outside the tumor bed was observed in 50% of patients. Higher fi-

brosis, chest wall pain and telangiectasia rate could be because of 

a high total dose delivered (64.4–67.2 Gy) in their study. We did 

not observe any telangiectasia or chest wall pain in our study. So, 

the present schedule may be better in terms of toxicities and cos-

Fig. 3. Excellent cosmesis at baseline (A) and at 4 years (B).

Fig. 4. Good cosmesis at baseline (A) and at 4 years (B).
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metic outcomes with comparable local control, DFS and OS. 

MHD dose in the current study was 7.25 Gy, which was because 

of the partial arcs used for radiation planning. This MHD may not 

be acceptable currently because of the risk of late-term cardiac 

complications. In a study by Darby et al. [21], they reported that 

the rate of major coronary events increased by 7.4% for each 1 Gy 

increase in MHD. They also demonstrated a threshold MHD of 3 Gy, 

implying an attributable absolute increased cardiac mortality of 

0.5%–0.7% for women <50 years depending on number of cardiac 

risk factors. As per their observations MHD was a better predictor 

of coronary events than the mean LAD dose and these events start-

ed within 5-years of treatment. However, their study was from 2D 

era based on average anatomy and lacked individual dosimetric in-

formation hence its ramifications remain unresolved. So far, we 

have not observed any coronary event in our patients. Recently, we 

published our results at 5-year with this schedule with 2D tech-

nique. We did not encounter excess late arm/shoulder and cardiac 

toxicity, although 5-year may not be adequate to report cardiac 

toxicities [22]. MHD of 7.25 Gy in the current study was higher so 

the risk of coronary events in future cannot be ruled out. Earlier 

studies have also reported that VMAT increases MLD, MHD and 

dose to the opposite breast [23]. Considering this risk with partial 

arc VMAT, 3D-CRT with deep inspiration breath hold, inverse 

planned fixed field IMRT, treatment in prone position, hybrid tech-

niques of combining tangential IMRT with VMAT and proton thera-

py may be more appropriate in achieving lower MHD and doses to 

other OARs [24-26]. IMRT has been shown to improve target cov-

erage and reduce dose to the OARs [24]. Taylor et al. [27] in anoth-

er population-based study calculated the absolute risk of mortality 

from lung cancer at 5 Gy MLD and ischemic heart disease at 4 Gy 

MHD after breast RT for smokers and non-smokers to be 4.4% and 

0.3%, and 1.2% and 0.3%, respectively. However, all these doses 

were estimated retrospectively. In a recent study Merzenich et al. 

[28] reported that average MHD of 4.6 Gy for left-sided breast RT 

and only pre-exiting cardiac disease was associated with risk of 

cardiac death. While another study reported V25 and V30 to be det-

rimental to the heart [29]. So, it is not only the RT dose but 

co-morbidities and lifestyle also play a significant role in late ef-

fects on the heart in patients with breast cancer. 

In our previous study with 3D-CRT in patients with left-sided 

breast cancer postmastectomy; MHD, LAD, proximal LAD, and distal 

LAD doses were 3.36 Gy, 16.06 Gy, 2.7 Gy, and 27.5 Gy, respectively. 

Left MLD, V10, and V20 were 5.96 Gy, 14%, and 12.4%, respectively. 

Mean dose to the right lung and the opposite breast was 0.29 Gy 

and 0.54 Gy, respectively. V25 for heart was 4.25% [30]. In another 

study with 3D-CRT in left-sided patients with BCS, MHD in the su-

pine and prone positions was 4.55 Gy and 2.06 Gy (p =  0.02), re-

spectively. MLD in the supine and prone positions was 6.58 Gy and 

0.85 Gy (p =  0.001), respectively [31]. All these doses are quite low 

as compared to the current study. Deep inspiration breath-hold 

(DIBH) reduces heart volume in the RT field, hence it lead to reduc-

tion in all dose parameters (mean, maximum and volume based) of 

the heart [32,33]. It has been shown to reduce cardiac mortality by 

4.7% compared to free breathing, with normal tissue complication 

probability of 0.1% in patients with left-sided breast cancer [34]. 

Because of changes in dose fractionation (from conventional to 

hypofractionation) and techniques of RT for breast cancer (from 2D 

to 3D-CRT/FIF IMRT); dose constraints to be placed for the heart, 

LAD and lungs and its impact on the cardiac related morbidity and 

mortality still remains unclear. Although MHD has been the gold 

standard for prediction of late cardiac effects in the past but recent 

studies have suggested that reporting doses to the heart substruc-

tures such as apical part of left ventricle and LAD may be more rel-

evant [35,36]. Hypofractionation have been reported to result in 

Table 5. Studies with hypofractionated SIB in breast cancer

Study n
Dose fractionation (Gy/fx) Acute skin toxicity, 

Grade 2 (%)
Cosmesis, 

excellent/good (%) Local control (%)
Whole breast SIB

Franco et al. [6] 82 45/20 50/20 6 91 97
De Rose et al. [7] 787 40.5/15 48/15 9.7 100 99
Freedman et al. [8] 74 45/20 56/20 23 77 97
Chadha et al. [10] 74 40/15 45/15 4 NR 99
Formenti et al. [11] 91 40.5/15 48/15 8.1 96 98
Bantema-Joppe et al. [19,20] 940 50.4/28 64.4–67.2/28 NR 91.5 98.9
Krug et al. [49] 149 40/15 48/15 14.7 91 NR
Cante et al. [50,51] 465 45/20 50/20 NR 95.7 100
McDonald et al. [52] 354 45/25 59.92/28 43 96.5 97
Present study 27 34/10 40/10 18.5 100 96.5

SIB, simultaneous integrated boost; NR, not reported.
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lower EQD2 to the heart as compared to conventional fractionation 

and comparable late effects [37,38]. However, till data comes clear 

on these aspects, patients with left-sided breast cancer should be 

offered techniques, which reduce dose to the heart and lungs. 

Second cancers after breast radiation are also a possibility with 

VMAT because of low dose to larger volume of OARs. In the present 

study 50% volume of the contralateral lung received 2 Gy, so it 

may put this OAR for second cancer. Hall and Wuu [39] in their 

study estimated 1% to 1.75% increase in the incidence of second 

cancers after 3D-CRT and IMRT at 10 years. VMAT technique was 

also reported to increase this risk in one study [24], where as it was 

comparable in another study for the contralateral breast and lung, 

but less risk for the ipsilateral lung because of reduced MLD with 

VMAT [40]. In a recent review, it was observed that VMAT increases 

contralateral lung V5 by 25% as compared to other techniques [41]. 

In our study contralateral lung V5 was lower as compared to other 

studies. This reduction in V5 is associated with reduction in second-

ary cancer [40,41]. Since, ipsilateral MLD, contralateral lung V5 and 

breast mean doses in our study are comparable to those observed 

by Zhang et al. [42], we may expect similar risk of second cancers 

in our patients. However, this risk may vary with distance of the or-

gan from the sternum, patient anatomy, dose optimization, set up 

errors, organ motion [42] and smoking [27]. In our past series we 

have reported second cancers in the contralateral breast, oesopha-

gus and lung cancers in 3.3%, 0.22% and 0.05% patients, respec-

tively [30].  

Many dosimetric studies have explored the potential benefits of 

integrating boost with WBI, but the majority of them are with con-

ventional fractionation [43-47]. A multicentric study of 151 pa-

tients by Dellas et al. [48] from Germany with RT dose of 40 Gy in 

16 fractions for WBI and a SIB with 0.5 Gy/fraction to the primary 

area, reported that SIB was feasible with hypofractionation. A few 

studies have integrated boost with moderate hypofractionation 

and treatment completed in 3–4 weeks [6-11,49-51] and 5–6 

weeks in others [19,52]. Ours is the first study to report feasibility 

of accelerated hypofractionation with SIB in 12 days.  

There are a few limitations of our study. The number of patients 

enrolled was less, because of the study design. Median follow-up 

of 51 months is modest; therefore, late toxicities and long-term 

clinical outcomes need to be further assessed as accelerated hy-

pofractionation regimen with a dose of 3.4 Gy/fraction to the 

breast and 4 Gy/fraction to the tumor bed may lead to late radiobi-

ological consequences, although the likely risk is less because the 

total dose delivered was 40 Gy with one of the optimal techniques 

of RT. Low doses to lungs and contralateral breast may also not fa-

vor VMAT technique but these can be further reduced by using 

tangential VMAT or hybrid VMAT. Lastly, it is an expensive tech-

nique and one of ASTRO Choosing Wisely Campaign initiatives is 

“Don’t routinely use IMRT to deliver whole breast radiotherapy as 

part of breast conservation therapy” [53]. 

With high dose per fraction, we could reduce overall treatment 

time to 12 days only. It increased treatment compliance because of 

less acute toxicities. It reduced treatment cost to the patient with 

increased convenience by reducing the number of hospital visits. It 

also has potential to reduce risk of local recurrence with acceptable 

toxicities in the breast because of its low α/β ratio. Therefore, the 

implication of this study is, reduction of total treatment time from 

4 weeks to 2 weeks and reduction in the waiting time for the other 

patients. 

To conclude, this study demonstrated that accelerated hypofrac-

tionated RT with SIB boost is feasible and safe in terms of acute 

and late breast and arm toxicities. Radiation induced heart disease 

and stochastic effects might be a concern with higher MHD and 

low dose bath with this technique. VMAT plans may be used when 

conformal techniques are not able to achieve the desired dosimet-

ric constraints. A phase III randomized controlled trial with same 

fractionation schedule with 2D/3D-CRT and DIBH techniques 

(HRBC; NCT04075058) is ongoing and has completed patient ac-

crual. 
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Introduction 

Breast cancer is the most common cancer among women world-

wide. The number of new cases in 2020 was approximately 2.3 mil-

lion, with 684,996 deaths [1]. In Thailand, the mean annual age 

standardized incidence rate per 100,000 women diagnosed with 

breast cancer was 31.36 [2]. For early-stage breast cancer, 

breast-conserving surgery (BCS) followed by postoperative radio-

therapy is one of the standard treatments and has oncologic out-

Purpose: For patients with early breast cancer who undergo breast-conserving surgery, adjuvant 
whole breast irradiation (WBI) with simultaneous integrated boost (SIB) results in lower radiotherapy 
fractions. Published studies have shown that both conventional fraction with SIB (C-SIB) and hypof-
ractionation with SIB (H-SIB) seem to be safe and feasible. In this study, we sought to compare the 
oncologic outcomes between C-SIB and H-SIB in early-stage breast cancer. 
Materials and Methods: Stage I–II breast cancer patients who received adjuvant WBI with SIB be-
tween January 2008 and December 2017 were retrospectively reviewed. The radiation dose in the 
C-SIB group was 50 Gy and 65 Gy in 25 daily fractions, while in the H-SIB group, it was 43.2 Gy and 
52.8 Gy in 16 daily fractions to the whole breast and tumor bed, respectively. 
Results: A total of 188 patients, 103 in the C-SIB group and 85 in the H-SIB group, were included. 
With a median follow-up time of 87 months, 7-year locoregional control of C-SIB was comparable to 
H-SIB (95.8% vs. 97.4%, p = 0.964). The 7-year distant metastasis-free survival rates of C-SIB and 
H-SIB were 89.9% and 95.9% (p = 0.111), while the 7-year disease-free survival rates were 84.2% 
and 95.4%, respectively (p = 0.176). In multivariate analysis, there was no significant prognostic fac-
tor associated with better overall survival. 
Conclusion: H-SIB provided comparable locoregional control to C-SIB. With the advantage of a 
shorter radiotherapy course, H-SIB could be a favorable option for WBI in early-stage breast cancer. 

Keywords: Breast neoplasms, Radiation dose hypofractionation, Radiotherapy, Radiation oncology, 
Survival analysis

Long-term oncological outcomes of hypofractionated versus 
conventional fractionated whole breast irradiation with 
simultaneous integrated boost in early-stage breast cancer
Chawalit Lertbutsayanukul1,2, Manida Pitak1,2, Chonnipa Nantavithya1,2

1Division of Radiation Oncology, Department of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
2Division of Radiation Oncology, Department of Radiology, King Chulalongkorn Memorial Hospital, Thai Red Cross Society, Bangkok, Thailand

Original Article
pISSN 2234-1900 · eISSN 2234-3156

Radiat Oncol J 2022;40(2):141-150
https://doi.org/10.3857/roj.2021.00927

Received: October 9, 2021
Revised: March 10, 2022
Accepted: March 25, 2022

Correspondence:
Chonnipa Nantavithya 
Division of Radiation Oncology, 
Department of Radiology, King 
Chulalongkorn Memorial Hospital, 
Thai Red Cross Society, 1873, Rama 4 
Rd., Bangkok 10330, Thailand.
Tel: +66-2564334 
E-mail: chonnipa.n@chula.ac.th
ORCID:
https://orcid.org/0000-0002-3744-0830

comes comparable to those of mastectomy [3-5]. Generally, postop-

erative radiotherapy after BCS consists of whole breast irradiation 

(WBI) with or without a tumor bed boost [6]. The recommended 

conventional radiation dose of WBI is 45–50 Gy in 25 daily fractions 

followed by a sequential tumor bed boost of 10–16 Gy in 5–8 daily 

fractions, resulting in a radiotherapy treatment course of up to 7 

weeks [7].  

To decrease the treatment course, hypofractionated WBI has 

been accepted as a standard treatment in early breast cancer with 
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oncologic and cosmetic outcomes comparable to those of conven-

tional fractionation [8-10]. The dose of moderate hypofractionated 

WBI varied from 40–42.5 Gy in 13–16 daily fractions, which could 

shorten the treatment course from approximately 5 to 3 weeks. 

However, sequential tumor bed boost was still administered in a 

number of centers, which eventually prolonged the overall treat-

ment course. 

In recent decades, there has been growing interest in the deliv-

ery of a simultaneous integrated boost (SIB) to the tumor bed 

during WBI. This technique resulted in less radiotherapy fractions. 

Typically, SIB can be performed with conventional fractionation as 

well as hypofractionation. Thus, the total dose per fraction of SIB 

to the tumor bed could be approximately 2.4–2.6 Gy for conven-

tional fractionation and 3.0–3.2 Gy for hypofractionation [11]. 

Many studies have revealed that both conventional fractionation 

and hypofractionation with SIB seem to be safe and feasible [12-

25]. The toxicities and cosmetic outcomes of hypofractionation 

with SIB (H-SIB) were evaluated and were comparable to those of 

conventional fractionation with SIB (C-SIB) [26,27]. Recently, we 

reported the results of acute and late toxicities and cosmetic out-

comes between the C-SIB and H-SIB groups in early-stage breast 

cancer patients at our institution. H-SIB provided better cosmetic 

outcomes than C-SIB [28]. 

Despite favorable toxicities and cosmetic results, the long-term 

oncologic outcomes of H-SIB are essential and still lacking. There-

fore, we further analyzed and compared the oncologic outcomes 

between C-SIB and H-SIB in early-stage breast cancer patients 

who received BCS at our institution. The primary objective was to 

evaluate and compare local control (LC) between both groups. The 

secondary outcomes were locoregional control (LRC), distant me-

tastasis-free survival (DMFS), disease-free survival (DFS), and over-

all survival (OS). 

Materials and Methods 

We retrospectively collected data from early breast cancer patients 

who received adjuvant WBI with the SIB technique at King Chu-

lalongkorn Memorial Hospital, from January 2008 to December 

2017. The inclusion criteria were women ≥18 years old with histo-

pathologically confirmed stage I–II (AJCC 7th edition) breast cancer 

who underwent adjuvant WBI with SIB after BCS. Exclusion criteria 

included evidence of skin invasion by the tumor, bilateral breast 

cancer, history of connective tissue disease, previous treatment 

with radiation therapy, postmastectomy, concomitant chemoradia-

tion, history of other cancers, or loss to follow-up after completion 

of the radiotherapy session. 

Radiotherapy was delivered with either C-SIB or H-SIB. Patients 

in the C-SIB group received WBI of 50 Gy in 25 daily fractions with 

an SIB of 0.6 Gy per fraction to the tumor bed, for a total dose of 

65 Gy in 25 fractions. The corresponding dose in the H-SIB group 

was 43.2 Gy in 16 daily fractions with the same dose of SIB, result-

ing in a total dose of 52.8 Gy in 16 fractions. 

All patients were treated with opposing tangential fields to the 

affected breast in the supine position using a breastboard (MT350; 

CIVCO Medical Solutions, Coralville, IA, USA). Conventional two-di-

mensional (2D) planning was performed between 2008 and 2011. 

Afterward, three-dimensional (3D) planning was delivered. A com-

puted tomography (CT) simulation was performed, and data were 

transferred to Eclipse Planning System version 8.10 (Varian Medical 

system, Palo Alto, CA, USA). For WBI, photon 6 MV were used in all 

patients. Tumor bed boost volume was defined by surgical clips or 

postoperative seroma and correlated with preoperative imaging. A 

2-cm margin around the tumor bed volume was irradiated with an 

en-face electron beam of 6–12 MeV. Regional nodal irradiation 

(RNI) was given to patients with node positivity, patients who did 

not have surgical node staging, and some patients with other high-

risk features (e.g., clinical N0 but no surgical node staging or lym-

phovascular invasion). The anterior supraclavicular field typically 

covered supraclavicular, axillary node level II, III and some parts of 

axillary node level I. 

This study protocol was approved by the ethics committee of 

Faculty of Medicine, Chulalongkorn University (No. 172/62). 

1. Statistical analysis 
To compare LC, LRC, DMFS, DFS and survival outcomes between 

C-SIB and H-SIB, we used Kaplan-Meier and log-rank tests. The 

base of follow-up time was the first date that the patient received 

irradiation, LC was defined as the time to ipsilateral breast tumor 

recurrence. LRC was defined as the time to any local or regional re-

currence. DMFS was defined as time to distant failure. DFS was de-

fined as the time to any disease progression or death. OS was de-

fined as time to death from any cause. A p-value <0.05 was con-

sidered statistically significant. Descriptive analysis, the 

Mann-Whitney U test and Fisher exact test were used to report 

patient and tumor characteristics, adjuvant treatment and differ-

ences in these variables between the two groups. The prognostic 

impact for local recurrence and death of variables were assessed in 

univariate analysis and multivariate analysis by Cox proportional 

hazards modeling. Variables that tended to be significant in univar-

iate analysis (p <  0.10) were selected for multivariate analysis. The 

propensity scores matching using covariate adjustment method—

i.e., age, RNI, stage grouping, nodal (N) stage, chemotherapy status, 

and histologic grade—was used to reduce the effect of confounders 

on outcomes following H-SIB and C-SIB and used number of 
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neighbors to calculate the matched outcomes. Stata version 15.1 

(Stata Corp., College Station, Texas) and SPSS version 22 (IBM 

Corp., Armonk, NY, USA) were used for analysis. 

Results 

1. Patients, tumor characteristics and adjuvant treatment 
A total of 188 patients were included in this study: 103 patients 

were treated with C-SIB, while 85 patients received H-SIB. The me-

dian age of the entire cohort was 50. The majority of both groups 

were diagnosed with stage T1, and the most common histology 

subtype was invasive ductal carcinoma. There was a significantly 

higher proportion of patients who were ≥50 years old in the H-SIB 

group, while the C-SIB group had a significantly higher proportion 

of positive nodes, advanced stages and more high-grade tumors 

(Table 1). 

Table 1. Baseline patients and tumor characteristics

All patients (n =  188) C-SIB (n =  103) H-SIB (n =  85) p-value
Age (yr) 50 (42–57) 46 (39–51) 55 (49–62) <0.001
 <50 92 (48.94) 70 (67.96) 22 (25.88)
 ≥50 96 (51.06) 33 (32.04) 63 (74.12)
Laterality
 Left 104 (55.32) 55 (53.40) 49 (57.65) 0.659
 Right 84 (44.68) 48 (46.60) 36 (42.35)
T stage
 T1 115 (61.17) 59 (57.28) 56 (65.88) 0.083
 T2 73 (38.83) 44 (42.72) 29 (34.12)
N stage
 N0 168 (89.36) 85 (82.52) 83 (97.65) 0.001
 N1 20 (10.64) 18 (17.48) 2 (2.35)
Stage grouping (AJCC 7th 
edition)
 IA 109 (57.98) 54 (52.43) 55 (64.71) 0.012
 IB 1 (0.53) 1 (0.97) 0 (0)
 IIA 65 (34.57) 36 (34.95) 29 (34.12)
 IIB 13 (6.92) 12 (11.65) 1 (1.17)
Estrogen receptor
 Positive 137 (72.87) 74 (71.84) 63 (74.12) 0.745
 Negative 51 (27.13) 29 (28.16) 22 (25.88)
Progesterone receptor
 Positive 131 (69.68) 75 (72.82) 56 (65.88) 0.341
 Negative 57 (30.32) 28 (27.18) 29 (34.12)
HER2
 Overexpression 27 (14.36) 15 (14.56) 12 (14.12) 0.764
 Negative (0–1+) 122 (64.89) 69 (66.99) 53 (62.35)
 Equivocal (2+) 36 (19.15) 17 (16.51) 19 (22.35)
 Unknown 3 (1.60) 2 (1.94) 1 (1.18)
Histologic grade
 1 29 (15.43) 8 (7.77) 21 (24.71) 0.014
 2 97 (51.60) 58 (56.31) 39 (45.88)
 3 42 (22.34) 24 (23.30) 18 (21.18)
 Unknown 20 (10.63) 13 (12.62) 7 (8.23)
Surgical margin (mm)
 <1 18 (9.57) 13 (12.62) 5 (5.88) 0.139
 1–2 72 (38.30) 43 (41.75) 29 (34.12)
 >2 81 (43.09) 37 (35.92) 44 (51.76)
 Positive 10 (5.32) 7 (6.80) 3 (3.53)
 Unknown 7 (3.72) 3 (2.91) 4 (4.71)

Values are presented as median (range) or number (%).
C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; AJCC, American Joint Committee on Cancer.
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Negative surgical margins were achieved in approximately 91% 

of patients, and 6.8% and 3.5% of patients had positive surgical 

margins in the C-SIB and H-SIB groups, respectively. For information 

of surgical node staging, 78 and 102 patients had axillary node dis-

section and sentinel node biopsy, respectively. Other eight patients 

did not have surgical node staging or the type of axillary node sur-

gery was not specified. The majority of patients were estrogen re-

ceptor (ER) or progesterone receptor (PR) positive, and most of them 

received anti-hormonal treatment. Overall, HER2 overexpression 

was found in 14.4% of patients, and only 5.9% of patients received 

trastuzumab. Approximately one-fifth of patients had equivocal or 

unknown HER2 results with no further molecular test confirmation 

since trastuzumab could not be reimbursed at that period. The pro-

portion of patients who received chemotherapy in the C-SIB group 

was significantly higher than that in the H-SIB group, 71.8% and 

49.4%, respectively (Tables 1, 2). The most common chemotherapy 

regimen for both groups was anthracycline+cyclophosphamide. 

Other regimens included anthracycline+cyclophosphamide+taxol, 

taxol+cyclophosphamide, cyclophosphamide+methotrexate+fluoro-

uracil, fluorouracil+anthracycline+cyclophosphamide, fluoroura-

cil+epirubicin+cyclophosphamide, carboplatin+taxol, and taxol only.  

Almost 90% of patients received the 3D radiation technique. 

Only 15 and 6 patients were treated with conventional techniques 

in the C-SIB and H-SIB groups, respectively. Only one patient in the 

C-SIB group was treated with intensity-modulated radiotherapy 

(IMRT), while none in the H-SIB group received IMRT. Correspond-

ing with the proportion of node positivity, 21.4% of the C-SIB 

group received regional node irradiation, which was significantly 

higher than in the H-SIB group (only 3.5%) (Table 2). Treatment 

plan for patients who received regional node irradiation composed 

of two tangential fields and a supraclavicular field. 

2. Oncologic outcomes 
The median follow-up time was 87 months (range, 18 to 147 

months; interquartile range [IQR], 65 to 112 months) for the entire 

cohort, 83 months (range, 18 to 147 months; IQR, 62 to 116 

months) in the C-SIB group and 89 months (range, 36 to 132 

months; IQR, 67 to 107 months) in the H-SIB group. Local recur-

rence occurred in four patients (3.9%) in the C-SIB group and two 

patients (2.6%) in the H-SIB group, with 7-year LCs of 95.8% and 

98.6% in the C-SIB and H-SIB groups, respectively (p =  0.619) (Fig. 

1A). Regional recurrence occurred in four patients (3.9%) in the 

C-SIB group and three patients (3.5%) in the H-SIB group. The 

7-year LRC was 95.8% in the C-SIB group and 97.4% in the H-SIB 

group (p =  0.964) (Fig. 1B). Ten patients (9.7%) in the C-SIB group 

and three patients (3.5%) in the H-SIB group developed distant 

metastasis in which the common sites were the bone, lung and liv-

er. Seven-year DMFS was 89.9% and 95.9% (p =  0.111), and 

7-year DFS was 84.2% versus 95.4% (p =  0.176) in the C-SIB and 

H-SIB groups, respectively (Fig. 2A, 2B). Death from any cause oc-

curred in eight patients (7.8%) in the C-SIB group and one patient 

(1.9%) in the H-SIB group, with 7-year OS rates of 92.1 % and 

98.2% in the C-SIB and H-SIB groups, respectively (p =  0.040) (Fig. 

2C). 

For the association between variables and local recurrence or 

death, due to small sample size, some factors could not be evaluat-

ed. HER2 receptor overexpression status and invasive lobular carci-

noma showed a significant association with local recurrence, and 

the hazard ratios (HRs) were 15.4 and 14.2, respectively (p =  0.02 

and p =  0.02), while estrogen receptor positivity and hormonal 

therapy tended to be associated with less local recurrence in uni-

variate analysis. However, only invasive lobular carcinoma was 

found to be significantly associated with local recurrence in multi-

Table 2. Adjuvant treatment

All patients (n =  188) C-SIB (n =  103) H-SIB (n =  85) p-value
Chemotherapy 116 (61.70) 74 (71.84) 42 (49.41) 0.002
Hormone therapy 140 (74.47) 76 (73.79) 64 (75.29) 0.867
Targeted therapy 11 (5.85) 6 (5.83) 5 (5.88) 1.000
RNI 25 (13.30) 22 (21.36) 3 (3.53)
 SPC 24 (12.77) 21 (20.39) 3 (3.53) 0.001
 SPC + axilla 1 (0.53) 1 (0.97) 0 (0)
Radiation technique
 2D 21 (11.17) 15 (14.56) 6 (7.06) 0.133
 3D 166 (88.30) 87 (84.47) 79 (92.94)
 IMRT 1 (0.53) 1 (0.97) 0 (0)

Values are presented as number (%).
C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; RNI, regional 
lymph node irradiation; SPC, supraclavicular lymph node; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensi-
ty-modulated radiotherapy.
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variate analysis (HR =  16.01, p =  0.03) (Table 3). For death, uni-

variate analysis showed that H-SIB tended to be associated with 

better survival (HR =  0.15, p =  0.08). However, after adjusting for 

other factors, different SIB technique did not show a significant 

impact on survival (Table 4). 

To reduce the bias of imbalanced factors between both groups, 

82 out of 188 patients were included for propensity score match-

ing. There was no significant difference in baseline patients and 

tumor characteristics and adjuvant treatment between both groups 

(Supplementary Tables S1, S2). The 7-year OS in C-SIB and H-SIB 

groups were 84.4% and 96.9%, respectively. There was no statisti-

cal difference in OS between both groups (HR =  0.16, 95% confi-

dence interval 0.02–1.39, p =  0.097). Both 7-year LC and LRC in 

C-SIB and H-SIB groups were 94.9% and 100%, respectively. Due 

to no event of local recurrence in H-SIB group after performing 

propensity score matching, the difference of LC and LRC between 

both groups could not be analyzed (Supplementary Figs. S1, S2). 

3. Cosmetic outcomes 
As we reported in our previous publication, the cosmetic outcomes 

were satisfactory. Patient-rated cosmetic outcomes in both groups 

were mostly “excellent,” 40.3% and 45.6%, while “poor” outcomes 

were 5.3% and 1.8% in C-SIB and H-SIB group, respectively. In ad-

dition, more than half of corresponding satisfaction in both groups 

was “very satisfied” while “unsatisfied” was found only 0% and 

1.8% in C-SIB and H-SIB group, respectively [28].  

Discussion and Conclusion 

This retrospective cohort study was performed to compare long-

term oncologic outcomes between C-SIB and H-SIB in early-stage 

breast cancer. Various dose fractionations have been used in many 

published studies to evaluate the outcomes of H-SIB and C-SIB. 

The biological effective dose (BED) was calculated with alpha over 

beta: α/β =  4 Gy for tumor control [29,30] and α/β =  3 Gy for late 

normal tissue toxicity [31]. Our study applied equivalent doses in 2 

Fig. 1. Tumor control outcomes of patients who received either C-SIB (solid line) or H-SIB (dashed line). (A) Local control. (B) Locoregional con-
trol. C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost.

Fig. 2. Survival outcomes of patients who received either C-SIB (solid line) or H-SIB (dashed line). (A) Distant metastasis-free survival. (B) Dis-
ease-free survival. (C) Overall survival. C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with si-
multaneous integrated boost.
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Table 3. Risk factor associated with local recurrence

Univariate Multivariate
HR (95% CI) p-value aHR (95% CI) p-value

Radiotherapy fractionation
 C-SIB 1.00
 H-SIB 1.53 (0.28–8.39) 0.62
Age (yr)
 <50 1.00
 ≥50 1.02 (0.21–5.06) 0.98
Menopausal status
 Postmenopausal 1.00
 Premenopausal 1.38 (0.25–7.57) 0.71
Side
 Left 1.00
 Right 1.15 (0.23–5.72) 0.86
T stage
 T1 1.00
 T2 1.46 (0.30–7.26) 0.64
N stage
 N0 1.00
 N1 1.56 (0.18–13.37) 0.68
Stage
 I 1.00
 IIA 1.06 (0.18–6.34) 0.95
 IIB 2.72 (0.28–26.17) 0.39
Estrogen receptor status
 Negative 1.00 1.00
 Positive 0.2 (0.04–1.09) 0.06 0.71 (0.01–39.61) 0.87
Progesterone receptor status
 Negative 1.00 1.00
 Positive 0.24 (0.04–1.32) 0.10 N/A N/A
HER2 receptor status
 Negative (0-1+) 1.00 1.00
 Overexpression 15.4 (1.58–150) 0.02 9.07 (0.72–114.65) 0.09
 Equivocal (2+) 6.56 (0.59–72.37) 0.13 6.72 (0.56–80.13) 0.13
 Unknown N/A N/A N/A N/A
Histologic grade
 1 1.00 1.00
 2 14.2 (1.49–135.64) 0.02 16.01 (1.37–187.53) 0.03
 3 3.55 (0.40–31.82) 0.26 2.29 (0.19–26.94) 0.51
Surgical margin (mm)
 >2 1.00 0.83
 ≤2 1.86 (0.34–10.26) 0.47
 Positive margin N/A N/A
 Unknown N/A N/A
Chemotherapy status
 No 1.00
 Yes 0.57 (0.11–2.82) 0.49
Hormone therapy status
 No 1.00
 Yes 0.18 (0.03–1) 0.05
Radiation technique
 2D 1.00
 3D 1.32 (0.15–11.36) 0.80
 IMRT N/A N/A
Radiation field
 Breast only 1.00
 Breast with RNI 1.17 (0.14–10.06) 0.88

C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy; 
RNI, regional lymph node irradiation; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; N/A, not applicable.
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Table 4. Risk factors associated with death

Univariate Multivariate
HR (95% CI) p-value aHR (95% CI) p-value

Radiotherapy fractionation
 C-SIB 1.00 1.00
 H-SIB 0.15 (0.02–1.22) 0.08 0.16 (0.02-1.25) 0.08
Age (yr)
 <50 1.00
 ≥50 0.82 (0.22–3.04) 0.76
Menopausal status
 Postmenopausal 1.00
 Premenopausal 1.48 (0.37–5.90) 0.58
Side
 Left 1.00
 Right 0.53 (0.13–2.14) 0.38
T stage
 T1 1.00
 T2 1.18 (0.32–4.41) 0.81
Stage
 I 1.00
 IIA 1.25 (0.33–4.67) 0.74
 IIB N/A N/A
Estrogen receptor status
 Negative 1.00
 Positive 0.52 (0.14-1.95) 0.34
Progesterone receptor status
 Negative 1.00
 Positive 0.66 (0.18–2.46) 0.53
HER2 receptor status
 Negative (0–1+) 1.00
 Overexpression 2.26 (0.41–12.36) 0.35
 Equivocal (2+) 2.69 (0.60–12.06) 0.20
 Unknown N/A N/A
Histologic grade
 1 1.00
 2 N/A N/A
 3 1.80 (0.22–14.42) 0.58
Surgical margin (mm)
 <1 1.00
 1–2 0.78 (0.08–7.52) 0.83
 >2 1.33 (0.16–11.45) 0.79
 Positive margin N/A N/A
 Unknown N/A N/A
Chemotherapy status
 No 1.00
 Yes 1.19 (0.30–4.79) 0.80
Hormone therapy status
 No 1.00
 Yes 0.5 (0.13–1.86) 0.30
Radiation technique
 2D 1.00
 3D 1.75 (0.36–8.51) 0.49
 IMRT N/A N/A

C-SIB, conventional fractionation with simultaneous integrated boost; H-SIB, hypofractionation with simultaneous integrated boost; HER2, human 
epidermal growth factor receptor 2; 2D, two-dimensional radiotherapy; 3D, three-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy; 
HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; N/A, not applicable.
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Gy fractions (EQD2) of 64.24 Gy (α/β =  4 Gy) and 66.53 (α/β =  3 

Gy) in the H-SIB group and 71.5 Gy (α/β =  4Gy) and 72.8 Gy (α/β 

=  3Gy) in C-SIB group. Despite high EQD2 to the tumor bed in both 

groups, our previous publication rarely found unfavorable toxicities 

or cosmetic outcomes [28]. In addition, regardless of the lower BED 

of the H-SIB group, our findings show comparable LC, LRC, DMFS 

and DFS between the two groups. Although significantly better OS 

was found in the H-SIB group owing to better prognostic factors 

(Table 1), there was no statistical difference in OS after propensity 

score matching. A significantly higher proportion of poor prognos-

tic factors, i.e., younger age, greater node positivity, advanced 

group stage, and high-grade histology were found in the C-SIB 

group, which could directly affect OS. After adjusting for other 

prognostic factors, radiation therapy technique was not significant 

factor for OS. However, only invasive lobular carcinoma was signifi-

cantly associated with local recurrence in multivariate analysis. 

Nonetheless, our findings were in line with other studies that re-

ported excellent tumor control and survival outcomes in both 

H-SIB [14,19] and C-SIB [12] Moreover, our results are also similar 

to historical data of sequential tumor bed boost following both 

conventional and hypofractionated WBI [9,10]. 

Breast cancer is one of the most common diseases that require 

radiation. In particular, in patients who undergo BCS, WBI is given 

as an adjuvant treatment in most cases. Since conventional frac-

tionation requires more than a month of treatment, it is not only 

inconvenient for patients to go forth and back to receive treatment 

but also consumes radiotherapy medical resources, which are still 

scarce in some regions. According to the radiobiological parameter 

of breast cancer, its α/β is typically estimated to be approximately 

4, which is less than that of most other malignant tumors [29,30]. 

The relatively low α/β suggests that a short course of treatment 

with a high radiation dose per fraction may be beneficial. Several 

studies have supported this postulation and showed that hypofrac-

tionation is not inferior to the conventional fraction in both toxici-

ty and efficacy [8-10,30]. Thus, hypofractionated radiotherapy has 

become the well-accepted standard treatment in early-stage 

breast cancer. 

To enhance LC, tumor bed boosts were incorporated with WBI 

[6,32-34]. As a consequence, the treatment course has to be extend-

ed by approximately 1–2 weeks. According to the low α/β, SIB, with 

the advantages of both biological effects and shorter treatment 

courses, were introduced for tumor bed boost [12,17,20]. Later, H-SIB 

gained popularity. Since the dose per fraction at the tumor bed boost 

for H-SIB is quite high, toxicities and cosmetic outcomes are of con-

cern. However, previous H-SIB studies showed promising oncologic 

outcomes and acceptable toxicities [13,14,16,35]. Consistent with 

our institution’s findings, we confirmed excellent oncologic outcomes 

and favorable toxicities and cosmetic outcomes in the H-SIB group 

[28]. Therefore, H-SIB, which reduces the radiotherapy treatment 

course of both WBI and tumor bed boost, could be a good and ac-

ceptable option. Randomized controlled studies comparing H-SIB 

and C-SIB are ongoing. However, to our knowledge, the results have 

not yet been reported [35,36]. 

In addition to the moderate hypofractionated radiotherapy that 

we generally used, ultrahypofractionated WBI has also been stud-

ied. Results from the United Kingdom showed that the ultrahypof-

raction regimen, 26 Gy in 5 fractions over 1 week, was noninferior 

to moderate hypofractionation, 40 Gy in 15 fractions over 3 weeks, 

in terms of LC and toxicities [37]. However, the 5-year results 

might be too short to validate their findings. Therefore, ultrahypof-

ractionated WBI should be used with caution, and moderate hy-

pofractionation should remain the standard adjuvant WBI in most 

patients [38]. Moreover, the tumor bed boost in this study was ad-

ministered sequentially in 5–6 daily fractions, which doubled the 

length of the radiotherapy course in the ultrahypofractionation 

group. To date, no data on SIB in ultrahypofractionation have been 

reported.  

Although this study has provided insight into SIB in WBI, there 

were several limitations. First, the number of patients might be un-

derpowered to demonstrate the difference in oncologic outcomes 

and might be too small to report the association of some variables 

with local recurrence or death. Second, late relapse could possibly 

occur in early-stage breast cancer especially in hormone-positive 

breast cancer. Reports with longer follow-up times are needed. Third, 

since this was a retrospective study, the imbalance of patient char-

acteristics between the two groups, especially nodal stage, possibly 

affected the oncologic outcomes. However, in multivariate analysis, 

there was no significant predictor for OS, but invasive lobular carci-

noma was associated with local recurrence. Also, there was no sig-

nificant difference in OS between both groups after performing pro-

pensity score matching. Further prospective randomized studies are 

warranted to explore these limitations. The strength of this study in-

cluded it has a long median follow-up time and a use of homoge-

neous radiation technique in a tertiary care center. 

In conclusion, our results showed that H-SIB after BCS in ear-

ly-stage breast cancer provided comparable locoregional control to 

C-SIB. To shorten the overall radiotherapy course, H-SIB is a feasi-

ble option in patients who require WBI with a tumor bed boost af-

ter BCS. 
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Purpose: Conventionally fractionated radiotherapy (CRT) is widely applied for the treatment of high-
risk prostate cancer. Pelvic node irradiation improves control of the disease. Although the therapeutic 
guidelines support the use of hypofractionated and accelerated radiotherapy (HypoAR), this is ad-
dressed to prostate and seminal vesicles. At the same time, the safety and efficacy of HypoAR for pel-
vic node irradiation remain obscure. 
Materials and Methods: In a phase II study, we evaluated the feasibility of pelvic HypoAR in 22 high-
risk prostate cancer patients. The RT scheme delivers 14 consecutive fractions of 3.67 Gy (total 51.38 
Gy) to the prostate, 3.5 Gy (total 49 Gy) to the seminal vesicles, and 2.7 Gy (total 37.8 Gy) to the 
lymph nodes, using image-guided volumetric modulated arc therapy. A comparative radiobiological 
analysis of dose-volume histogram is performed (HypoAR vs. hypothetical equivalent CRT regimens, 
without and with time correction). 
Results: Our clinical experience shows impressively low early and short-term late toxicities, without 
any grade III events, within a median follow-up of 30 months. Only one biochemical relapse was re-
corded 30 months after irradiation. In radiobiological analysis, considering an α/β-value of 4 Gy and a 
λ-value of 0.2 Gy/day for late effects, all comparisons predicted significantly lower toxicity for the 
HypoAR regimen (p < 0.05). For early toxicities (α/β = 10 Gy), a λ-value lower than 0.4 Gy/day favors 
the HypoAR regimen, which is along with the clinical results. 
Conclusion: Radiobiological analysis favors HypoAR as a safe and effective regimen for high-risk 
prostate cancer patients, which is confirmed in the current phase II clinical study. 

Keywords: Hypofractionation, High-risk prostate cancer, Radiobiology, Radiotherapy, Pelvic irradiation  
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Introduction 

High-risk prostate cancer is an aggressive disease with an in-

creased probability of relapse after treatment [1]. According to the 

National Comprehensive Cancer Network (NCCN), high-risk pa-

tients are defined as those with extra-prostatic invasion and/or 

prostate specific antigen (PSA) >20 ng/mL and/or Gleason score 

higher than 7 [2]. Radiotherapy is the primary treatment modality 

for this subgroup of prostate cancer patients. Although the proba-

bility of death at ten years after high radiation dose schedules is 

below 10%, the relapse rate is far higher [3]. The risk of lymph 

node involvement in this high-risk group of patients is quite high, 

exceeding 60% when all the above three conditions are met [4], so 

that pelvic irradiation is a useful therapeutic option in patients 
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treated with radical radiotherapy. In a recent randomized trial, pel-

vic irradiation improved disease-free and distant metastasis-free 

survival [5]. Moreover, the quality of life of patients receiving pelvic 

irradiation is not compromised, further supporting the choice of 

pelvic irradiation in patients with high-risk prostate cancer [6]. 

The administration of radiotherapy fractions larger than 2 Gy 

(hypofractionation), may enhance the efficacy of radiotherapy in 

tumors with low radiobiological α/β-ratio. Moreover, it allows im-

portant reduction of the treatment days for the benefit of patients, 

reducing at the same time the workload and waiting lists of over-

loaded radiotherapy departments. As radiobiological analysis of 

clinical data suggests that the α/β-ratio of prostate cancer is be-

tween 1–3 Gy, thus lower than the one of late responding tissues, 

prostate cancer emerges as an excellent candidate for hypofrac-

tionated radiotherapy [7]. Based on extensive clinical data accu-

mulated from randomized trials, the ASTRO/ASCO/AUA radiothera-

py guidelines for prostate cancer support the choice of moderately 

hypofractionated and accelerated radiotherapy regimens (HypoAR), 

with doses per fraction between 2.4–3.4 Gy, while ultra-hypofrac-

tionated and accelerated regimens with fraction size ≥5 Gy are 

also suggested as an alternative [8]. When, however, pelvic radio-

therapy is to be applied for high-risk prostate cancer patients, the 

evidence available to support HypoAR for pelvic nodes is limited. 

Proposed schemes use conventional radiotherapy for pelvic nodes 

and deliver a simultaneous integrated boost to prostate and semi-

nal vesicles during the treatment time demanded to complete con-

ventional pelvic irradiation [9,10]. 

The current study aims to provide preliminary clinical experience, 

and radiobiological analysis of a HypoAR scheme addressed to 

prostate, seminal vesicles, and pelvic lymph nodes. The potential 

hazard to organs-at-risk (OARs) from the regimen is compared to a 

hypothetical conventionally (2 Gy/fraction) radiotherapy (CRT) 

scheme that delivers the same biological equivalent dose to the tu-

mor. The analysis is performed with and without time correction. 

Materials and Methods 

We report preliminary clinical data, and radiobiological analysis of 

the first 22 patients enrolled in a single-arm prospective study of 

pelvic HypoAR for high-risk prostate cancer patients treated with 

radical pelvic radiotherapy. Nineteen out of 22 patients also re-

ceived hormonal therapy with Luteinizing hormone-releasing hor-

mone (LH-RH) agonists and bicalutamide for 12 months, starting 3 

months before the onset of radiotherapy. The Institute Ethics and 

Research Committee of the University Hospital of Alexandroupolis 

has approved the study (No. ES10 24-10-2018). The patients gave 

written informed consent to participate in the trial and to anony-

mously use their clinical and laboratory data for scientific research 

and publication. 

The primary objective of the study was to demonstrate that, in 

radiobiological analysis, pelvic HypoRT does not significantly in-

crease early and short-term late gastrointestinal and genitourinary 

radiation-induced toxicities, compared to a CRT scheme applied on 

the same target and OAR volumes, using a volumetric modulated 

arc therapy (VMAT) technique. Secondary objectives were to study 

the early toxicities and short-term late toxicities (within a mini-

mum follow-up of 18 months) at the clinical level.  

The study recruited prostate cancer patients referred for radical 

radiotherapy. Patients should have histologically confirmed adeno-

carcinoma of the prostate, with performance status (PS) of 0–1, 

and at least one of the following features: Gleason score ≥8, ex-

tracapsular invasion in prostate magnetic resonance imaging (MRI), 

PSA plasma levels above 20 ng/mL, node involvement in pelvic 

MRI. Exclusion criteria comprised, metastatic disease, previous ra-

diotherapy in the pelvic region, previous chemotherapy or immu-

notherapy for any neoplasia, previous prostate or bladder surgery 

for benign diseases, history of inflammatory bowel disease, history 

of bladder or colorectal cancer, major heart, kidney, liver, autoim-

mune or psychiatric disorders, and PS ≥2.  

Table 1 shows the patient and disease characteristics. Six pa-

tients (27.2%) had extra-prostatic extension at multi-parametric 

Table 1. Patient and disease characteristics (n = 22)

Characteristic Value
Age (yr) 72.5 (62–80)
TNM-stagea)

 T1,2 16
 T3 6
Node involvementa)

 No 21
 Yes 1
Gleason score
 7 13
 8 7
 9–10 2
PSA levels
 5.0–10 5
 10–20 4
 >20 13
Concurrent hormonal therapy
 No 3
 Yes 19

Values are presented as median (range) or number (%).
PSA, prostate specific antigen.
a)Computed tomography/magnetic resonance imaging assessment.
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prostate MRI, one of them with detectable enlarged pelvic nodes 

(regional recurrence high risk). Nine patients (40.9%) had a Glea-

son score 8–10. Thirteen patients (59%) had initial PSA levels 

above 20 ng/mL. The age of patients ranged from 62 to 80 years 

(median, 72.5). 

The follow-up of patients is based on the monitoring of PSA ev-

ery 6 months. Additional radiological tests are performed when 

symptomatology demands further evaluation, or at confirmation of 

biochemical relapse. The follow-up ranges from 18 to 36 months 

(median, 30). Acute radiation toxicity was scored using the Nation-

al Cancer Institute (NCI) Common Toxicity Criteria Version 4.0 

scale, while the LENT-SOMA toxicity scale was applied to score late 

radiation sequel. 

1. Contouring 
Pre-treatment instructions for an empty rectum and a comfortable 

full bladder were given to patients for computed tomography (CT) 

simulation and before each treatment session. The patients were 

scanned in a supine position in a CT-simulator, and a knee-fix de-

vice was used for immobilization. The images were transferred to 

Monaco treatment planning system (TPS) version 5.11.03 (Elekta 

CMS, Maryland Heights, MO, USA) to contour the structures of in-

terest and the production of the treatment plans. 

The delineation of the targets and OARs was made by the head 

of the department (MIK) and the production of plans by the radio-

therapy physicist signing the report (CN), in order to minimize the 

inter-physician and inter-physicist variability. The prostate gland, 

seminal vesicles, and pelvic lymph nodes constitute the three dis-

tinct clinical target volumes (CTVs), while the bladder, rectum, and 

sigmoid are the OARs. A non-uniform margin was applied to the 

CTVs in order to create the planning target volumes (PTVs). Based 

on our experience with image-guided radiation therapy (IGRT), 

these margins were placed to 0.7 cm laterally, 0.5 cm anteriorly, 

and 0.3 cm posteriorly for prostate and seminal vesicles and cor-

rected thereafter by the physician where necessary. Pelvic irradia-

tion included the internal and common iliac nodes up to the upper 

margin of the fifth lumbar vertebra. The CTV margins to create the 

PTV were set at 0.5 cm laterally, anteriorly, and posteriorly. 

2. Radiotherapy technique 
Patients were treated with a 6-MV Elekta Infinity Linear Accelera-

tor (Elekta, Stockholm, Sweden) endowed with an Agility head 

(Elekta), and the technique was VMAT with IGRT. The inversed plans 

were produced with Monaco TPS version 5.11.03 (Elekta CMS), and 

each PTV received at least 95% of the prescribed dose to 98% of 

its volume. Before each radiation treatment, a cone-beam comput-

ed tomography (CBCT) was carried out by Elekta platform Synergy 

kV CBCT (XVI) to check and adjust the position of patients. All pa-

tients received 51.38 Gy to the prostate with 3.67 Gy per fraction, 

49 Gy to the seminal vesicles with 3.5 Gy per fraction, and 37.8 Gy 

to the lymph nodes with 2.7 Gy per fraction, for a total of 14 frac-

tions, five fractions per week, within 18 days. Fig. 1 shows the dose 

distributions of each irradiated PTV for each prescribed dose.  

In contrast to the HypoAR regimen that treats each target si-

multaneously with distinct fractionation, the hypothetical CRT 

scheme delivers all therapy in 2 Gy fractions to all three targets. To 

give the same equivalent dose in 2 Gy (EQD2) as the HypoAR, the 

CRT regimen must be evolved in three phases with distinct treat-

ment plans. The first phase includes the prostate, seminal vesicles 

and lymph nodes, the second the prostate and seminal vesicles, and 

the third the prostate only. 

3. Radiobiological considerations – normalized biological 
dose-volume histograms (DVHs)
The formulas of normalized total dose without and with time cor-

rection (NTD and NTD_T) [11,12], also known as EQD2, are:  

where D is the total physical dose, d is the dose per fraction, α/β is 

the ratio that provides the dose in Gray where cell killing from lin-

ear and quadratic components of the linear-quadratic equation are 

equal, λ is the estimated daily dose consumed to compensate for 

rapid tumor repopulation, Tc is the number of days required for the 

delivery of the NTD using conventional fractionation and To is the 

number of days required for the delivery of the accelerated scheme. 

These equations were applied to the HypoAR prescription dose 

for each PTV in order to calculate the NTD and NTD_T. For prostate 

cancer, an α/β-value of 2 Gy was applied for analysis [13,14]. The 

NTD calculated for prostate, seminal vesicles, and lymph nodes was 

74 Gy, 68 Gy, and 44 Gy, respectively. For a hypothetical CRT 

scheme, the delivery of these total doses demands 51, 46, and 30 

days, respectively. As the overall treatment time (To) for HypoAR 

scheme was 18 days for all three targets, the acceleration applied 

by the HypoAR scheme was 33, 28, and 12 days for prostate, semi-

nal vesicles, and lymph nodes, respectively. The λ-value was as-

sumed to be 0.2 Gy/day because prostate cancer is a slowly grow-

ing tumor, although higher values may apply. Considering a λ-value 

of 0.2 Gy/day, the NTD_T for cancer cells growing in the prostate, 

seminal vesicles, and lymph nodes areas was 80 Gy, 74 Gy, and 46 

Gy, respectively. 

α
β

+2 Gy

α
β

+d
NTD_T (α/β)=D· + λ (Tc–To)

α
β

+2 Gy

α
β

+d
NTD (α/β)=D·
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Fig. 1. Dose distributions for each PTV: (A) PTV prostate, (B) PTV seminal vesicles and (C) PTV pelvic lymph nodes. In each graph the absolute 
doses (in cGy) represent the relative isodoses of 100%, 95%, 90%, 75%, and 50%, respectively. PTV, planning target volume.
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For the radiobiological analysis of early toxicities from bladder 

mucosa, rectum, and sigmoid early toxicities, an α/β ratio of 10 Gy 

was applied, while for late toxicities, we used a value of 4 Gy [15–

17]. Regarding the effect of treatment acceleration on late re-

sponding tissues, a λ-value of 0.2 Gy/day was considered [18]. For 

early mucosa toxicities, the λ-value is obscure, so we assumed a 

range for λ-value between 0.2-0.8 Gy/day [19,20]. Therefore, the 

NTD and NTD_T for late responding tissues included in the PTV 

(100% of dose) was 65 Gy and 72 Gy, respectively, while for early 

responding tissues, this was 58.5 Gy and 65–85 Gy considering the 

range of λ-value. 

4. Conventional planning 
CRT plans were produced with prescription doses that would deliv-

er the same NTD or NTD_T to the targets of interest. CRT planning 

was performed on the same contouring of targets and OARs used 

for the actual HypoAR plans. As was mentioned above, the CRT 

schedule contained a three-phase regimen. For the NTD-planning, 

an initial VMAT arc, in the first phase, included prostate, seminal 

vesicles, and lymph nodes for 44 Gy (2 Gy/fraction). In the second 

phase, a boost arc for an extra 24 Gy to the prostate and seminal 

vesicles (sum dose 68 Gy). Finally, in the third phase, a boost arc is 

confined to PTV prostate for an extra 6 Gy, 2 Gy/fraction (sum dose 

74 Gy). Similarly, for NTD_T-planning, the first phase administered 

46 Gy, the second for 28 Gy (sum dose 74 Gy), and the third for 6 

Gy (sum dose 80 Gy). Each cost function that was used in delivered 

plans was exactly used in the three-phase plans, customized for 

each prescription dose. 

5. Data processing 
To compare dose distributions for the different fractionations, the 

raw data from each point of cumulative physical DVHs (pDVHs) (for 

PTVs and OARs) were extracted in an excel worksheet. In this data 

set, the NTD and NTD_T equations were applied to create complete 

biological DVHs (bDVH) of HypoAR and CRT schemes.  

6. Statistical analysis  
The primary endpoints of this phase II study was to prove that 

VMAT-HypoRT is not inferior in terms or early and late toxicities in 

radiobiological analysis, compared to VMAT-CRT. Given the favor-

able results obtained in a previously performed pilot study (unpub-

lished data), showing that grade 3 rectal toxicity was lower than 

10%. The Simon’s two stage method was used to calculate the 

sample size based on rectal toxicity estimates. We considered 5% 

as the acceptable levels for rectal toxicity ≥3. Unacceptable toxici-

ty with 80% power and 5% significance level was set at 20%. The 

model suggested a sample size of 20 patients, which is also consid-

ered reasonable taking also into account the predicted rate of re-

cruitment of patients and the minimum follow-up of 18 months 

demanded [21]. 

The statistical analysis was performed with the PRISM 8 (Graph-

Pad Software Inc., San Diego, CA, USA). More specifically, the 

paired two-tailed t-test was applied for the comparison of the two 

regimens. Four dose-points of the bDVH chosen for the compari-

son: D50%, D35%, D25%, and D15%, where Dx% is dose delivered to the 

x% of the organ volume [22]. A p-value <0.05 was considered for 

significance. 

Results 

1. Clinical experience 
Early toxicities were impressively low. Dysuria grade 1 was noted in 

6/22 and grade 2 in 1/22 patients. Urinary frequency grade 1 was 

noted in 6/22 patients. Four patients out of 22 developed grade 1, 

and 3/22 grade 2 proctitis. Diarrhea grade 1 was reported by 7/22 

and grade 2 by 5/22 patients, which was settled within a week 

from the end of therapy. Within a median follow-up of 30 months, 

late toxicities are confined to 1/22 cases with grade 1 dysuria and 

3/22 with grade 1 frequency. No toxicities related to the rectum, 

sigmoid, or bladder have been reported. 

One patient died from intercurrent disease. All other patients are 

alive with no evidence of local or metastatic disease. One biochem-

ical relapse occurred 30 months after irradiation. 

2. Early toxicity radiobiological analysis 
Tables 2 and 3 show the mean NTD and NTD_T, the standard devia-

tion, the range, and the p-value for all OARs for early effects, using 

a range of λ-values between 0.2–0.8 Gy/day. Considering the NTD 

and NTD_T for a λ-value of 0.2 Gy/day (Table 2), all data from blad-

der, rectum and sigmoid, favor the HypoAR regimen over the CRT 

and the differences are significant (p <  0.05). When, however, the 

upper λ-value of 0.8 Gy/day is considered (Table 3), early respond-

ing mucosa of all three organs receives an NTD_T that is higher 

when the HypoAR regimen is applied. Fig. 2 shows graphically the 

NTD and NTD_T DVHs for λ values of 0.2 Gy/day and 0.8 Gy.

Taking into account the fact that the clinically observed early 

toxicities from the bladder, rectum, and sigmoid were very low in 

the HypoAR regimen, thus at worst equal to the one expected from 

CRT, we calculated the maximum λ-value for early responding tis-

sues that would give an NTD_T DVH curve proximal to the CRT 

curve. 

Using linear interpolation, we estimated the λ-value that would 

give an NTD_T DVH HypoAR curve close to the DVH curve of the 

CRT. Focusing on the 50% organ volume NTD_T, we estimate the 
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λ-values are 0.31 Gy/day, 0.47 Gy/day, and 0.32 Gy/day for bladder, 

rectum, and sigmoid, respectively. Focusing on the 15% organ vol-

ume NTD_T, the λ-values are 0.61 Gy/day, 0.74 Gy/day, and 0.38 

Gy/day for bladder, rectum, and sigmoid, respectively. Taking into 

account the low early toxicity observed in the clinical practice, we 

postulated that the λ-value of pelvic early responding tissues is 

lower than 0.4 Gy/day.  

2. Late toxicity radiobiological analysis  
Table 4 shows the comparison of NTD and NTD_T for late effects of 

all OARs for λ =  0.2 Gy/day. For bladder and sigmoid, HypoAR 

NTD_T50 and CRT NTD_T50, there is no significant difference. 

However, all the other comparisons are strikingly lower in the Hy-

poAR regimen (p <  0.05). Fig. 3 shows the NTD and NTD_T DHVs 

graphically for λ values of 0.2 Gy/day. 

Discussion and Conclusion 

External beam HypoAR with various fractionation schemes ranging 

from 2.5 to 6.1 Gy per fraction are well-established regimens for 

localized irradiation of the prostate and/or seminal vesicles. Pro-

phylactic pelvic node irradiation is, however, recommended for 

high-risk patients, as this improves the biochemical-free and dis-

ease-free survival [5]. Even after pelvic lymphadenectomy, irradia-

tion of pelvic nodes in histologically confirmed node-positive dis-

ease improves the survival of patients [23]. Pelvic radiotherapy is 

always indicated for patients with radiologically detectable nodal 

disease scheduled for radical radiotherapy. Intensity-modulated ra-

diation therapy (IMRT) techniques allow the administration of high 

radiation doses up to 56 Gy EQD2 with a modest side effect profile 

[24]. 

Fig. 2. Comparison of four points (D50%, D35%, D25%, D15%) of average bladder, rectum and sigmoid dose-volume histogram corrected for fraction-
ation related to early toxicities (α/β = 10 Gy, λ = 0.2 Gy/day and 0.8 Gy/day) for HypoAR and CRT without time correction (A–C) and with time 
correction (D–F) and (G–I). NTD, normalized total dose without time correction; NTD_T, normalized total dose with time correction; HypoAR, 
hypofractionated and accelerated radiotherapy; CRT, conventionally radiotherapy.
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The experience reported on HypoAR regimes for high-risk pros-

tate cancer demanding pelvic irradiation is limited. Several studies 

attempt hypofractionated schemes to the prostate gland and con-

ventional fractionation to lymph nodes. The outcomes of these re-

ports were acceptable despite the small samples and the short fol-

low-up time [9,10,25-27]. A recent study reports 105 patients 

treated with combined androgen deprivation therapy (ADT) and 

pelvic HypoAR [28]. The prescribed dose to prostate PTV was 60 Gy 

with 3 Gy/fraction, and for PTV lymph nodes were 44 Gy, 2.2 Gy/

fraction for 20 fractions 5 fractions/week. The median follow-up of 

74 months shows that this treatment is safe, effective, and well- 

tolerated, while the duration is shortened, convenient for both pa-

tients and the health system [28]. However, the reluctance to use 

larger radiotherapy fractions to treat the pelvic lymph nodes is not 

justified as there is an overwhelming experience from established 

pre-operative rectal cancer regimens delivering 5 Gy for 5 consec-

utive fractions, with excellent tolerance [29]. In a very recent study, 

Telkhade et al. [30], treated 60 prostate cancer patients with five 

fractions of 7 Gy to the prostate and 5 Gy to the nodes, confirming 

low toxicity and high efficacy. 

The HypoAR scheme applied herein to treat pelvic nodes and the 

prostate area within 14 days is based on an extensive previous ex-

perience obtained in our department with a HypoAR schedule de-

livered postoperatively in various pelvic tumors, including endome-

trial, bladder, and prostate cancer [31–33]. The scheme delivers 14 

consecutive fractions of 2.7 Gy to the pelvis, and tolerance and ef-

ficacy have been excellent. A booster dose can be safely given to 

the prostate or bladder, or whatever pelvic tumor using three di-

mensional (3D) conformal RT, either concurrently or after the 14 

fractions. In the current study, the booster dose was delivered si-

multaneously to the prostate (3.67 Gy) and the seminal vesicles (3.5 

Gy) so that the whole therapy was accomplished within 18 days. A 

VMAT technique was applied that further reduces the dose to criti-

cal organs, as compared to the previously applied 3D technique. 

The choice of 3.67 Gy per fraction is based on a previously tested 

3D schedule delivering 15 fractions of 3.5 Gy to the prostate, which 

gives a biological dose equivalent to the 14 fractions of 3.67 Gy 

[34]. 

The radiobiological analysis of the applied HypoAR scheme 

shows that the late toxicity of bladder, rectum, and sigmoid is low-

er than a CRT regimen that would deliver the same biological dose 

to prostate cancer, whether time corrected or not. The parameters 

that we assumed for our calculations were 2 Gy for α/β ratio of 

prostate tumor, 10 Gy and 4 Gy for early and late effects of normal 

tissues, respectively. The λ-value for late responding tissues was 0.2 

Gy/day. Analysis for early responding tissues (α/β =  10 Gy) was 

performed for two extreme λ-values, 0.2 and 0.8 Gy/day. Only for 
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Fig. 3. Comparison of four points (D50%, D35%, D25%, D15%) of average bladder, rectum and sigmoid dose-volume histogram corrected for fraction-
ation related to late toxicities (α/β = 4 Gy, λ = 0.2 Gy/day) for HypoAR and CRT without time correction (A, C, E) and with time correction (B, D, 
F). NTD, normalized total dose without time correction; NTD_T, normalized total dose with time correction; HypoAR, hypofractionated and ac-
celerated radiotherapy; CRT, conventionally radiotherapy.

λ-values as high as 0.8 Gy/day predicted for worse early toxicity for 

HypoAR compared to CRT. The study’s clinical findings showed a 

very low early toxicity for bladder, rectum, and sigmoid, indicating 

that λ-values as high as 0.8 Gy/day are not realistic. Although our  

experience shows that early toxicities expected from HypoAR 

should be lower than CRT, we assumed equal toxicities to calculate 

the maximum applicable λ-values. These were 0.61 Gy/day, 0.74 

Gy/day and 0.38 Gy/day for bladder, rectum and sigmoid, respec-

tively. It is stressed that, despite the preliminary favorable clinical 

data, the study is theoretical in its design, having as primary end-

point the radiobiological analysis, and thorough clinical evaluation 

in a large sample of patients is demanded. Assessment of late tox-

icities demand longer follow-up and so does the evaluation of the 

efficacy of the regimen. Although the current study assumes an 

equal NTD to prostate cancer cells between HypoAR and CRT, based 

an α/β and λ-value assumptions, this remains to be proved in 

non-inferiority randomized trials. Based on the current encourag-

ing evidence, the study has switched to a phase II trial with a pri-

mary end-point the long term toxicities and clinical efficacy with a 

minimum follow-up of 5 years. 

We conclude that the 14-fraction HypoAR scheme addressed to 

the prostate and pelvic nodes for high-risk prostate cancer has 

good tolerance and efficacy. This regimen is safe for both the early 

and late effects of radiation on normal tissues in terms of toxicity. 

It shortens the duration of treatment, which is convenient for busy 

radiotherapy departments and much more appealing to patients 

who have to travel to the radiotherapy departments for 14 instead 

of 40 days. The question of an eventual superiority in terms of effi-

cacy compared to CRT should be tested in randomized trials. 
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Introduction 

First identified in 1930, Erdheim-Chester disease (ECD) is an ex-

tremely rare non-Langerhans cell histiocytosis characterized by 

symmetric osteosclerosis of the long bones of the lower extremities 

(96%) due to invasion by CD68+, CD163+, Langerin-negative xan-

thomatous histiocytes with surrounding fibrosis [1]. Although 

multi-organ involvement is common, less than half of patients 

present with any central nervous system (CNS) involvement, and 

CNS-confined disease is extremely rare [1]. Based upon extrapolat-

ed data from small retrospective series, systemic therapy is the 

mainstay of therapy, even for patients with CNS-only disease [1]. 

However, some neurologic complaints may be refractory to system-

ic therapy [1-3]. Palliative radiation therapy (RT) is a potent tool 
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is undefined. We present a patient with ECD of the medulla complicated by respiratory failure and 
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offering improved local control and symptomatic relief for brain 

and spine metastases of varying histology [4,5]. Yet the role for RT, 

whether focal or targeted to the entire neuroaxis, remains poorly 

defined in patients with ECD. 

Case reports have described patients presenting with a single or 

handful of CNS lesions, typically intracranial, without obvious sys-

temic disease [6-8]. However, we present the case of a 38-year-old 

patient with ECD of the medulla complicated by respiratory failure 

and motor deficits, which represents, to our knowledge, the first 

patient with disseminated leptomeningeal disease (LMD) at diag-

nosis without systemic disease. This case also represents one of the 

first reports describing the delivery of palliative craniospinal irradi-

ation (CSI) for this neoplasm. We review this unusual presentation 

of ECD to highlight the difficulties associated with accurate diag-
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nosis and management of symptomatic, disseminated, CNS-only 

disease. For this report, informed consent was obtained from the 

patient. 

Case Report 

A previously healthy 38-year-old male former smoker with a 20 

pack-year history presented with a 4-month history of 30-pound 

weight loss, 2-month history of progressive left lower extremity 

weakness (LLE) leading to difficulty with ambulation, and intermit-

tent headaches. A generalized physical examination was unremark-

able, but detailed neurologic examination was significant for LLE 

weakness with 4/5 strength with hip, knee, and ankle flexion and 

extension. No other neurologic deficits were noted. The headaches 

and motor deficits were concerning for an intracranial disease pro-

cess, and the weight loss and smoking history were concerning for 

a metastatic neoplasm. 

Computed tomography (CT) imaging of the chest, abdomen, and 

pelvis was unremarkable. However, magnetic resonance imaging 

(MRI) with contrast of the brain revealed diffuse, enhancing mass-

es including most prominently a 2.4 cm ×  1.4 cm lesion centered 

in the dorsal medulla (Fig. 1A) with mass effect causing effacement 

of the fourth ventricle. This mass was T1 and T2 hyperintense but 

not associated with edema on T2 flair sequences. A mass of the bi-

lateral cavernous sinuses and Meckel’s caves was also noted with 

adjacent, intracranial LMD (Fig. 1B). Diffuse, contrast enhancing, 

leptomeningeal disease was also observed in the distal spinal canal 

and nerve roots of the cauda equina (Fig. 2A). These lesions were 

hypermetabolic on positron emission tomography (PET) imaging. 

No PET-avid disease was observed outside the CNS. Cerebrospinal 

fluid cytology from two separate lumbar punctures contained a 

few atypical cells suspicious for neoplasm but was ultimately 

non-diagnostic. During workup, the patient’s weakness progressed 

to such extent that he struggled to lift his bilateral lower extremi-

ties against gravity. 

To establish a diagnosis, the patient underwent suboccipital cra-

niectomy with C1 posterior arch resection for biopsy of the lesion 

of the medulla. Surgical pathology was notable for sheets of mod-

erately pleomorphic histiocytes with prominent nucleoli, abundant 

eosinophilic cytoplasm, and fibrosis (Fig. 3A). CD68, a marker of 

histiocytic differentiation, was positive within these cells (Fig. 3B). 

The cells were also positive for CD163. Scattered Rosenthal fibers 

were also identified (Fig. 3C). Even after biopsy, the diagnosis re-

mained unclear. The pattern of CNS-limited disease was perhaps 

Fig. 1. (A) Pre-treatment T1-weighted post-contrast magnetic resonance imaging of the brain and spine revealed diffuse, enhancing masses 
including prominent, enhancing masses centered in the dorsal medulla (yellow arrow) and (B) cavernous sinuses (yellow arrow) with associated 
leptomeningeal disease (white arrows).
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compatible with a demyelinating condition such as multiple sclero-

sis or a primary tumor of the CNS such as medulloblastoma or 

ependymoma but incongruous with the surgical pathology. An oc-

cult primary neoplasm metastatic to the CNS such as melanoma 

was considered but similarly inconsistent with the histopathologic 

features. A pathology consult was requested from a specialized pa-

thologist at another tertiary care center, and a diagnosis of ECD 

was ultimately made, as it was most consistent with the morpho-

logic and immunophenotypic features from the surgical pathology 

including the sheets of pleomorphic histiocytes and CD68 positivity. 

Additional testing revealed that the tumor did not harbor an onco-

genic BRAF mutation. 

Multidisciplinary tumor board recommended that the patient re-

ceive upfront CSI rather than systemic therapy due to the extensive 

burden of symptomatic, diffuse, CNS-only disease. This recommen-

dation gained added weight when the patient was admitted on the 

day of his first radiation treatment for acute hypoxic respiratory 

failure requiring intubation. Brain MRI with contrast revealed pro-

gression of the lesion in the medulla and worsening hydrocephalus. 

He underwent ventricular shunt placement and started RT while 

intubated. A dose of 3,240 cGy in 18 fractions was prescribed. The 

patient was simulated in the supine position without contrast with 

neck extended. A thermoplastic head and neck mask and knee and 

foot sponges were used for reproducible immobilization. The most 

recent MRIs of the brain and cervical, thoracic, and lumbar spine 

were fused to assist with target delineation. The clinical target vol-

ume consisted of the brain and entire spinal canal with 3 mm cir-

cumferential and 8–12 mm anisotropic expansions, respectively, to 

create a planning target volume (PTV) with margin to account for 

setup uncertainty. A 100% of the dose was prescribed to the PTV, 

and it was well covered by the 95% and 100% isodose lines (Fig. 4). 

Treatment was delivered using a volumetric arc therapy plan with 

three fields required to cover the entire neuroaxis: brain, upper 

spine, and lower spine. Treatment to the brain field was delivered 

using three arcs with 6 MV photons, while treatment to the upper 

and lower spine fields was delivered using two arcs with 6 MV 

photons. Daily cone beam CT was used to align the patient for 

therapy. As his clinical condition improved during his course of RT, 

he was extubated, underwent tracheostomy prior to discharge, and 

then successfully completed his prescribed course of RT as an out-

patient. Treatment was well tolerated with no significant acute 

Fig. 3. (A) Surgical pathology demonstrated sheets of moderately pleomorphic histiocytes with prominent nucleoli and abundant, eosinophilic 
cytoplasm, accompanied by degrees of fibrosis with (H&E, 20× magnification), (B) CD68, a marker of histiocytic differentiation, positive within 
these cells (20× magnification), and (C) scattered Rosenthal fibers identified (blue arrows) (H&E, 40× magnification).

Fig. 2. (A) Pre-treatment T1-weighted post-contrast magnetic reso-
nance imaging of the lumbar spine revealed diffuse, contrast en-
hancing, leptomeningeal disease including in the nerve roots of the 
cauda equina (yellow arrows), while (B) post-treatment T1-weighted 
post-contrast imaging of the lumbar spine revealed substantial im-
provement in the extent of leptomeningeal disease.
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toxicity. 

One month after CSI, surveillance MRI brain and spine demon-

strated an excellent response to therapy. The symptomatic, en-

hancing mass in the medulla had decreased in size and displayed 

decreased PET-avidity. Known LMD in the brain and cauda equina 

were stable and significantly improved, respectively (Fig. 2B). Next, 

he completed three cycles of cladribine with continued disease 

control. Four months after RT, an oligoprogressive, contrast en-

hancing, left cerebellar lesion was noted on routine MRI surveil-

lance imaging, and he successfully underwent suboccipital cra-

niectomy for improved local control. Five months after CSI, MRI of 

the brain was consistent with isolated progression of the primary 

tumor in the medulla with increased size of the contrast enhanc-

ing disease. Again, no systemic disease was noted on MRI spine 

and PET restaging. Clinically, he was stable on room air and neuro-

logic examination demonstrated significant improvement in the 

strength of his lower extremities (3/5 and 4/5 in the left and right 

lower extremities, respectively) roughly back to his 4/5 baseline at 

diagnosis and improved with respect to his immediate pre-CSI 

baseline of bilateral 2/5 strength in those extremities. No new 

neurologic complaints or deficits were noted. To decrease the risk 

of local recurrence, he underwent postoperative fractionated ste-

reotactic radiotherapy (FSRT) to 2,500 cGy in 5 fractions to the re-

section bed. For improved local control, he simultaneously under-

went FSRT, also to 2,500 cGy in 5 fractions, for re-irradiation of 

the progressive disease in the medulla. Seven months after CSI, he 

died secondary to cardiopulmonary arrest of unknown etiology 

with stable MRI imaging suggesting that it was not secondary to 

progressive CNS disease. 

Discussion 

This reports highlights, to our best knowledge, the first reported 

case of ECD with disseminated LMD at the time of diagnosis but 

without any systemic disease. This case also represents one of the 

first reports describing the delivery of palliative CSI for this neo-

plasm. ECD is an extremely rare, non-Langerhans cell histiocytosis 

that classically causes symmetric osteosclerosis of the long bones 

of the lower extremities in over 90% of cases due to organ inva-

sion by CD68+, CD163+, Langerin-negative xanthomatous histio-

cytes with surrounding fibrosis [1]. A key feature frequently aiding 

diagnosis is that 50%–70% of patients have BRAF V600E mutated 

disease [1-3]. ECD primarily presents in adults 50–60 years of age 

with males at mildly increased risk [1]. Prognosis is highly variable, 

as disease course can range from indolent to rapidly progressive 

and/or fatal [1]. Multi-organ involvement is common, particularly 

cardiovascular involvement which can be seen in roughly half of 

Fig. 4. Sagittal imaging from the computed tomography simulation 
for treatment planning for craniospinal irradiation shows the plan-
ning target volume (outlined in red, 100% of the dose was prescribed 
to this volume) was well covered by the 95% (green) and 100% isod-
ose lines (3,240 cGy, outlined in yellow).

3240

3240

3078

165https://doi.org/10.3857/roj.2021.01074

CSI for CNS Erdheim-Chester disease



patients [1]. Potential cardiac manifestations include disease of 

the large blood vessels, pericardium, coronary arteries, and inter-

atrial walls [1]. Retroperitoneal fibrosis is also commonly seen [1]. 

Despite the risk of multi-organ involvement, only 30%–50% of 

patients have any CNS involvement [1-3]. CNS involvement typi-

cally manifests as disease of the hypothalamic-pituitary-adrenal 

axis, meninges, or brain parenchyma [1]. While CNS involvement 

can be an asymptomatic radiographic finding, it can also produce 

symptoms depending on the affected structure that can range 

from diabetes insipidus to focal deficits from cranial nerve, spinal 

cord, or brain injury [1]. MRI is the most reliable way to identify 

CNS disease [1]. CNS disease is a prognostic factor of unclear im-

portance, as it has been significantly associated with inferior sur-

vival in some [3], but not all, retrospective series [1]. ECD limited 

to the nervous system has been described, but is incredibly rare [1]. 

Isolated adult and pediatric reports have documented single site 

ECD confined to peripheral nerves [9], cranial nerves [10], and the 

brain [6,7]. One case report documented a patient presenting with 

multiple brain lesions before eventually developing other lesions 

including bony disease [8]. However, our report may be the first to 

document ECD with disseminated LMD at presentation but with-

out any systemic involvement. In this context, our CNS-limited, 

BRAF wild type case proved especially difficult to diagnose due to 

this unusual presentation. 

Because of its rarity (less than 1,000 cases ever reported) [11], 

standard of care is not well defined. Evidence guiding management 

is mostly limited to case series and small retrospective studies [1]. 

Systemic therapy, although noncurative, is the mainstay of therapy, 

as it appears to offer a survival benefit irrespective of CNS disease 

burden [1]. BRAF-targeted therapy improves outcomes in some pa-

tients with oncogenic BRAF mutations [1,12], while MEK inhibitors 

or chemotherapeutic agents (including cladribine) are beneficial in 

wild type disease [1,13,14]. The role of palliative RT is well estab-

lished in the management of CNS metastases [4,5]. However, the 

role of palliative RT for ECD in the CNS is poorly studied, and limit-

ed to case reports and small case series [8,15-20] (Table 1). Three 

patients are reported to have received RT to 1,600–2,000 Gy (likely 

conventionally fractionated) focally directed to symptomatic sites 

in the brainstem and spine [16,17]. These relatively low doses pro-

vided a 66% rate of durable local control [16,17], but one patient 

progressed within 2 months [16]. Another patient, initially believed 

to have multiple meningiomas, received 50.4 Gy in 28 fractions 

with excellent local control but progressed elsewhere in the brain 

outside the treated areas within a year [8]. Four patients received 

palliative whole brain radiation therapy (WBRT) from 1,440 to 

2,400 Gy in 8 to 12 fractions [15,16,18,19]. Six months after thera-

py, one patient enjoyed excellent, durable intracranial control [19], 

but the remaining three patients experienced symptomatic, intra-

cranial progression 2–18 months after therapy [15,16,18]. 

CSI for ECD has been described even less frequently. One patient 

with a classic presentation of ECD with bilateral lower extremity 

osteosclerosis received CSI to 1,600 cGy delivered over a 5-week 

period for symptomatic CNS disease [20]. Six months after CSI, she 

displayed no clinical or radiographic evidence of CNS progression 

[20]. This regimen differs significantly from our prescribed regimen 

in both dose (3,220 cGy vs. 1,600 cGy) and time elapsed during 

therapy (3.5 weeks with standard daily fractionation instead of 5 

weeks). Our more standard dose and fractionation was justifiable 

given our patient’s young age, excellent prior performance status, 

and the need to maximize rapid but durable local control and 

symptomatic relief as his symptomatic brainstem mass resulted in 

respiratory compromise. CSI quickly aided with patient extubation, 

improved motor function, and was well tolerated with no observed 

treatment-related toxicity. Other than oligoprogression at just two 

sites that was amenable to local therapy, palliative CSI overall pro-

vided excellent, durable CNS disease control and symptom pallia-

tion and prevented neurologic compromise. The patient ultimately 

experienced a non-neurologic death without treatment-related 

Table 1. Summary of prior reports of RT for ECD involving the central nervous system

Study, year Number of patients RT field Dose (Gy) Fractions Follow-up (mo) Local failure
Johnson et al. [8], 2004 1 Focal 50.4 28 Unspecified No
Mascalchi et al. [15], 2002 2 WBRT 24 12 18 Yes
Miller et al. [16], 2006 3 WBRT 16 8 4 Yes

4 Focal 20 10 2 Yes
Babu et al. [17], 1997 5 Focal 16 Unspecified 48 No

6 Focal 18 Unspecified 2.5 No
Wright et al. [18], 1999 7 WBRT 16 8 3 Yes
Smith et al. [19], 1993 8 WBRT 14.4 10 6 No
Bohlega et al. [20], 1997 9 CSI 16 8 6 No

RT, radiation therapy; ECD, Erdheim-Chester disease; WBRT, whole brain radiation therapy; CSI, craniospinal irradiation.
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complications. Thus, our case demonstrates that CSI may be a safe 

and effective palliative therapy for patients requiring improved lo-

cal control and symptom palliation of disease within the CNS. The 

effectiveness of palliative RT in ECD is related to the somewhat ra-

diosensitive nature of this histiocytic process; while not curative, 

palliative doses can at least temporarily reduce histiocytic infiltra-

tion of involved, symptomatic tissues [16]. 

In summary, due to its rarity, diagnosis of ECD, a rare non-Lang-

erhans cell histiocytosis, is difficult even when it classically pres-

ents with symmetric, lower extremity osteosclerosis, multi-organ 

involvement, and histopathology documenting invasion by Langer-

in-negative histiocytes with surrounding fibrosis. CNS-only disease 

is extremely rare, and particularly tricky to diagnose and manage. 

Systemic therapy is the mainstay of therapy but can be ineffective, 

and refractory neurologic complaints are seen. Yet, the safety and 

efficacy of RT, potentially a highly effective palliative tool, remains 

poorly defined. We have highlighted the first case of ECD with dis-

seminated LMD at the time of diagnosis but without any systemic 

disease. This case also represents one of the first reports describing 

the delivery of palliative CSI for this neoplasm, which provided ex-

cellent, durable CNS disease control, symptom palliation, and pre-

vented neurologic compromise before the patient ultimately expe-

rienced a non-neurologic death. Thus, our experience suggests that 

in appropriately selected cases, palliative CSI may safely offer im-

proved local control and symptomatic relief for CNS disease.  
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cation elsewhere. The main document with manuscript text and tables 

should be prepared with an MS-word program

· The manuscript should be written in 11-point font with double-line 

spacing on A4-sized (21.0× 29.7 cm) paper with 25 mm margins on 

the top, bottom, right and left.

· All manuscript pages are to be numbered at the middle of the bottom 

consecutively.

(2) Language
Manuscripts must be written succinctly in clear, grammatical English. 

All manuscripts originating from non-English speaking countries must 

be revised by a professional linguistic reviewer. Medical terminology 

should be written based on the most recent edition of Dorland’s Illus-

trated Medical Dictionary or the most recent edition of English-Korean 

Korean-English Medical Terminology, published by the Korean Medical 

Association. The use of acronyms and abbreviations is discouraged and 

should be kept to a minimum. When used, they are to be defined 

where first used, followed by the acronym or abbreviation in parenthe-

ses. Drug and chemical names should be stated in standard chemical 

or generic nomenclature. Units of measure should be presented ac-

cording to the SI units (e.g., Gy, Sv, Bq, m, kg, L).

(3) Reporting Guidelines for Specific Study Designs
For the specific study design, such as randomized control studies, 

studies of diagnostic accuracy, meta-analyses, observational studies, 

and non-randomized studies, it is recommended that the authors fol-

low the reporting guidelines listed in the following table.

ORIGINAL ARTICLES
Original articles are reports of basic or clinical investigations. The man-

uscript for an original article should be organized on a separate page 

in the following sequence: title page, abstract and keywords, text (in-

troduction, materials and methods, results, discussion, and conclusion), 

statements, references, tables, and figure legends.

1) Title page
The title Page should carry the following information.

· The title should be short, informative, and contain the major key-

words (no more than 15 words). It is not necessary to lead with ex-

pressions like “clinical research on -” or “the study on -.”

· Each author’s name (first name, middle name, and surname) followed 

by the highest academic degree (e.g., Gil Dong Hong, MD).

· The name of the department (s) and institution (s) where the work 

was conducted. If the authors’ affiliation is different, indicate individ-

ual departments and institutions by inserting a superscript letter im-

mediately after the author’s name, and the same letter in front of the 

appropriate institution.

· Running title of fewer than 60 characters.

· Source(s) of support in the form of grants, equipment, drugs, or all of 

these.

· Complete mailing address, telephone, and E-mail for correspondence 

and reprints.

2) Abstract and Keywords
The abstract should be no more than 250 words, and described con-

cisely, in a paragraph, Purpose, Materials and Methods, Results, and 

Conclusion. Up to six keywords should be listed below the abstract. For 

selecting keywords, refer to the Medical Subject Headings; if suitable 

MeSH terms are not yet available for recently introduced terms, pres-

ent terms may be used.

3) Text
Text should be arranged in the following order: Introduction, Materials 

and Methods, Results, Discussion, and Conclusion.

Introduction
Introduction section should contain 1) the background and rationale 

of the study and 2) the objective of the study. The former part should 

Initiative Type of study Source

CONSORT Randomized controlled trials http://www.consort-statement.org

STARD Studies of diagnostic accuracy http://www.stard-statement.org

PRISMA Preferred reporting items of systematic reviews and meta-analyses http://www.prisma-statement.org

STROBE Observational studies inepidemiology http://www.strobe-statement.org
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state background information and references that inform the reader as 

to why the study was performed. Please avoid an extensive review of 

the literature. The final paragraph of the introduction should clearly 

state the hypothesis and the objective of the study.

Materials and Methods
Materials and Methods section should include sufficient details of the 

research design, subjects, and methods. Sufficient details need to be 

addressed in the methodology section of an experimental study so 

that it can be further replicated by others. The sources of special 

chemicals or reagents should be given along with the source location 

(name of the company, city, state/province, and country). Identify and 

provide references for all the statistical methods used. Statistical 

methods should be described meticulously. Software used for the sta-

tistical analysis should be stated with the name, manufacturer, and 

version. For studies using human subjects, the detail of IRB approval 

and patient informed consent should be stated. For animal experi-

ments, a statement of approval by the institutional animal care com-

mittee or appropriate substitute should be provided.

Results
Present the results in logical sequence in the text, along with tables 

and figures. Do not repeat data that are already covered in the tables 

and/or figures; summarize only important observations. Do not illus-

trate minor details if their message is adequately conveyed by simple 

descriptive text. Make sure to give results for all items evaluated as 

mentioned in Materials and Methods section. State the statistical sig-

nificance of the results.

Discussion and Conclusion
Emphasize the advances in knowledge provided by the study and the 

conclusions that follow from them. Do not repeat in detail the data giv-

en in the Results section. Include in the Discussion the implications of 

the findings and their limitations. Relate the observations to other rele-

vant studies. Link the conclusions with the goals of the study, but avoid 

unqualified statements and conclusions not supported by the data.

4) Statements
All manuscripts must contain the following statements after the main 

text and before the reference list.

Statement of Ethics
In the manuscript, the authors should state that subjects have given 

their written informed consent and that the study protocol was ap-

proved by the institute’s committee on human research.

(1) Study approval statement: Provide name and affiliation of the com-

mittee who approved the study and the decision reference number 

like as “This study protocol was reviewed and approved by [com-

mittee name, affiliation, and approval number].” If ethics approval 

was not required, or if the study has been granted an exemption 

from requiring ethics approval, this should also be stated, including 

the name of the ethics committee who made that decision.

(2) Consent to participate statement: For studies using human sub-

jects, state whether written informed consent was obtained from 

participants to participate in the study. If written informed consent 

was not required, or if the study has been granted an exemption 

from requiring written informed consent, this should also be stat-

ed, including the name of the ethics committee who made that 

decision.

Conflicts of Interest Statement
All potential conflicts of interest must be stated within the text of the 

manuscript, under this heading. This pertains to relationships with 

pharmaceutical companies, biomedical device manufacturers, or other 

corporations whose products or services are related to the subject 

matter of the article. Such relationships include, but are not limited to, 

employment by an industrial concern, ownership of stock, membership 

on a standing advisory council or committee, being on the board of di-

rectors, or being publicly associated with the company or its products. 

Other areas of real or perceived conflict of interest could include re-

ceiving honoraria or consulting fees or receiving grants or funds from 

such corporations or individuals representing such corporations. Also, 

the nonfinancial relationships (personal, political, or professional) that 

may potentially influence the writing of the manuscript should be de-

clared. Please state “The authors have no conflicts of interest to de-

clare” if no conflicts exist.

Acknowledgement (optional)
If necessary, persons who have made substantial contributions, but 

who have not met the criteria for authorship, are acknowledged here. 

An exception is where funding was provided, which should be included 

in Financial Support.

Financial Support
Authors must give full details about the funding of any research rele-

vant to the study, including the name of the funding agency, country 

and the number of the grant provided by the funding agency.

Author Contributions
In the Author Contributions section, a short statement detailing the 

contributions of each person named as an author should be included. 

Contributors to the paper who do not fulfil the ICMJE criteria for au-
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thorship should be credited in the Acknowledgement section.

Data Availability Statement
Authors are required to provide a Data Availability Statement in their 

article that details whether data are available and where they can be 

found. The journal’s data sharing policy strongly encourages authors 

to make all datasets on which the conclusions of the paper rely avail-

able to editors, reviewers, and readers without unnecessary restriction 

wherever possible. In cases where research data are not publicly avail-

able on legal or ethical grounds, this should be clearly stated in the 

Data Availability Statement along with any conditions for accessing 

the data.

Examples of Data Availability Statements:

· The data that support the findings of this study are openly available 

in [repository name e.g “figshare”] at http://doi.org/[doi], reference 

number [reference number]

· Publicly available datasets were used in this study. These can be found 

in [repository name e.g “figshare”] at http://doi.org/[doi], reference 

number [reference number]

· All data generated or analyzed during this study are included in this 

article [and/or] its supplementary material files. Further enquiries can 

be directed to the corresponding author.

· The data that support the findings of this study are not publicly avail-

able due to [REASON WHY DATA ARE NOT PUBLIC e.g., their contain-

ing information that could compromise the privacy of research par-

ticipants] but are available from [e.g., the corresponding author [au-

thor initials] OR Data sharing committee [PROVIDE CONTACT DETAILS 

including email address] upon reasonable request]

· The data in this study was obtained from [third party source] where 

[RESTRICTIONS/LICENCE] may apply. Such a dataset may be request-

ed from [source contact information].

5) References
In the text, references should be cited with Arabic numerals in brack-

ets, numbered in the order cited. In the references section, the refer-

ences should be numbered in order of appearance in the text and list-

ed in English. List all authors if there are less than or equal to six au-

thors. List the first three authors followed by “et al.” if there are more 

than three authors. If an article has been published online, but has not 

yet been given an issue or pages, the digital object identifier (DOI) 

should be supplied. Journal titles should be abbreviated in the style 

used in Medline. Other types of references not described below should 

follow Citing Medicine: The NLM Style Guide for Authors, Editors, and 

Publishers.

Journal articles:
1. Yu JI, Park HC, Choi DH, et al. Prospective phase II trial of regional 

hyperthermia and whole liver irradiation for numerous chemore-

fractory liver metastases from colorectal cancer. Radiat Oncol J 

2016;34:34-44.

2. Childs SK, Kozak KR, Friedmann AM, et al. Proton radiotherapy for 

parameningeal rhabdomyosarcoma: clinical outcomes and late ef-

fects. Int J Radiat Oncol Biol Phys. 2011 Mar 4 [Epub]. http://dx.doi.

org/10.1016/j.ijrobp.2010.11.048.

Book:
3. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB, McKenna WG. 

Abeloff’s clinical oncology. 4th ed. Philadelphia, PA: Churchill Living-

stone; 2008.

4. Jain RK, Kozak KR. Molecular pathophysiology of tumors. In: Halper-

in EC, Perez CA, Brady LW, editors. Perez and Brady’s principles and 

practice of radiation oncology. 5th ed. Philadelphia, PA: Lippincott 

Williams & Wilkins; 2008. p. 126-41.

Conference paper:
5. Medin PM, Foster RD, von der Kogel, Sayre J, Solberg TD. Spinal cord 

tolerance to reirradiation with radiosurgery: a swine model. In: 52th 

ASTRO Annual Meeting; 2010 Oct 31 - Nov 11; San Diego, CA, USA. 

Farifax, VA: ASTRO; 2010.

Online sources:
6. American Cancer Society. Cancer facts & figures [Internet]. Atlanta, 

GA: American Cancer Society; c2011 [cited 2011 Feb 20]. Available 

from: http://www.cancer.org/Research/CancerFactsFigures/index.

7. National Cancer Information Center. Cancer incidence [Internet]. 

Goyang (KR): National Cancer Information Center; c2011 [cited 2011 

Oct 20]. Available from: http://www.cancer.go.kr/cms/statics.

6) Tables
Each table should be typed in the separate sheet. The title of the table 

should be on top-placed, and the first letter of all words (except arti-

cles, conjunctions, prepositions) should be capitalized. Tables are num-

bered in order of citation in the text. Lower case letters in superscripts 
a), b), c) ... should be used for special remarks. Within a table, if a 

non-standard abbreviation is used or description may be necessary, 

then list them under annotation below. The statistical significance of 

observed differences in the data should be indicated by the appropri-

ate statistical analysis.

7) Figures
Upload each figure as a separate image file. The figure images should 
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be provided in PowerPoint file, TIFF, JPEG, GIF, or EPS format with high 

resolution (preferably 300 dpi for figures and 600 dpi for line art and 

graph). The figures should be sized to column width (8.5 cm or 17.5 

cm). If figures are not original, the author must contact each publisher 

to request permission, and this should be remarked on the footnote of 

the figure. Figures should be numbered, using Arabic numerals, in the 

order in which they are cited. All figures should be cited in the text 

(e.g., Fig. 1, Fig. 1A-C, Figs. 1 and 2). In the case of multiple prints bear-

ing the same number, use capital letters after the numerals to indicate 

the correct order (e.g., Fig. 1A, Fig. 1B). A figure legend should be in 

English and a one-sentence description rather than a phrase or a para-

graph. Capitalize the first letter of the first word. A legend for each 

light microscopic photograph should include the name of stain and 

magnification. Electron microscopic photographs should have an in-

ternal scale marker.

REVIEWS
Reviews should be comprehensive analyses of specific topics. They are 

organized as follows: title page, abstract and keywords, introduction, 

body text, conclusion, conflicts of interest, acknowledgments (if neces-

sary), references, tables, and figure legends. Upload each figure as a 

separate image file. There should be an unstructured abstract equal to 

or less than 200 words. References should be obviously related to doc-

uments and should not exceed 50.

CASE REPORTS
Case reports will be published only in exceptional circumstances, when 

they illustrate a rare occurrence of clinical importance. The manuscript 

for a case report should be organized in the following sequence: title 

page, abstract and keywords, introduction, case report(s), discussion, 

conflicts of interest, acknowledgments (if necessary), references, tables, 

and figure legends. Upload each figure as a separate image file. The ab-

stract should be unstructured, and its length should not exceed 150 

words. References should be obviously related to documents and 

should not exceed 20. It is not necessary to use the word “introduction.”

EDITORIAL
Editorials should be commentaries on articles published recently in the 

journal. Editorial topics could include active areas of research, fresh in-

sights, and debates. Editorials should be no more than four to five 

pages in length, including references, tables, and figures.

LETTERS TO THE EDITOR
Letters to the Editor should include brief constructive comments that 

concern previously published papers. Letters to the Editor should be no 

more than two pages. It should have maximum five references, 1 table, 

and 1 figure. Letters could be edited by the Editorial Board. Responses 

by the author of the subject paper may be provided in the same issue 

or next issue of the Journal

5. COMMUNICATIONS TO THE PUBLISHER

We invite inquiries to the editorial office at any time during the edito-

rial process. For all matters concerning presubmission, editorial poli-

cies, procedures, business inquiries, subscription information, orders, or 

changes of address, please contact the editorial office.

Editorial Committee Office

Department of Radiation Oncology, Seoul National University Hospi-

tal,Hamchun Hall, 6F, 95 Daehak-ro, Jongno-gu, Seoul 03082, Republic 

of Korea

Tel : +82-2-743-6574

E-mail: rojeditor@gmail.com ,roj@kosro.or.kr

6. ADDITIONAL INFORMATION

(1) Copyright
All published papers become the permanent property of The Korean 

Society for Radiation Oncology. Upon acceptance of the manuscript, 

the authors will be required to sign a statement confirming that the 

manuscript contains no material the publication of which violates any 

copyright or other personal or proprietary right of any person or entity.

(2) Page Proofs
Corresponding authors are provided with page proofs and are asked to 

carefully review them for data and typesetting errors. When proofs are 

available, the corresponding author will receive a notification. Correc-

tions to proofs must be returned via e-mail within 48 hours. Publication 

may be delayed if proofs are not returned by the publisher’s deadline.

(3) Charges
There are no charges for submission and publication.

NOTICE: These recently revised instructions for authors will be applied 

beginning with the June 2022 issue.
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Research and 
Publication Ethics

For the research and publication ethics policies not stated on this site, 

Good Publication Practice Guidelines for Medical Journals or Guide-

lines on Good Publication can be applied.

1. Journal policies on authorship and 
contributorship

1) Authorship
Authorship credit should be based on 1) substantial contributions to 

conception and design, acquisition of data, or analysis and interpreta-

tion of data; 2) drafting the article or revising it critically for import-

ant intellectual content; 3) final approval of the version to be pub-

lished; and 4) agreeing to be accountable for all aspects of the work 

in ensuring that the questions related to the accuracy or integrity of 

any part of the work are appropriately investigated and resolved. Au-

thors should meet these four conditions.

For any persons who do not meet the above four criteria, they may 

be placed as contributors in the Acknowledgments section. Descrip-

tion of co-first authors or co-corresponding authors is also accepted 

if the corresponding author believes that their roles are equally con-

tributed.

After the initial submission of a manuscript, any changes in author-

ship must be explained by a letter to the Editor-in-Chief from the au-

thors concerned. This letter must be signed by all authors of the paper. 

Copyright transfer and conflict of interest disclosure forms must be 

completed by every author. ROJ does not correct authorship after 

publication unless a mistake has been made by the editorial staff.

2) Originality and Duplicate Publication
All submitted manuscripts should be original and should not be con-

sidered by other scientific journals for publication at the same time. 

Any part of the accepted manuscript should not be duplicated in any 

other scientific journal without the permission of the editorial board. 

Submitted manuscripts are screened for possible duplicate publication 

by Similarity Check upon arrival. If duplicate publication related to the 

papers of this journal is detected, the authors will be announced in 

the journal, and their institutes will be informed, and there will also 

be penalties for the authors.

3) Secondary Publication
It is possible to republish manuscripts if the manuscripts satisfy the 

conditions of secondary publication of the Uniform Requirements for 

Manuscripts Submitted to Biomedical Journals. ROJ maintains a ze-

ro-tolerance policy when addressing allegations of plagiarism, dupli-

cate publication (self-publication), data falsification, and scientific 

misconduct. Articles will be retracted if ethics violations are substan-

tiated. Plagiarism is defined by the World Association for Medical Edi-

tors (WAME) as the “use of others’ published and unpublished ideas or 

words (or other intellectual property) without attribution or permis-

sion and presenting them as new and original rather than derived 

from an existing source.” ROJ participates in the Crosscheck/iThenti-

cate program to investigate incidents of possible plagiarism. Manipu-

lating data through fabrication, omission, or intentional distortion is 

unacceptable. Authors should be prepared to provide original data to 

editors if there is a question of authenticity. Claims of scientific mis-

conduct are investigated and addressed, guided by the Committee of 

Publication Ethics (COPE) Code of Conduct.

2. Statement of Informed Consent

Authors should have obtained written informed consent from all par-

ticipants prior to inclusion in the study, and copies of written in-

formed consent should be kept for studies on human subjects. For 

clinical studies of human subjects, a certificate, agreement, or approv-

al by the Institutional Review Board (IRB) of the author’s institution is 

required. If necessary, the editor or reviewers may request copies of 

these documents to resolve questions about IRB approval and study 

conduct.

The statement should be included in the Materials and Methods 

section after the IRB approval. Identifying details of the participants 

should not be published in written descriptions and photographs. In 

cases where identifying details are essential for scientific purposes, 

the participant should have given written informed consent for the 

identifying information to be published, and it should be stated sepa-

rately.

Waiver of the informed consent can only be granted by the appro-

priate IRB and/or national research ethics committee in compliance 

with the current laws of the country in which the study was per-

formed, and this should be separately stated. It should be noted that 

manuscripts that do not contain statements on IRB approval and pa-

tient informed consent can be returned to the authors before the re-

view process.
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3. Statement of Human and Animal Rights

All studies on human subjects must be conducted according to the 

principles expressed in the World Medical Association Declaration of 

Helsinki. Clinical studies that do not meet the Helsinki Declaration 

will not be considered for publication. The name or initials of the pa-

tient should not be displayed, and the patient’s identity should not be 

known when submitting photographs related to the patient. If there 

is a possibility that the patient’s identity may be exposed, it should be 

stated that the patient has given written consent.

All studies involving animals must state that the guidelines for the 

use and care of laboratory animals of the authors’ institution, or any 

national law, were followed.

All studies dealing with clinical trials should be registered on the 

primary national clinical trial registration site, such as Korea Clinical 

Research Information Service (CRiS, http://cris.nih.go.kr), other prima-

ry national registry sites accredited by World Health Organization or 

ClinicalTrials.gov (http://clinicaltrials.gov), a service of the US National 

Institutes of Health.

4. How the journal will handle complaints and 
appeals

When the Journal faces suspected cases of research and publication 

misconduct such as a redundant (duplicate) publication, plagiarism, 

fabricated data, changes in authorship, undisclosed conflicts of inter-

est, an ethical problem discovered with the submitted manuscript, a 

reviewer who has appropriated an author’s idea or data, complaints 

against editors, and other issues, the resolving process will follow the 

flowchart provided by the Committee on Publication Ethics (http://

publicationethics.org/resources/flowcharts). The Editorial Board of 

ROJ will discuss the suspected cases and reach a decision. ROJ will 

not hesitate to publish errata, corrigenda, clarifications, retractions, 

and apologies when needed.

5. Journal policies on conflicts of interest/
competing interests

Conflict of interest exists when an author or the author’s institution, 

reviewer, or editor has financial or personal relationships that inap-

propriately influence or bias his or her actions. Such relationships are 

also known as dual commitments, competing interests, or competing 

loyalties. These relationships vary from being negligible to having 

great a potential for influencing judgment. Not all relationships rep-

resent true conflict of interest. On the other hand, the potential for 

conflict of interest can exist regardless of whether an individual be-

lieves that the relationship affects his or her scientific judgment. Fi-

nancial relationships such as employment, consultancies, stock own-

ership, honoraria, and paid expert testimony are the most easily iden-

tifiable conflicts of interest and the most likely to undermine the 

credibility of the journal, the authors, or of the science itself. Conflicts 

can occur for other reasons as well, such as personal relationships, 

academic competition, and intellectual passion (http://www.icmje.

org/conflicts-of-interest/). If there are any conflicts of interest, au-

thors should disclose them in the manuscript. The conflicts of interest 

may occur during the research process as well; however, it is import-

ant to provide disclosure. If there is a disclosure, editors, reviewers, 

and reader can approach the manuscript after understanding the sit-

uation and background for the completed research. The correspond-

ing author must inform the editor of any potential conflicts of inter-

est that could influence the authors’ interpretation of the data.

6. Journal policies on data sharing and 
reproducibility

1) Open data policy
For clarification on result accuracy and reproducibility of the results, 

raw data or analysis data will be deposited to a public repository after 

acceptance of the manuscript. Therefore, submission of the raw data 

or analysis data is mandatory. If the data is already a public one, its 

URL site or sources should be disclosed. If data cannot be publicized, 

it can be negotiated with the editor. If there are any inquiries on de-

positing data or waiver of data sharing, authors should contact the 

editorial office.

2) Clinical data sharing policy
This journal follows the data sharing policy described in “Data Sharing 

Statements for Clinical Trials: A Requirement of the International 

Committee of Medical Journal Editors” (https://doi.org/10.3346/jkms. 

2017.32.7.1051). As of July 1, 2018, manuscripts submitted to ICMJE 

journals that report the results of interventional clinical trials must 

contain a data sharing statement as described below. Clinical trials 

that begin enrolling participants on or after January 1, 2019, must in-

clude a data sharing plan in the trial’s registration. The ICMJE’s policy 

regarding trial registration is explained at http://www.icmje.org/rec-

ommendations/browse/publishing-and-editorial-issues/clinical-tri-

al-registration.html. If the data sharing plan changes after registra-

tion, this should be reflected in the statement submitted and pub-

lished with the manuscript and updated in the registry record. All the 

authors of research articles that deal with interventional clinical trials 

must submit data sharing plan. Based on the degree of sharing plan, 

authors should deposit their data after deidentification and report the 

DOI of the data and the registered site.
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7. Journal’s policy on ethical oversight

When the Journal faces suspected cases of research and publication 

misconduct such as a redundant (duplicate) publication, plagiarism, 

fabricated data, changes in authorship, undisclosed conflicts of inter-

est, an ethical problem discovered with the submitted manuscript, a 

reviewer who has appropriated an author’s idea or data, complaints 

against editors, and other issues, the resolving process will follow the 

flowchart provided by the Committee on Publication Ethics (http://

publicationethics.org/resources/flowcharts). The Editorial Board will 

discuss the suspected cases and reach a decision. We will not hesitate 

to publish errata, corrigenda, clarifications, retractions, and apologies 

when needed.

The Research Ethics Committee of the Korean Society for Radiation 

Oncology covers ethical issues involved with research and publication. 

This committee is composed of one chairperson and the members of 

the committee. The director of the ethics committee acts as the 

chairperson of this committee. The members of the Research Ethics 

Committee include the vice president, the auditor, the directors of 

general affairs, research, and publication committees, and two direc-

tors without a portfolio of the society become ex officio. The mem-

bers of this committee serve for a term of two years, and they may be 

reappointed.

If presented with convincing evidence of dual publication, frag-

mentation, plagiarism, fabrication, or theft of intellectual property in 

journals, the committee meeting will be held immediately for investi-

gation. If evidence becomes available that the regulation has been 

breached, publication of the corresponding manuscript is immediately 

canceled and all authors, including the corresponding author, are 

banned from any publication in the ROJ published for the next three 

years. The investigation results of the committee meeting must be 

notified for immediate disciplinary measures and reported to the 

board of directors. Other issues that are not specified in this regula-

tion abide by the decisions made by board members of the society, 

which conform with the Ethics Code of Science Technology set forth 

by the Korean Federation of Science Technology Societies.

8. Journal’s policy on intellectual property

All published papers become the permanent property of the Korean 

Society for Radiation Oncology. Copyrights of all published materials 

are owned by the Korean Society for Radiation Oncology.

9. Journal’s options for post-publication 
discussions and corrections

The post-publication discussion is available through a letter to the 

editor. If any readers have a concern on any articles published, they 

can submit a letter to the editor on the articles. If there founds any 

errors or mistakes in the article, it can be corrected through errata, 

corrigenda, or retraction.

10. Journal’s policy on preprint

A preprint can be defined as a version of a scholarly paper that pre-

cedes formal peer review and publication in a peer-reviewed scholarly 

journal. ROJ allows authors to submit the preprint to the journal. It is 

not treated as duplicate submission or duplicate publication. ROJ rec-

ommends authors to disclose it with DOI in the letter to the editor 

during the submission process. Otherwise, it may be screened from 

the plagiarism check program — Similarity Check (Crosscheck). Pre-

print submission will be processed through the same peer-review 

process as a usual submission. If the preprint is accepted for publica-

tion, authors are recommended to update the information at the pre-

print with a link to the published article in ROJ, including DOI at ROJ. 

It is strongly recommended that authors cite the article in ROJ in-

stead of the preprint at their next submission to journals.
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※ 이 제품은 ‘의료기기’이며, ‘사용상의 주의사항’과 ‘사용방법’을 잘 읽고 사용하십시오.

점착성투명창상피복재, 화상, 건조 피부 등 피부장벽이

파괴된 부위에 보호를 위해 사용하는 창상피복재

한국의료기기

안정정보원

2등급 인증
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THE SKIN BARRIER

(주)시지바이오   서울시 용산구 이태원로 211 한남빌딩 3층  |  T. 02-550-8300  |  www.cgbio.co.kr

*건조함과 가려움증 개선
  Ref. 한국보건산업진흥원 주관 2018 국산 의료기기 사용자 테스트 

  (서울대학교병원, 분당서울대학교병원 임상시험 결과보고서)
   연구목적 : 이지듀MD의 유효성 및 안전성 평가 연구 



보건의료전문가용

임핀지TM는 PACIFIC 연구에서 

5년 전체생존율(OS rate) 42.9%로, 

장기적인 생존개선 이점을 나타냈습니다.2

Reference 1. Botticella A, et al. Durvalumab for stage III non-small-cell lung cancer patients: clinical evidence and real-world experience. Ther Adv Respir Dis. 2019 Jan-Dec;13:1753466619885530; 2. Spigel DR, et al. Five-Year Survival Outcomes From the PACIFIC 
Trial: Durvalumab After Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. J Clin Oncol. 2022 Feb 2. doi: 10.1200/JCO.21.01308; 3. 건강보험심사평가원 공고 제2020-81호(시행일: 2020년 4월 1일); 4. 건강보험심사평가원. 암질환 사용약제 및 요법: FAQ - 
‘Durvalumab (품명: 임핀지주)’ 급여기준(공고) 관련 질의 응답[Accessed 20 Feb 2022]. Available from: https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030023080000&brdScnBltNo=4&brdBltNo=45645&pageIndex=1

STUDY DESIGN The PACIFIC study design, eligibility criteria and assessments have been fully described previously. Eligible patients had histologically and/or cytologically documented Stage III, unresectable NSCLC, with a WHO performance score of 0 or 
1. Patients had to have received at least two cycles of platinum-based chemotherapy concurrently with definitive radiation therapy without progression, and the last radiation dose was 1–42 days before randomization. Tumor tissue collection was not a 
prerequisite for inclusion in PACIFIC and enrollment was notrestricted to any threshold levels for PD-L1 expression. Patients were randomized 2:1 to durvalumab 10 mg/kg intravenously or placebo every two weeks for up to 12 months or until confirmed 
disease progression, initiation of alternative cancer therapy, unacceptable toxicity, or consent withdrawal. Randomization was stratified by age of the patient (<65 years vs ≥65 years), sex, and smoking history (current or former vs never smoked). The 
primary end points were progression free survival (as assessed by blinded independent central review) and overall survival. 
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NSCLC, nonsmall-cell lung cancer; cCRT, concurrent chemoradiation therapy; OS, overall survival; ITT, intent-to-treat; HR, hazard ratio; CI, confidence interval; PD-L1, programmed cell death-ligand 1; PD-1, programmed cell death protein-1.
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MEDIAN OS 47.5 months
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UPDATED 5-YEARS OVERALL SURVIVAL IN THE ITT POPULATION

THE STANDARD OF 
CARE1 FOR STAGE III 
UNRESECTABLE NSCLC

PRESCRIBING INFORMATION

 임핀지(durvalumab) 보험 적용 적응증3,4

급여 인정 기간 최대 12개월 cCRT 치료 종료(마지막 방사선 요법 

기준) 이후 42일 이내 투여할 경우

유도화학요법과 동시적 항암화학방사

선요법의 항암요법 종류가 동일할 경우

방사선 요법은 54 Gy 이상, 항암화학요법은 

weekly regimen 기준 4주기 이상 또는 3주기 

regimen 기준 2주기 이상 투여할 경우

PD-L1 발현 양성(발현 비율 ≧ 1%)이면서 백금 기반 동시적 항암화학 방사선요법 2주기 이상 투여 후 질병진행이 없는 안정병변 이상의 절제 불가능한 국소 진행성(stage III) 

비소세포폐암 환자로 cCRT 치료 종료 이후 42일 내에 투여하는 경우 ※ 이전 PD-1 inhibitor 등 면역관문억제제 치료를 받지 않은 경우에 한함

임핀지주 (더발루맙) [효능•효과] 국소 진행성 비소세포폐암: 백금 기반 동시적 항암화학방사선요법 이후 질병이 진행되지 않은 절제불가능한 국소 진행성 비소세포폐암 환자의 치료 소세포폐암: 확장 
병기 소세포폐암 환자의 1차 치료로서 에토포시드 및 카보플라틴 또는 시스플라틴과의 병용 요법 [용법•용량] 이 약은 1시간에 걸쳐 정맥 점적 주입한다. 국소 진행성 비소세포폐암: 권장 용량은 이 약 
10mg/kg을 2주 간격으로 투여하는 것이며, 질환이 진행되거나 허용 불가능한 독성 발생 전까지 투여한다.  소세포폐암: 권장 용량은 이 약 1500 mg을 화학요법과 병용하여 3주 간격으로 4주기 동안 
투여한 뒤, 이 약 1500 mg 단독요법을 4주 간격으로 투여하는 것이며, 질환이 진행되거나 허용 불가능한 독성 발생 전까지 투여한다. 체중 30 kg 이하의 환자는 체중에 따라 이 약 20 mg/kg을 
화학요법과 병용하여 3주 간격으로 4주기 동안 투여한 뒤, 이 약 20 mg/kg을 단독요법으로서 4주 간격으로 체중이 30 kg을 초과할 때까지 투여한다. 이 약을 화학요법과 병용할 때에는 에토포시드 및 
카보플라틴 또는 시스플라틴의 허가된 용법•용량 정보를 참조한다. 화학요법과 같은 날 투여하는 경우 이 약을 먼저 투여한다. 용법조절: 이 약의 용량 증가나 감소는 권장되지 않는다. 일반적으로 중증 
(3등급) 면역 매개 이상사례의 경우 이약의 투여를 보류한다. 생명을 위협하는 (4등급) 면역 매개 이상사례와, 전신 면역 억제 치료가 필요하거나 코르티코스테로이트 시작 12주 이내에 프레드니손 또는 
등가량 하루 10 mg 이하로 감량할 수 없는 중증 (3등급) 면역 매개 이상사례의 경우 이 약의 투여를 중단한다. 면역 매개 이상사례가 다음 표에 요약되어 있다. [이 약의 용법 조절 및 관리 권장 사항]

이상사례 중증도 (CTCAE v4.03a) 용법 조절 코르티코스테로이드 요법 및 그 외b

면역 매개 폐염증/
간질성 폐질환

2등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량3 또는 4등급 투여 중단 

면역 매개 간염 2등급이고, 알라닌 아미노전이효소 (ALT) 또는 아스파르트산 아미노전이
효소 (AST)가 정상상한치의 3~5배를 초과하거나 총 빌리루빈이 정상상
한치의 1.5~3배를 초과

투여 보류c 

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량

3등급이고, ALT 또는 AST가 정상상한치의 5배 초과, 8배 이하 또는 총 빌리
루빈이 정상상한치의 3배 초과, 5배 이하
3등급이고, ALT 또는 AST가 정상상한치의 8배를 초과 또는 총 빌리루빈이 
정상상한치의 5배를 초과

투여 중단 

다른 요인은 없으며, ALT 또는 AST가 정상상한치의 3배를 초과하고 총 빌리
루빈이 정상상한치의 2배를 초과하는 경우

면역 매개 대장염
또는 설사

2 또는 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량4등급 투여 중단 

면역 매개 내분비병:
갑상선 기능 항진증, 갑상선염

2~4등급 임상적으로 안정할 때
까지 투여 보류 대증적 관리 

면역 매개 내분비병: 갑상선 기능 저하증: 2~4등급 변경하지 않음 임상 지시대로 갑상선 호르몬 대체 개시
면역 매개 내분비병: 부신 기능 부전, 
뇌하수체염/뇌하수체 저하증

2~4등급 임상적으로 안정할 때
까지 투여 보류

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 
용량 감량 및 임상 지시대로 호르몬 대체 개시

면역 매개 내분비병: 제1형 당뇨병 2~4등급 변경하지 않음 임상 지시대로 인슐린 치료 개시 
면역 매개 신장염 2등급이고, 혈청 크레아티닌이 정상상한치 또는 기저치의 1.5~3배를 초과 투여 보류c 

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량3등급이고 혈청 크레아티닌이 기저치의 3배를 초과 또는 정상상한치의 3~6

배를 초과하거나, 4등급이고 혈청 크레아티닌이 정상상한치의 6배를 초과
투여 중단 

면역 매개 발진 또는
피부염 (유사 천포창 포함)

2등급으로 1주일 초과 또는 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량4등급 투여 중단 

면역 매개 심근염 2~4등급 투여 중단 2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량d

면역 매개 근육염/
다발근육염

2 또는 3등급 투여 보류c,e 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 4등급 투여 중단 

주입 관련 반응 1 또는 2등급 주입을 중단하거나 
느리게 주입 후속 주입 반응의 예방을 위해 사전 약물 치료를 고려할 수 있음

3 또는 4등급 투여 중단 -
중증 근육 무력증 2등급 투여 보류c

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 3 또는 4등급, 또는 호흡 부전이나 자율 신경 실조증의 징후가 

있는 모든 등급 
투여 중단 

기타 면역 매개 이상사례f 3등급 투여 보류c 1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작
한 후 용량 감량 4등급 투여 중단 

a 이상사례 표준 용어기준 (Common Te�minology C�ite�ia fo� Adve�se Events; CTCAE), 버전 4.03 b 1등급 이하로 개선되면, 코르티코스테로이드의 감량을 시작하여 최소 1개월 간 지속하여야 
한다. 악화되거나 개선이 없다면, 코르티코스테로이드의 용량 증가 및/또는 다른 전신 면역 억제제 사용을 고려한다. c 투여 보류 후, 1등급 이하로 개선되고 코르티코스테로이드 용량이 일일 10mg 
프레드니손 또는 등가량 이하로 감소되었을 경우, 12주 이내에서 이 약의 투여를 다시 시작할 수 있다. 3등급 이상사례 재발의 경우 이 약을 중단한다. d 코르티코스테로이드 투여에도 불구하고 2~3
일 이내에 개선이 없다면, 신속히 추가적인 면역억제 치료를 시작한다. 회복(0등급)되면, 코르티코스테로이드의 감량을 시작하고 최소 1개월 간 지속한다. e 이상사례가 30일 이내에 1등급 이하로 
회복되지 않거나 호흡기 기능부전의 징후가 있는 경우에는 이 약 투여를 중단한다. f 면역 혈소판 감소증, 뇌염 포함 의심되는 면역 매개 이상사례에 대해, 병인 확인 또는 대체 병인을 배제하기 위한 
적절한 평가가 수행되어야 한다. 비-면역 매개 이상사례에 대해, 2등급과 3등급 이상사례의 경우 1등급 이하가 될 때까지 이 약의 투여를 보류한다. 4등급 이상사례의 경우 이 약 투여를 중단한다 
(예외적으로 4등급 실험실 검사수치 이상의 경우, 수반된 임상 징후 및 임상적 판단에 근거하여 투여 중단을 결정한다). 이 약은 경등도 간장애 환자에서는 용량 조절이 권장되지 않으며, 중등도 
또는 중증 간장애 환자에서는 연구되지 않았다. 투여방법 투여 전 이 의약품의 희석에 대한 지시 사항은 사용상의 주의사항, ‘13. 취급상의 주의사항’을 참고한다. 멸균된 저 단백질 결합 0.2 또는 
0.22 마이크로미터 인라인 필터(in-line filte�)를 포함하는 정맥 주사 라인을 통해 1시간에 걸쳐 주사액을 정맥 내 투여한다. 같은 주입 라인으로 다른 약물을 동시 투여하지 않는다. 사용하고 남은 
약물이나 물품은 관련 규정에 따라 폐기되어야 한다. [사용상의 주의사항] 1.다음 환자에는 투여하지 말 것 이 약의 주성분 또는 첨가제에 과민증 병력이 있는 환자. 2.다음 환자에는 신중히 투여할 
것 자가면역질환 또는 자가면역질환 병력이 있는 환자 3.약물이상반응 1) 임상시험에서 보고된 이상사례 이상사례는 MedDRA의 기관계 분류에 따라 기재되었다. 각 기관계 분류에서, 이상사례는 
빈도가 높은 순으로 표기되었다. 각 빈도 군에서, 이상사례는 중증도가 높은 순으로 표기되었다. 또한, 각 이상사례의 해당 빈도 분류는 CIOMS III 협의에 따르며 다음과 같이 정의된다: 매우 흔하게 
(≥1/10); 흔하게 (≥1/100 ~ <1/10); 흔하지 않게 (≥1/1,000 ~ <1/100); 드물게 (≥1/10,000 ~ <1/1,000); 매우 드물게 (<1/10,000); 빈도 불명, 즉 이용 가능한 자료로부터 추정될 수 없음. 국소 
진행성 비소세포폐암 - PACIFIC 연구 PACIFIC 연구 (475명)에서 국소 진행성 절제 불가능한 비소세포폐암 환자로 이 연구 시작 전 1~42일 내에 2주기 이상의 항암화학방사선요법을 완료한 
환자들을 대상으로 이 약(10 mg/kg)의 안전성이 평가되었다. 이 환자 집단에서 가장 흔한 이상사례는 기침 (40.2%, 위약군 30.3%), 상부 호흡기 감염 (26.1%, 위약군 11.5%) 및 발진 (21.7%, 
위약군 12.0%)이었다. 3 또는 4등급 이상사례의 발생률은 이 약 투여군에서 12.8%, 위약군에서 9.8%이었다. 가장 흔한 3 또는 4등급 이상사례는 폐렴 (6.5%, 위약군 5.6%)이었다. 이 약 투여군의 
8.2% 및 위약군의 5.6%에서 이상사례로 인해 투약을 중단하였다. 이 약의 투약 중단으로 이어진 가장 흔한 이상사례는 폐염증 (4.8%)이었다. 중대한 이상사례는 이 약 투여군 12.8% 및 위약군 
11.1%의 환자에서 발생하였다. 가장 흔한 중대한 약물이상반응은 2% 이상의 환자에서 보고된 폐염증과 폐렴이었다. 치명적인 폐염증과 치명적인 폐렴은 이 약 투여군과 위약군 간에 유사하게 1% 
미만의 환자에서 보고되었다. 확장 병기 소세포폐암 - CASPIAN 연구 CASPIAN 연구에서 이전에 치료받지 않은 확장 병기 소세포폐암 환자에게 이 약과 에토포시드 및 카보플라틴 또는 
시스플라틴을 병용투여 했을 때의 안전성이 평가되었다 (265명). 이 약과 화학요법을 병용 시의 안전성 프로파일은 이 약 단독요법 및 화학요법의 알려진 프로파일과 일관되게 나타났다. 이 
임상연구에서 보고되지 않았더라도, 이 약 또는 화학요법 단독으로 발생한다고 알려진 이상사례는 병용요법 중에도 발생할 수 있다. [저장방법] 밀봉용기, 2-8℃에서 차광하여 보관 [포장단위] 
2.4 mL × 1 바이알 / 박스, 10 mL × 1 바이알 / 박스 ※ 만약 구입시 사용기한이 경과되었거나 변질, 변패 또는 오손된 제품인 경우에는 구입처를 통하여 교환하여 드리며, 공정거래위원회 고시 “
소비자분쟁해결기준” 에 의거 소비자의 정당한 피해는 보상하여 드립니다. 의약품 부작용 발생 시 한국의약품안전관리원에 피해구제를 신청하실 수 있습니다. 문헌개정연월일: 2022년 03월 04일 
수입(수입자): 한국아스트라제네카 서울시 강남구 영동대로517 아셈타워 21층, 전화 02-2188-0800 *보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다.   aIFZ20220310

전문의약품




