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Radiotherapy (RT) has been used for decades as one of the main treatment modalities for cancer pa-
tients. The therapeutic effect of RT has been primarily ascribed to DNA damage leading to tumor cell 
death. Besides direct tumoricidal effect, RT affects antitumor responses through immune-mediated 
mechanism, which provides a rationale for combining RT and immunotherapy for cancer treatment. 
Thus far, for the combined treatment with RT, numerous studies have focused on the immune check-
point inhibitors and have shown promising results. However, treatment resistance is still common, 
and one of the main resistance mechanisms is thought to be due to the immunosuppressive tumor 
microenvironment where myeloid-derived suppressor cells (MDSCs) play a crucial role. MDSCs are 
immature myeloid cells with a strong immunosuppressive activity. MDSC frequency is correlated with 
tumor progression, recurrence, negative clinical outcome, and reduced efficacy of immunotherapy. 
Therefore, increasing efforts to target MDSCs have been made to overcome the resistance in cancer 
treatments. In this review, we focus on the role of MDSCs in RT and highlight growing evidence for 
targeting MDSCs in combination with RT to improve cancer treatment. 

Keywords: Radiotherapy, Immune checkpoint inhibitors, Tumor microenvironment, Myeloid-derived 
suppressor cells

The emerging role of myeloid-derived suppressor cells in 
radiotherapy 
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Introduction 

Radiotherapy (RT) is a major treatment modality for cancer pa-

tients. It is applied for approximately 50% of all cancer patients as 

curative or palliative treatment. RT is often used in combination 

with surgery, chemotherapy, or targeted therapy. Ionizing radiation 

delivered by RT induces DNA damage [1], which leads to tumor 

cell death through senescence, apoptosis, and necrosis [2]. Histor-

ically, the direct killing of tumor cells is considered the major ef-

fect of RT. 

The ionizing radiation also affects lymphocytes (T cells, B cells, 

and natural killer [NK] cells), which are the most radiosensitive 

cells in the tumor microenvironment (TME) [3]. Moreover, systemic 

lymphopenia after localized RT has been observed in patients with 
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solid tumors, such as high-grade glioma, lung cancer, head and 

neck cancer, esophageal cancer, pancreatic cancer, and cervical 

cancer [4-6]. Therefore, RT traditionally has been considered to 

have a suppressive effect on the immune system. 

However, mounting evidence suggests that RT can augment im-

mune responses against tumors. Radiation-induced DNA damage 

results in cytosolic DNA accumulation in tumor cells, which in 

turn triggers type I interferon (IFN) production via cyclic GMP-

AMP synthase (cGAS)-stimulator of interferon genes (STING) 

pathway [7]. Type I IFNs activate dendritic cells (DCs), thereby pro-

moting T cell priming [8]. During cell death, danger-associated 

molecular patterns (DAMPs) are released, thereby activating DCs 

through Toll-like receptors [9]. After the phagocytosis of tumor 

cells, DCs present tumor antigens to T cells through major histo-
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compatibility complex (MHC) molecules, which results in the prim-

ing and activation of T cells in the draining lymph nodes [10]. Then, 

tumor-reactive T cells migrate not only to the irradiated tumor 

sites but also to the non-irradiated sites, leading to a systemic an-

titumor response (termed abscopal effect) [11]. RT also induces se-

cretion of inflammatory chemokines and cytokines that recruit im-

mune cells to the TME, promoting antitumor responses [12]. 

The antitumor effect of RT can be hampered by the activation 

of immunosuppressive pathways. Radiation-induced DNA damage 

activates ataxia telangiectasia mutated (ATM)/ataxia telangiecta-

sia and Rad3-related (ATR)/checkpoint kinase 1 (Chk1) pathway, 

which results in programmed death ligand-1 (PD-L1) upregulation 

via signal transducer and activator of transcription (STAT)/IFN reg-

ulatory factor (IRF) pathway [13]. Type I IFNs produced by DNA 

damage also activate STAT/IRF pathway, contributing to PD-L1 

upregulation [14]. The programmed death-1 (PD-1)/PD-L1 path-

way plays a key role in tumor immune escape [15]. Immune 

checkpoint inhibitors (ICIs) targeting PD-1/PD-L1 pathway protect 

T cells from anergy and apoptosis [16]. Thus, the combination of 

RT and ICIs could enhance antitumor responses more potently 

than either treatment alone. The combined effect of RT and ICIs 

have been evaluated and have shown promising results in preclin-

ical studies [17-20] and clinical trials [21-25]. Furthermore, ab-

scopal effects which seldom occur after RT alone have been in-

creasingly reported in patients treated with the combination of RT 

and immunotherapy [26]. 

ICIs provide durable antitumor responses in various types of 

cancer, but the beneficial outcomes are limited to a minority of 

patients. The therapeutic resistance of ICIs is associated with im-

munosuppressive TME where MDSCs play a role as key drivers of 

immunosuppression [27]. MDSCs suppress antitumor responses of 

T and NK cells and expand regulatory T cells (Treg), promoting 

cancer progression [27]. Importantly, MDSC frequency is negative-

ly correlated with therapeutic efficacy of existing anti-cancer 

therapies, including chemotherapy and RT as well as ICIs [28-31]. 

In addition, MDSCs are associated with the clinical stage, tumor 

burden, and overall survival [32]. Therefore, increasing efforts have 

been made for targeting MDSCs combined with various cancer 

therapies [32]. This review focuses on the role of MDSCs in RT and 

introduces the rationale for the combination strategies of RT and 

MDSC targeting to improve cancer treatment. 

Myeloid-Derived Suppressor Cells 

Myeloid cells are a highly heterogenous population derived from 

bone marrow. They include granulocytes (neutrophil, eosinophils, 

and basophils) and mononuclear cells (monocytes, macrophages, 

and DCs). The name MDSCs was first coined for myeloid cells with 

immunosuppressive function in 2007 [33]. These cells are pheno-

typically and morphologically similar to, but functionally distinct 

from neutrophils and monocytes. The original intent to introduce 

the name MDSCs was not to define a novel population of myeloid 

cells, but to unify different descriptions of these cells [34]. 

In the circulation under healthy conditions, the frequency of 

granulocytes and monocytes is maintained by the coordinated cy-

tokine expression, and MDSCs are almost absent. In pathological 

conditions such as cancer, infection, autoimmune disease, and 

graft versus host disease, MDSCs are generated as result of an al-

tered myelopoiesis [35]. Chronic inflammatory conditions such as 

cancer induce the production of a variety of inflammatory media-

tors including granulocyte colony-stimulating factor (G-CSF), 

macrophage colony-stimulating factor (M-CSF), granulocyte/mac-

rophage colony-stimulating factor (GM-CSF), interleukin (IL)-6, IL-

10, IL-1β, vascular endothelial growth factor (VEGF), transforming 

growth factor-β (TGF-β), tumor necrosis factor-α (TNF-α), CC 

chemokine ligand 2 (CCL2), CCL5, and prostaglandin E2 (PGE2) 

[36]. These inflammatory mediators change normal myelopoiesis 

and skew myeloid differentiation toward MDSCs [35] (Fig. 1). 

MDSCs are discriminated from other myeloid cells in which they 

possess potent immunosuppressive activity. Using a wide range of 

suppressive molecules, MDSCs suppress the functions of T and NK 

cells and promote the differentiation of Treg [32] (Fig. 1).  

One of the main immunosuppressive molecules is arginase 1 

(Arg1), which converts L-arginine into L-ornithine and urea. As a re-

sult of the enzymatic reaction, L-arginine is depleted from the TME. 

The lack of L-arginine causes downregulation of the T cell receptor 

(TCR) ζ-chain and G0/G1 phase cell cycle arrest in infiltrating T cells 

[37]. The induction of MDSCs in hepatitis C infection suppresses 

IFN-γ production of NK cells via L-arginine depletion [38]. 

MDSCs also overexpress indoleamine 2,3-dioxygenase (IDO), 

which correlates with increased infiltration of Treg in tumors and 

metastatic lymph nodes [39]. IDO converts L-tryptophan into 

N-formylkynurenine. The lack of tryptophan and production of ky-

nurenine result in down-regulation of TCR ζ-chain in CD8+ T cells. 

Additionally, kynurenine produced by IDO activity induces regula-

tory phenotype in naïve CD4+ T cells [40]. 

Another important factor produced by MDSCs is suppressive re-

active oxygen species (ROS). Different subsets of MDSCs employ 

different types of oxidative stress to regulate effector T cells. Poly-

morphonuclear (PMN)-MDSCs exert their function through NA-

DPH oxidase expression and ROS generation, while monocytic 

(M)-MDSCs express inducible nitric oxide synthase (iNOS) and 

generate nitric oxide (NO). High levels of ROS induce T cell apop-

tosis and TCR ζ-chain downregulation. Reacting with NO, ROS ni-
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trosylates the TCR, resulting in T cell anergy defined as a lack of 

responsiveness to antigen [41]. 

MDSCs secrete immunosuppressive cytokines such as TGF-β and 

IL-10 and reduce antitumor activity of effector T cells [36]. 

Furthermore, MDSCs exerts their immunosuppressive effects via 

upregulation of PD-L1. The binding of PD-L1 to PD-1 receptor on T 

cells leads to the anergic state in T cells [42]. 

In mice, MDSCs were first phenotypically identified by the ex-

pression of CD11b (a classical myeloid lineage marker) and Gr-1. 

The Gr-1 is a common marker of Ly6G and Ly6C molecules. MDSCs 

were initially defined as CD11b+Gr1+ cells, but this criterion is not 

sufficient to identify different subsets of MDSCs. According to the 

relative expression of Ly6G and Ly6C, MDSCs are classified into 

two subsets, PMN-MDSC (CD11b+Ly6G+Ly6Clo) and M-MDSC (CD-

11b+Ly6G-Ly6Chigh). Human MDSCs are generally identified based 

on the expression of the myeloid marker CD11b and low or absent 

HLA-DR. The equivalent to PMN-MDSC is further defined as 

CD14–CD15+, and M-MDSC is defined as CD14+CD15– [34]. 

However, theses phenotypic evaluations cannot discriminate 

PMN-MDSCs from neutrophil, and M-MDSCs from monocytes. 

Presently, there are no unique phenotypic marker for MDSCs. 

Therefore, an algorithm was proposed to identify cells as MDSCs. 

First, pathological conditions such as chronic inflammation and 

cancer should be associated with an expansion of cells with an 

MDSC phenotype. Then, isolated cells with MDSC phenotype must 

have immune suppressive activity [34]. 

MDSC Targeting for Cancer Treatments 

It is important to prevent T cell inhibition to boost the existing 

antitumor responses as proven by the immune checkpoint target-

ing, but it is also important to regulate the TME for effective can-

cer treatment. In recent years, the accumulation of MDSCs have 

been highlighted as a major contributing factor in the immuno-

suppressive TME. The efficacy of MDSC inhibition have been eval-

uated in numerous preclinical and clinical studies [32]. There exist 

different approaches to target MDSCs: inhibition of MDSC accu-

mulation, blocking of MDSC recruitment, and inhibition of MDSC 

function [32] (Table 1). Recently, MDSC inhibition in combination 

with immunotherapy have shown promising results in humans 

[43]. Clinical trials targeting MDSCs are summarized in Table 2. 

1. Inhibition of MDSC accumulation 
The frequency of MDSCs can be reduced by all-trans retinoic acid 

(ATRA), an active metabolite of vitamin A. ATRA has been success-

fully used in the treatment of acute promyelocytic leukemia where 

it terminally differentiates immature myeloid cells into mature 

myeloid cells, resulting in leukemic cell death [44]. This concept of 

differentiation therapy provides a rationale for the use of ATRA in 

reducing MDSC accumulation. ATRA induced the differentiation 

MDSCs into DCs and macrophages, and thereby improved T cell 

function in mouse and human samples [45,46]. The antitumor ef-

fects of ATRA have been extensively studied in numerous studies 

in the past decades, but MDSCs were not almost evaluated in 

these studies [47]. In some clinical studies, ATRA has been report-

ed to reduce the frequencies of circulating MDSCs [43,48,49]. 

ATRA treatment improved the immune response to cancer vaccine 

[48] and antigen-specific T-cell response [49]. 

Fig. 1. Schematic roles of myeloid-derived suppressor cells (MDSCs) 
during tumor progression. Tumor and immune cells release a variety 
of inflammatory mediators, leading to the altered myelopoiesis and 
the generation of MDSCs in the bone marrow. MDSCs are recruited 
to the tumor site by various cytokines and chemokines secreted in 
the tumor microenvironment (TME). Radiation is known to induce the 
expression of CSF1, SDF-1 and CCLs facilitating MDSC recruitment to 
the TME. MDSCs suppress antitumor immune responses of T and nat-
ural killer (NK) cells and expand regulatory T cells (Treg) via various 
mechanisms. CSF1, colony stimulating factor 1; SDF-1, stromal 
cell-derived factor-1; CCLs, CC chemokine ligands; HSC, hematopoi-
etic stem cell; IMC, immature myeloid cell.

3https://doi.org/10.3857/roj.2019.00640
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Table 2. Clinical trials targeting MDSCs in cancer patients from ClinicalTrials.gov

Trial number Title Conditions Interventions
NCT03214718 MDSCs and chronic myeloid leukemia Chronic myeloid leukemia Imatinib, nilotinib
NCT03302247 Depletion of MDSCs to enhance anti-PD-1 therapy Non-small lung cancer (stage IIIB) Nivolumab, gemcitabine
NCT04022616 MDSC function in breast cancer patients Breast cancer Specimen collection
NCT02868255 MDSC control by signal regulatory protein-alpha: 

investigation in hepatocellular carcinoma
Hepatocellular carcinoma Collection of human samples

NCT02916979 MDSCs and checkpoint immune regulators’ ex-
pression in allogeneic SCT using FluBuATG

Leukemia, lymphoma, multiple myeloma Fludarabine, busulfan, metho-
trexate, rabbit ATG

NCT02664883 MDSC clinical assay in finding kidney cancer Metastatic renal cell cancer, recurrent renal cell 
carcinoma, renal cell cancer (stage I, II, III)

-

NCT02669173 Capecitabine + bevacizumab in patients with re-
current glioblastoma

Glioblastoma Capecitabine, bevacizumab

NCT01803152 Dendritic cell vaccine with or without gemcitabine 
pretreatment for adults and children with sarco-
ma

Sarcoma, soft tissue sarcoma, bone sarcoma DC vaccine, gemcitabine, 
imiquimod

NCT03525925 Ibrutinib and nivolumab in treating participants 
with metastatic solid tumors

Metastatic malignant solid neoplasm Ibrutinib, nivolumab

NCT02637531 A dose-escalation study to evaluate the safety, 
tolerability, pharmacokinetics, and pharmacody-
namics of IPI-549

Advanced solid tumors, non-small cell lung 
cancer, melanoma, squamous cell cancer of 
the head and neck, triple negative breast can-
cer, adrenocortical carcinoma, mesothelioma, 
high-circulating MDSCs

IPI-549, nivolumab

NCT03161431 SX-682 treatment in subjects with metastatic 
melanoma concurrently treated with pembroli-
zumab

Melanoma (stage III), melanoma (stage IV) SX-682, pembrolizumab

NCT03848182 Analyzing childhood recall antigens in patients 
with pancreatic cancer

Pancreatic cancer Gemcitabine, TT vaccine 
booster

NCT03961698 Evaluation of IPI-549 combined with front-line 
treatments in patients with triple-negative 
breast cancer or renal cell carcinoma

Breast cancer, renal cell carcinoma IPI-549, atezolizumab, 
nab-paclitaxel, bevacizumab

NCT04105335 A study of MTL-CEBPA in combination with a 
PD-1 inhibitor in patients with advanced solid 
tumors

Solid tumor MTL-CEBPA, pembrolizumab

NCT02259231 RTA 408 capsules in patients with melanoma Melanoma, unresectable melanoma, metastatic 
melanoma

Omaveloxolone, ipilimumab, 
nivolumab

NCT03301636 A study of indoximod or placebo plus pembroli-
zumab or nivolumab for subjects with unresect-
able or metastatic melanoma

Melanoma Pembrolizumab, nivolumab, 
indoximod

MDSC, myeloid-derived suppressor cell; PD-1, programmed death-1; SCT, stem cell transplant; ATG, anti-thymocyte globulin; DC, dendritic cell; TT, 
tetanus toxoid.

Table 1. Strategies for MDSC targeting

Targeted process Known mechanism of action Agent
MDSC accumulation Induction of MDSC differentiation ATRA

Induction of MDSC apoptosis Inhibit DNA synthesis Gemcitabine, 5-fluorouracil
Inhibition of MDSC generation VEGFR and c-KIT inhibitor Sunitinib

MDSC recruitment CCR2 antagonist PF-04136309
CCR5 antagonist Maraviroc, vicriviroc
Inhibition of CXCR2 SX-682

MDSC function Inhibition of PDE-5 Sildenafil, tadalafil
Class I HDAC inhibitor Entinostat
IDO inhibitor Indoximod

MDSC, myeloid-derived suppressor cell; ATRA, all-trans retinoic acid; VEGFR, vascular endothelial growth factor receptor; CCL, CC chemokine ligand; 
CXCR2, CXC chemokine receptor 2; PDE-5, phosphodiesterase-5; HDAC, histone deacetylase; IDO, indoleamine 2,3-dioxygenase.
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Chemotherapeutic agents such as gemcitabine and 5-fluoro-

uracil have been shown to reduce the number of MDSCs and to 

enhance antitumor immunity in mouse tumor models [50,51]. 

These agents had no significant effect on the frequencies of T cells 

and NK cells [50,51]. Similar to the preclinical observations, gem-

citabine reduced MDSC frequency in the peripheral blood of pa-

tients with pancreatic cancer [52]. In a recent report, a liver X re-

ceptor (LXR) beta agonist, RGX-104 induced MDSC apoptosis in 

the periphery and TME, leading to enhanced T cell-mediated anti-

tumor immunity in various mouse tumor models [53]. 

Sunitinib is a tyrosine kinase inhibitor acting toward VEGF re-

ceptor (VEGFR), platelet-derived growth factor receptor (PDGFR), 

KIT and fetal liver tyrosine kinase receptor 3 (FLT3). It was ap-

proved for the treatment of patients with advanced renal cell car-

cinoma (RCC) and imatinib-resistant gastrointestinal stromal tu-

mor (GIST) in 2006 [54]. Since VEGF was implicated in the accu-

mulation of MDSCs, the effect of sunitinib on MDSCs was evalu-

ated [55]. The elevated levels of circulating MDSCs were decreased 

after sunitinib treatment in patients with RCC [56] and oligome-

tastases [28]. 

2. Blocking of MDSC recruitment 
MDSC recruitment to the tumor is essential process for their im-

munosuppressive function. This process is mediated by various 

chemokines secreted in the TME. MDSCs express chemokine re-

ceptor CCR2, CCR5, and CXCR2, which mobilize them to the blood 

and the tumor sites. 

CCR2 interacts with its ligands CCL2 and CCL5, which is re-

quired for the recruitment of M-MDSCs [57]. In a phase Ib clinical 

trial, a CCR2 antagonist (PF-04136309) was tested in combination 

with nab-paclitaxel plus gemcitabine in patients with pancreatic 

ductal adenocarcinoma. However, the results showed that PF-

04136309 did not improve the efficacy compared to nab-pacli-

taxel plus gemcitabine [58]. 

CCR5 interacts with its ligand CCL3, CCL4 and CCL5, and the 

CCR5-CCL5 axis is required for the mobilization of PMN-MDSCs. 

Targeting CCR5-CCL5 axis has been reported to block MDSC re-

cruitment and prevent tumor growth in preclinical studies [59,60]. 

Intriguingly, individual who carry CCR5 deletion mutation 

(CCR5Δ32) are physiologically normal, whereas tumor cells over-

express CCR5. With plausible rationale for CCR5 targeting, in-

creasing number of studies have focused on targeting CCR5 in 

combination with immunotherapy [61]. 

CXCR2 is also overexpressed in PMN-MDSCs and required for 

recruitment of these MDSCs to the TME. Recent studies have 

shown that targeting CXCR2 inhibits recruitment of PMN-MDSCs 

and enhances immunotherapy in preclinical studies [62,63]. 

3. Inhibition of MDSC function 
Phosphodiesterase-5 (PDE-5) inhibitors are widely used in the 

treatment of erectile dysfunction and pulmonary hypertension. It 

was reported that PDE5 inhibitors induced antitumor immune re-

sponses and substantially delayed tumor progression. PDE5 inhibi-

tor sildenafil downregulated Arg1 and iNOS expression, and inhib-

ited the suppressive function of MDSCs in mouse tumor models 

[64,65]. Recent clinical trials showed that PDE5 inhibitor tadalafil 

inhibited MDSC function and promoted antitumor immunity in 

patients with head and neck squamous cell carcinoma [66,67]. 

Histone deacetylase (HDAC) inhibitors have been reported to 

have potent immunomodulatory activity in mouse tumor models 

and cancer patients [68]. A class I HDAC inhibitor entinostat com-

bined with ICIs has been evaluated in mouse tumor models 

[69,70]. Entinostat reduced Arg1 and iNOS expression and inhibit-

ed the immunosuppressive function of MDSCs, resulting in en-

hanced responsiveness to ICIs [69,70]. 

As described above, IDO is a key enzyme required for immuno-

suppressive activity of MDSCs. IDO inhibition reversed tumor-as-

sociated immunosuppression and showed antitumor effect in 

mouse tumor models [71]. However, clinical trials with IDO-1 

monotherapy have not produced satisfactory results as observed 

in preclinical studies. Consequently, clinical trials have been rede-

signed to test IDO inhibitors in combination with other therapies, 

such as ICIs, chemotherapy, and radiotherapy [72]. 

MDSC Targeting for RT 

RT has two opposite effects on MDSCs, dependent on dose-frac-

tionation schemes and tumor models. Although it seems difficult 

to draw a consistent conclusion from recent studies, some pat-

terns emerge, that is, conventional fractionated radiotherapy 

(CFRT) increases MDSCs while ablative hypofractionated radio-

therapy (ABHRT) decreases MDSCs [73]. However, regardless of RT 

scheme, targeting of MDSCs has been shown to increase the anti-

tumor effect of RT in several studies. 

Radiation induced colony stimulating factor 1 (CSF1) expression 

through ABL1-dependent transcription. In response to CSF1, MD-

SCs were recruited to tumor sites and expanded systematically in 

the tumor, spleen, lymph nodes, and peripheral blood. CSF1/CSF1 

receptor (CSF1R) blockade inhibited MDSC infiltration and tumor 

growth after irradiation (3 Gy × 5). In accordance with mouse stud-

ies, serum CSF1 was elevated in prostate cancer patients after RT 

[74]. As mentioned above, several chemokines and their receptors 

promote MDSC recruitment into the TME. Stromal cell-derived 

factor-1 (SDF-1) is a chemokine up-regulated in tumor tissues af-

ter radiation [75,76]. SDF-1 receptor CXCR4 is expressed on im-
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munosuppressive cells including Treg and MDSCs, which are at-

tracted by SDF-1 produced within the tumor [77]. CXCR4 antago-

nist AMD3100 was shown to prevent tumor regrowth when com-

bined with radiation [75,76]. These studies suggest that CD-

11b+F4/80+ myeloid cells are associated with tumor regrowth af-

ter radiation. However, M-MDSCs also express F4/80 marker and 

distinct phenotypic markers for M-MDSCs were not used in these 

studies. Therefore, it cannot be ruled out that CD11b +F4/80+ my-

eloid cells may be attributed to M-MDSCs. Radiation-induced 

STING activation also contributes to MDSC infiltration. This acti-

vation caused tumor cells to produce type I IFN which, in turn in-

duced expression of CCL2, CCL7, and CCL12, chemoattractants for 

MDSCs. Chemokine receptor CCR2 knockout blocked MDSC accu-

mulation and enhanced tumor regression following radiation (20 

Gy) in MC38 and LLC tumor models. Treatment with anti-CCR2 

antibody also enhanced antitumor effects of radiation [78]. More 

recently, it was reported that radiation (12 Gy × 3) increased infil-

tration of MDSCs in tumors, which was suppressed by IDO1 inhib-

itor. Radiation combined with IDO1 inhibitor enhanced tumor 

growth inhibition in LLC tumor model [79]. 

On the other hand, several recent studies have shown that high-

dose irradiation decreases MDSC frequencies. A single high-dose 

irradiation (30 Gy) induced complete remissions, which was relat-

ed to an increased CD8+ T cell infiltration and a reduced MDSC 

infiltration into the TME in CT26 and MC38 tumor models [80]. In 

hepatocellular carcinoma (HCC) patients, the frequency of MDSCs 

after RT was significantly decreased and inversely correlated with 

overall survival. These results suggest that patients with a high 

frequency of MDSCs should be monitored closely and the inhibi-

tion of MDSCs may improve treatment outcomes after RT [31]. In 

mouse studies, ABHRT inhibited MDSC recruitment into tumors 

and significantly inhibited the tumor growth compared with CFRT. 

VEGF expression, which mediated MDSC recruitment, was rela-

tively lower after ABHRT than CFRT. VEGFR2 blocking antibody 

plus CFRT reduced infiltrating MDSCs in tumors and inhibited tu-

mor growth more efficiently than CFRT alone [81]. These results 

indicate that via blockade of MDSC recruitment, the therapeutic 

efficacy of ABHRT could be achieved and the effect of CFRT en-

hanced. As described above, receptor tyrosine kinase inhibitor 

sunitinib inhibited MDSC accumulation, and thereby restored an-

titumor immunity. Concurrent sunitinib and stereotactic body ra-

diotherapy (SBRT) reversed MDSC-mediated immunosuppression 

and resulted in favorable clinical outcomes in patients with oligo-

metastases [82]. 

When combined with ICI treatment, RT have shown improved 

efficacy in preclinical studies [17-20] and clinical trials [21-25]. In 

TUBO and MC38 tumor models, high levels of radiation (12 Gy for 

TUBO and 20 Gy for MC38) combined with PD-L1 blockade syner-

gistically amplified the antitumor effect, which was correlated with 

a reduction of MDSCs mediated by tumor infiltrating CD8+ T cells 

[17]. Similarly, in LLC tumor model, radiation (6 Gy in 3 fractions) 

and anti- PD-L1 antibody effectively inhibited tumor growth com-

pared to either therapy alone [19]. A recent clinical study evaluated 

whether SBRT could enhance the effect of ICI treatment in patients 

with advanced NSCLC. Interestingly, PD-L1-negative patients had 

the largest benefit of improved overall survival and progres-

sion-free survival in the combined treatment of RT [24]. These re-

sults suggest that RT may convert the immunosuppressive TME to 

a more ICI-responsive one. One more important finding is no in-

crease in treatment-related toxic effect. 

The therapeutic effect of anti-PD-L1 antibody was initially as-

sumed to result from blockade of PD-L1 expressed on the tumor 

cell itself. However, several recent studies highlighted the essential 

roles of PD-L1 expressed on host myeloid cells. These studies sug-

gest that PD-L1 on DCs, macrophages and MDSCs rather than tu-

mor cells is the relevant mechanistic target for PD-1/PD-L1 inhibi-

tors [83,84]. 

For the combined treatment with RT, numerous studies so far 

have focused on ICIs, which target PD-1/PD-L1 interactions. The 

available data provide evidence that the therapeutic efficacy of RT 

could be enhanced when combined with MDSC targeting therapy. 

Conclusion 

RT-mediated immune responses support both tumor immune rec-

ognition and tumor immune evasion. Thus, combining RT and im-

munotherapy can be a rational strategy to improve cancer treat-

ment. Numerous studies have shown promising results in the 

combination of RT and immunotherapy. However, translational re-

search behind this approach is still needed to maximize the thera-

peutic efficacy and increase the response rate in cancer patients. 

In the light of therapeutic resistance, recent studies highlight the 

immunosuppressive TME which promote tumor immune evasion. 

MDSCs are increasingly recognized as important contributors to 

immunosuppression in the TME and are also closely associated 

with resistance to RT. Therefore, MDSC targeting could be a suc-

cessful complementary strategy for RT, and also RT combined with 

other therapies. Further work is needed to identify specific markers 

for MDSCs, which would enable the development of methods to 

selectively target these cells. Improving specificity in targeting 

MDSCs could help to find the strategy to maximize the efficacy of 

antitumor therapies. 
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Purpose: Definitive radiotherapy remains a primary treatment option for early stage glottic cancer. 
Intensity-modulated radiation therapy (IMRT) has emerged as the standard treatment technique for 
advanced head and neck cancers, whereas three-dimensional conformal radiotherapy (3D-CRT) has 
remained standard for early glottic cancers. We used the National Cancer Database (NCDB) to identi-
fy predictors of IMRT use and effect on outcome in these patients. 
Materials and Methods: We queried the NCDB from 2004–2015 for squamous cell carcinoma of the 
glottic larynx staged Tis-T2N0 treated with radiation alone. Logistic regression was used to identify 
predictors of IMRT. Cox regression was used to identify factors predictive of overall survival. Propensi-
ty matching was conducted to account for indication bias. 
Results: We identified 15,627 patients, of which 11% received IMRT. IMRT use rose from 2% in 2004 
to 16% in 2015. Predictors of IMRT include: increased comorbidity, T2 stage, urban location, chemo-
therapy, treatment at an academic center, and later treatment year. Predictors of improved survival 
were female gender, higher income, lower stage, no chemotherapy, academic facility, and more re-
mote year. There was no difference in survival between 3D-CRT and IMRT across all stages. 
Conclusions: The rate of IMRT use for early stage glottic laryngeal cancer has increased over time. 
There was no difference in outcome in patients receiving IMRT versus 3D-CRT across the cohort. 

Keywords: IMRT, Laryngeal cancer, Radiation therapy

Intensity-modulated radiation therapy in early stage squamous 
cell carcinoma of the larynx: treatment trends and outcomes 
Rodney E. Wegner, Stephen Abel, John J. Bergin, Athanasios Colonias 

Division of Radiation Oncology, Allegheny Health Network Cancer Institute, Pittsburgh, PA, USA 

Introduction 

Early stage larynx cancer continues to affect up to 15,000 patients 

each year in the United States, with a resultant 3,000– 4,000 

deaths per year [1]. The main goal of treatment is larynx preserva-

tion, which can be achieved through several options including 

transoral laser stripping, partial laryngectomy, or definitive radia-

tion therapy [2-4]. The true vocal cords possess minimal lymphatic 

drainage, with very low rates of occult lymph node disease. As 

such, regardless of primary treatment the neck nodal areas are 

typically observed [5]. With that in mind three-dimensional con-

formal radiotherapy (3D-CRT) has been the standard of care, with 

doses recommended from 63–70 Gy using 2–2.25 Gy/day [6,7]. 

With the ability to reduce toxicity through avoidance of surround-
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ing critical organs, intensity-modulated radiation therapy (IMRT) 

has gained widespread popularity and is currently standard of care 

in more advanced head and neck malignancies [8]. The ability to 

avoid surrounding structures has been extrapolated to early stage 

glottic larynx cancers, with the use of IMRT to avoid the carotid 

artery and hopefully prevent stenosis [9,10]. Despite that data, 

IMRT is still typically used sparingly. We thus sought to use the 

National Cancer Database (NCDB) to determine predictors and 

trends in the use of IMRT in early glottic larynx cancer, and if 

there was any effect on outcome. 

Materials and Methods 

We queried the NCDB from 2004–2015 for patients with Tis-T2N0 
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squamous cell carcinoma (SCC) of the glottic larynx (the Interna-

tional Classification of Diseases for Oncology 3rd edition [ICD-O-3] 

code C32.0) that was managed without surgery, stripping, or abla-

tion (all coded for in the NCDB). For inclusion, patients must have 

received neck radiation at a definitive dose (defined as 60–75 Gy) 

and have at least 2 months of documented follow-up. Radiation 

technique is recorded in the NCDB and patients receiving either 

3D-CRT or IMRT were included. Fig. 1 is a CONSORT diagram out-

lining selection criteria. The data within the NCDB is maintained 

by Commission on Cancer of the American College of Surgeons. Of 

note, the NCDB datasets are completely de-identified and do not 

require Institutional Review Board approval for analysis. In addi-

tion, the Commission on Cancer of the American College of Sur-

geons have not verified and are not responsible for the analytic or 

statistical methodology employed, or the conclusions drawn from 

these data by the investigator. It is estimated that the NCDB cap-

tures approximately 70% of newly diagnosed malignancies each 

year from approximately 1,500 centers across the United States. 

The NCDB contains a wide range of clinicopathologic and socio-

economic data points. Race was characterized as Caucasian, Afri-

can American, or other. The widely accepted Charlson/Deyo Co-

morbidity Index was used for quantification of comorbid condi-

tions [11]. Stage within this particular dataset was defined ac-

cording to the 7th edition of the American Joint Committee on 

Cancer’s clinical group. Socioeconomic data is provided as quar-

tiles of the percentage of persons with less than a high school ed-

ucation and median household income based on zip code of resi-

dence. The facility type was assigned according to the Commission 

on Cancer accreditation category (community center, comprehen-

sive community cancer center, and academic/research program). 

Locations were assigned based on population data provided by the 

US Department of Agriculture Economic Research Service. Insur-

ance status is recorded in the dataset as it appears on the admis-

sion page and was separated into three categories: none, private, 

or governmental (Medicare and Medicaid). 

Data were analyzed using MedCalc version 18 (MedCalc, Os-

tend, Belgium). Summary statistics are presented for discrete vari-

ables. Chi-square tests compared sociodemographic, treatment, 

and tumor characteristics between the treatment groups. Multi-

variable logistic regression was used to identify predictors of IMRT 

use. Overall survival was calculated in months from time of diag-

nosis to date of last contact or death, as is standard within the 

NCDB. Of note, local control, distant failure, and toxicity are not 

recorded within the NCDB. Multivariable Cox regression was used 

to determine predictors of survival [12]. Multivariable logistic re-

gression was used to calculate a propensity score indicative of the 

probability of receiving IMRT [13]. This score was used to generate 

Fig. 1. CONSORT diagram showing selection criteria: radiotherapeu-
tic technique in treatment of early-stage squamous cell carcinoma of 
the glottis. EBRT, external beam radiation therapy; 3D-CRT, three-di-
mensional conformal radiotherapy; IMRT, intensity-modulated radia-
tion therapy.

a case control series matching pairs exactly on the propensity 

score, yielding 1,557 pairs. Kaplan-Meier curves were used on this 

propensity matched cohort to calculate cumulative probability of 

survival [14]. Log-rank statistics were used to test whether there 

was a statistically significant difference in the cumulative propor-

tions across groups.  

Squamous cell carcinoma (SCC) of the glottis
(n = 48,731)

Excluded (n = 9,303)
Stage T3-4
Stage N1-3

Stage M1

Excluded (n = 16,291)
No EBRT to Head and neck

radiation dose (59.4 Gy - 75.0 Gy)

Excluded (n = 1,662)
Follow-up < 2 month

Unknown follow-up

Excluded (n = 5,848)
Surgical resection

Early stage (Tis-T2 NO) SCC of the glottis
(n = 39,428)

Follow-up ≥ 2 months
(n = 21,475)

Non-operative management
(n = 15,627)

Arm 1
3D-CRT (n = 13,951)

Arm 1
IMRT (n = 1,676)

Patients receiving head and neck EBRT at doses 
of 59.4 Gy - 75 Gy

(n = 23,137)
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Characteristic No. (%)
Age (yr)
 ≤67 8,254 (53)
 >67 7,373 (47)
Chemotherapy
 No 14,913 (95)
 Yes 714 (5)
Comorbidity score
 0 12,467 (80)
 1 2,396 (15)
 ≥2 764 (5)
Distance from facility (mile)
 ≤11.5 9,416 (60)
 >11.5 6,211 (40)
Facility type
 Community cancer center 1,741 (11)
 Comprehensive community cancer center 7,176 (46)
 Academic/research program 6,555 (43)
Grade
 Well differentiated 2,836 (28)
 Moderately differentiated 6,196 (61)
 Poorly differentiated 1,172 (11)
Education (% without a high school diploma)
 ≥29 3,542 (23)
 20–28.9 4,405 (29)
 14–19.9 4,201 (27)
 <14 3,214 (21)
Median income by zip code (US dollar)
 <30,000 3,432 (22)

Fig. 2. Rate of IMRT use by year for early stage (Tis-T2N0) squamous 
cell carcinoma of the glottic larynx. Rates rose from 2% in 2004 to 
16% in 2015.

Characteristic No. (%)
 30,000–34,999 3,779 (25)
 35,000–45,999 3,607 (24)
 ≥46,000 4,512 (29)
Insurance
 None 510 (3)
 Private 5,560 (36)
 Government 9,249 (61)
Location
 Metropolitan 12,323 (81)
 Urban 2,559 (17)
 Rural 354 (2)
Race
 Caucasian 13,414 (86)
 African American 1,783 (11)
 Other 430 (3)
Gender
 Male 13,421 (86)
 Female 2,206 (14)
Stage
 Tis 1,876 (12)
 T1 10,068 (64)
 T2 3,683 (24)
Year group
 2004–2006 3,934 (25)
 2007–2009 3,896 (25)
 2010–2012 3,899 (25)
 2013–2015 3,897 (25)

Table 1. Patient baseline characteristics (n = 15,627)

Results 

We identified 15,627 patients meeting above eligibility criteria, of 

which 1,676 (11%) received IMRT. The median age was 67 years 

(range, 19 to 90 years) and the vast majority (95%) were treated 

without chemotherapy. Table 1 contains a full list of baseline pa-

tient characteristics. The median dose for all patients was 66 Gy 

(range, 63 to 68 Gy) in 33 fractions (range, 28 to 34 fractions). Of 

note, the median dose in the IMRT arm was 68 Gy, compared to 

66 Gy in the 3D-CRT arm (p <  0.001, independent t-test). The 

median time initiation of radiotherapy was 30 days (range, 22 to 

41 days) in the non-IMRT arm and 36 days (range, 27 to 49 days) 

in the IMRT group (p =  0.012, independent t-test). The rate of 

IMRT use increased over time, from 2% in 2004 to 16% in 2015 

(Fig. 2). Regarding hypofractionation (dose/fraction, >2.25 Gy per 

fraction), 42% of patients received a hypofractionated regimen in 

the entire cohort, whereas 51% received a conventionally frac-

20%

15%

10%

5%

0%
2004 2006 2008 2010 2012 20142005 2007 2009 2011 2013 2015

tionated (<2.25 Gy per fraction) regimen. In patients receiving 

IMRT, 29% received a hypofractionated regimen (p <  0.001, inde-

pendent t-test), with 47% receiving convention fractionation. 
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On multivariable logistic regression predictors of IMRT use were 

receipt of chemotherapy, higher comorbidity score, treatment at 

an academic facility, T2 stage, fraction dose ≤2.0 Gy, and more 

recent year of treatment (Table 2). On multivariable Cox regres-

sion, predictors of worse survival included: increased age, receipt 

of chemotherapy, higher comorbidity score, treatment at a com-

munity hospital, higher grade, lower income, male gender, higher T 

stage, and more remote year of treatment (Table 3). As described in 

the methods, a propensity score was generated based upon the re-

sults of multivariable logistic regression and included the following 

factors which were significant on logistic regression: age, chemo-

therapy, comorbidity score, facility type, location, T stage, and 

treatment year. Using propensity score there were 1,650 matches 

generated. Kaplan-Meier analysis on those 1,650 pairs revealed a 

Characteristic OR (95% CI)  p-value
Age (yr)
 ≤67 Reference
 >67 0.89 (0.78–1.01) 0.0636
Chemotherapy
 No Reference
 Yes 4.98 (4.17–5.96) <0.0001*
Comorbidity score
 0 Reference
 1 0.99 (0.85–1.14) 0.8738
 ≥2 1.28 (1.03–1.60) 0.0288*
Distance from facility (mile)
 ≤11.5 Reference
 >11.5 0.92 (0.81–1.04) 0.1650
Facility type
 Community cancer center Reference
 Comprehensive community cancer 

center
1.20 (1.00–1.45) 0.0564

 Academic/research program 1.35 (1.11–1.63) 0.0026*
Grade
 Well differentiated Reference
 Moderately differentiated 1.05 (0.90–1.23) 0.5281
 Poorly differentiated 1.24 (0.99–1.54) 0.0572
Education (% without a high school 

diploma)
 ≥29 Reference
 20–28.9 1.03 (0.88–1.20) 0.7366
 14–19.9 0.98 (0.81–1.17) 0.8012
 <14 0.92 (0.74–1.14) 0.4556
Median income by zip code (US dollar)
 <30,000 Reference
 30,000–34,999 0.99 (0.83–1.17) 0.8681

Characteristic OR (95% CI)  p-value
 35,000–45,999 0.98 (0.81–1.18) 0.7918
 ≥46,000 1.17 (0.95–1.44) 0.1376
Insurance
 None Reference
 Private 0.81 (0.62–1.06) 0.1278
 Government 0.82 (0.62–1.08) 0.1614
Location
 Metropolitan Reference
 Urban 1.21 (1.02–1.42) 0.0274*
 Rural 1.25 (0.87–1.80) 0.2266
Race
 Caucasian Reference
 African American 0.89 (0.74–1.06) 0.1800
 Other 1.08 (0.78–1.48) 0.6499
Gender
 Male Reference
 Female 1.12 (0.97–1.30) 0.1288
Stage
 Tis Reference
 T1 0.93 (0.77–1.13) 0.4665
 T2 2.12 (1.74–2.59) <0.0001*
Year group
 2004–2006 Reference
 2007–2009 3.25 (2.63–4.01) <0.0001*
 2010–2012 5.10 (4.16–6.25) <0.0001*
 2013–2015 5.94 (4.86–7.28) <0.0001*
Dose per fraction (Gy)
 ≤2.0 Reference
 >2.0 0.78 (0.70–0.88) <0.0001*

Table 2. Multivariable logistic regression for predictors of IMRT

IMRT, intensity-modulated radiation therapy; OR, odds ratio; CI, confidence interval.
*p < 0.05, statistical significance.

median overall survival of 99 months compared to 93 months for 

3D-CRT and IMRT, respectively (p = 0.50) (Fig. 3). When limited to 

T1 lesions there was no statistically significant difference in surviv-

al (Fig. 4A). When limited to T2 lesions (691 pairs), outcomes were 

again not significantly different: median survival of 76 months 

compared to 86 months (p = 0.25) (Fig. 4B). 

Discussion and Conclusion 

This study shows a steady increase in IMRT use for early stage SCC 

of the glottic larynx, from 2% to 16% by 2015. Not surprisingly, 

patients treated at academic facilities were more likely to be 

treated with IMRT, which makes sense as the majority of research 

on this topic stems from those centers [9,10]. In addition, the use 
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tially indicating other factors suggestive of more aggressive dis-

ease and extensive treatment. 

As mentioned above, the goal of radiation in early laryngeal 

cancer is ultimately organ preservation. Current NCCN guidelines 

recommend either 3D-CRT or IMRT with doses ranging from 63 Gy 

at 2.25 Gy per fraction to 66 Gy using 2 Gy per fraction [6]. To 

that end, randomized trial comparing 60 Gy in 2 Gy per fraction to 

63 Gy in 2.25 Gy per fraction was conducted by a group from Ja-

pan. The results of this trial reported a significant local control 

benefit of 92% versus 77% in favor of 2.25 Gy per fraction [7]. Of 

note, in that study all patients were essentially treated with 

3D-CRT consisting of 2 parallel opposed lateral fields encompass-

ing the larynx in its entirety. Historically, this has represented the 

standard treatment technique. In our study, 42% of patients re-

ceived a hypofractionated regimen, whereas 51% received a con-

ventionally fractionated (<2.25 Gy per fraction) regimen. In pa-

tients receiving IMRT, 29% received a hypofractionated regimen (p 

<  0.001, independent t-test), with 47% receiving a convention 

fractionated regimen. The less than expected use of hypofraction-

ated regimens is likely a reflection of clinical lag time in adopting 

the hypofractionated schedule since the Japanese study was not 

published until 2006. For example, 55% of patients receiving 

treatment after the year 2009 received the hypofractionated 

course. Comparatively, the group from the University of Florida 

Table 3. Cox regression for predictors of survival

Characteristic HR (95% CI) p-value
Age (yr)
 ≤67 Reference
 >67 1.85 (1.73–1.97) <0.0001
Chemotherapy
 No Reference
 Yes 1.46 (1.31–1.64) <0.0001
Comorbidity score
 0 Reference
 1 1.29 (1.20–1.38) <0.0001
 ≥2 1.96 (1.78–2.17) <0.0001
Facility type
 Community cancer center Reference
 Comprehensive community cancer 

center
1.02 (0.94–1.11) 0.6300

 Academic/research program 0.91 (0.86–0.96) 0.0008
Grade
 Well differentiated Reference
 Moderately differentiated 1.08 (1.02–1.14) 0.0060
 Poorly differentiated 1.24 (1.12–1.36) <0.0001
Income (US dollar)
 <30,000 Reference
 30,000–34,999 0.93 (0.86–1.00) 0.0658
 35,000–45,999 0.86 (0.80–0.93) 0.0001
 ≥46,000 0.83 (0.78–0.90) <0.0001
Insurance
 None Reference
 Private 0.76 (0.67–0.88) 0.0001
 Government 1.14 (0.99–1.30) 0.0657
Gender
 Male Reference
 Female 0.86 (0.80–0.93) 0.0002
Stage
 Tis Reference
 T1 1.04 (0.95–1.13) 0.3816
 T2 1.45 (1.36–1.54) <0.0001
Year group
 2004–2006 Reference
 2007–2009 1.01 (0.94–1.08) 0.8705
 2010–2012 1.04 (0.97–1.12) 0.2942
 2013–2015 1.11 (1.02–1.21) 0.0137

HR, hazard ratio; CI, confidence interval.

Fig. 3. Propensity matched Kaplan-Meier curve comparing overall 
survival of three-dimensional conformal radiotherapy (3D-CRT) and 
intensity-modulated radiation therapy (IMRT). The median survival 
was 99 months for 3D-CRT and 93 months for IMRT (p = 0.50).

of chemotherapy (although that cohort was small) also predicted 

for IMRT use, perhaps indicating some other high risk features or 

need to electively treat nodal volumes (bulky tumors or impaired 

cord mobility); data which is unfortunately not included in the 

NCDB. In addition, patients treated with IMRT had a higher radia-

tion dose compared to those treated with 3D-CRT, again poten-
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Fig. 4. (A) Overall survival for T1 lesions only. The median survival was 99 months for 3D-CRT and 104 months for IMRT (p = 0.85). (B) Overall 
survival for T2 lesions only. The median survival was 96 months compared to 86 months for 3D-CRT and IMRT, respectively (p = 0.25). 3D-CRT, 
three-dimensional conformal radiotherapy; IMRT, intensity-modulated radiation therapy.

presented long-term follow-up of close to 600 patients treated in 

such a manner, showing local control ranging from 70% to 94% 

depending on T stage [15]. 

The technique of IMRT was developed and implemented to pro-

vide a highly conformal dose of radiation, and spare surrounding 

organs with the goal of reducing toxicity. In the head and neck re-

gion this took the form of sparing major salivary glands to lower 

the rate of long-term xerostomia [16]. These results and the con-

cept of organ sparing were then extrapolated to early stage carci-

noma of the glottic larynx, with the thought of carving dose off of 

the carotid arteries to prevent development of stenosis and long-

term cerebrovascular morbidity [17]. The group from Florida 

showed that this was a feasible accomplishment by running sam-

ple plans on 5 test cases, showing mean doses of 4 Gy to the ca-

rotid artery with IMRT compared to doses as high as 39 Gy using 

opposed lateral treatment [9]. Additionally, the group from Me-

morial Sloan Kettering reported on their outcomes comparing 

3D-CRT to IMRT, with 48 of 330 patients being treated with the 

more advanced technique [10]. In this series, the target remained 

the entire anatomic larynx. Again, there was no difference in 

3-year local control rates, both approximating 90%. To further 

capitalize on the conformality of IMRT, some institutions have 

even treated the involved vocal cord only (in T1a patients) [18]. 

That particular study was completed in the Netherlands and used 

a unique dose of 3.63 Gy ×  16 fractions to the involved cord in its 

entirety plus 3–4 mm of margin to generate the final target. At 2 

years, local control was 100% and there was no serious toxicity. 

Of note, our series did not show any difference in survival across 

the entire cohort which is expected considering laryngectomy is a 

highly effective form of salvage at time of local failure. It should 

also be mentioned that IMRT planning is more involved and re-

quires more extensive quality assurance, as indicated by the longer 

time to initiation of treatment seen here in our analysis. As allud-

ed to above, the highly conformal nature of IMRT would spare 

dose to surrounding areas, including lymphatics which would oth-

erwise receive close to full dose with 3D-CRT. In theory, patients 

treated with IMRT could have a higher risk of failure in the neck, 

leading to the results presented here (although neck failure rates 

were low in the studies discussed above). Interestingly, our study 

also showed use of chemotherapy to be indicative of poorer out-

come, with no clear indication. Perhaps patients had other factors 

not captured within the NCDB (bulky tumors, subclinical lymph-

adenopathy, etc.) leading physicians to include chemotherapy as 

part of their treatment regimen and thus influencing outcome. 

Similarly, patients treated in more recent years had worse overall 

survival, again with no clear explanation. This finding is likely an 

outlier and merely coincidental. 

Our study is not without limitations. As is the case with most 

NCDB analyses, it is retrospective in nature and can result in a 

significant selection bias. Also, toxicity is not recorded within the 

NCDB, which is a detriment as the main goal of IMRT is to reduce 

toxicity by decreasing dose to surrounding normal structures. Lo-
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cal failure is also not recorded, nor is any type of salvage therapy, 

which would be important in this setting as rates of salvage laryn-

gectomy would be a key finding. 

In conclusion, the rate of IMRT use in early SCC of the glottic 

larynx has steadily risen over time, although it is still used in a mi-

nority of cases. There was no difference in overall survival in this 

series, with the exception of T2 patients. 
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Introduction 

Cervical lymph node in metastasis of unknown primary origin in 

head and neck region (HNMUO) is a heterogeneous group of ma-

lignancy involving the cervical lymph node metastases without ob-

vious primary site despite comprehensive evaluations [1-4]. Squa-

mous cell carcinoma is the most common histology in 70% to 90% 

of patients diagnosed with HNMUO patients, followed by undiffer-

Purpose: This study was aim to evaluate the patterns of failure according to radiotherapy (RT) target 
volume for cervical lymph nodes in metastases of unknown primary origin in head and neck region 
(HNMUO). 
Materials and Methods: Sixty-two patients with HNMUO between 1998 and 2016 were retrospec-
tively reviewed. We analyzed the clinical outcomes and primary site failure depending on the radia-
tion target volume. The target volume was classified according to whether the potential head and 
neck mucosal sites were included and whether the neck node was treated involved side only or bilat-
erally. 
Results: Potential mucosal site RT (mucosal RT) was done to 23 patients and 39 patients did not re-
ceive mucosal RT. Mucosal RT showed no significant effect on overall survival (OS) and locoregional 
recurrence (LRR). The location of primary site failure encountered during follow-up period was found 
to be unpredictable and 75% of patients with recurrence received successful salvage therapies. No 
significant differences in OS and LRR were found between patients treated to unilateral (n = 35) and 
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entiated carcinoma and adenocarcinoma [5,6]. HNMUO accounts 

for 1.5% to 7% of all head and neck carcinoma [5,7-9]. Because of 

this low incidence, no randomized clinical trials have been under-

taken and consensus has not been reached to establish the optimal 

treatment outcomes.  

Treatment of HNMUO generally consists of combined modalities 

of surgery, radiation therapy (RT) and chemotherapy to maximize 

tumor control while reducing toxicity. Traditional approaches in-
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clude either neck dissection followed by adjuvant RT with or with-

out chemotherapy, or primary chemotherapy/chemoradiotherapy 

followed by neck dissection for the management of more advanced 

disease [4,7,8,10-12]. However, the optimal target volume for RT is 

controversial, with wide variations in RT of the involved neck alone 

and potential head and neck mucosal sites. Elective treatment of 

the bilateral neck is also an important issue considering the target 

volume to minimize the side effects. 

The goal of the present study is to compare the clinical outcomes 

according to the target volume whether or not including potential 

mucosal sites and bilateral neck, and to identify the patterns of 

failure to suggest the optimal radiation field for HNMUO patients. 

Materials and Methods 

1. Patient population and diagnostic workup 
After the approval of the Institutional Review Board of Seoul Na-

tional University Hospital (No. H-1803-132-932), a retrospective 

review of 69 patients with HNMUO between 1998 and 2016, was 

performed. The patients underwent treatment with curative intent 

including radiation therapy. Sixty-two patients were eligible for in-

clusion in this study, except for patients who had metastatic carci-

noma in the solely supraclavicular node (n =  6) or prior head and 

neck malignancy (n =  1). All patients had good performance status 

scored by the Eastern Cooperative Group (ECOG) performance sta-

tus 0 to 2. Patients who received incomplete RT or who failed to 

follow-up continuously were excluded from the analyses. 

All 62 patients manifested histologically proven metastatic car-

cinoma in cervical lymph nodes, and 56.6% of them had undergone 

directed biopsies from suspicious primary sites such as tonsil, naso-

pharynx, and the base of tongue. All the results of biopsies were 

reviewed by institutional pathologists. 

The typical diagnostic workup of HNMUO patients consisted of 

clinical examination and endoscopy (i.e., nasopharyngoscopy and 

laryngoscopy), chest X-ray, complete blood count, liver function 

test, computerized tomography (CT) and/or magnetic resonance 

imaging (MRI) of the head and neck region. Especially, 88.7% un-

derwent positron emission tomography- computerized tomography 

(PET-CT). We restaged all patients retrospectively based on the cri-

teria of the 8th edition of the American Joint Committee on Cancer 

staging system. 

2. Treatment modalities 
Of all 62 patients, 42 patients underwent primary neck dissection; 

30 patients with modified radical neck dissection (MRND), 8 with 

radical neck dissection (RND), and 4 with selective neck dissection. 

All patients received RT with curative intent. The 42 patients 

who underwent initial neck dissection surgeries were treated with 

postoperative radiotherapy, and the remaining patients underwent 

radical RT after biopsies. Most of the patients received either inten-

sity-modulated radiotherapy (IMRT, 50.0%) or three-dimensional 

conformal radiotherapy (3D-CRT, 40.3%). Since we included pa-

tients who had been treated since 1998, 9.7% of patients who re-

ceived 2D-technique RT were also analyzed. Doses typically con-

sisted of 70 Gy prescribed for gross disease, 60–63 Gy prescribed 

for high-risk or postoperative areas, 54–56 Gy for treatment of in-

termediate-risk subclinical regions, and 42–47.6 Gy to treat low-

er-risk areas.  

Twenty-three patients (37.1%) had RT to potential primary mu-

cosal sites. Among them, 16 patients received RT to potential pri-

mary mucosa which had been biopsied during initial diagnostic 

work-up, even though negative result had been confirmed. The re-

maining 7 patients did not undergo mucosal biopsies at the time of 

initial diagnosis, but at the radiation oncologists’ decision, 5 pa-

tients received RT to oropharynx, 1 to oropharynx and nasopharynx, 

and 1 to oropharynx and base of tongue. Most common site for 

potential primary mucosal RT was oropharynx (45.2%), followed by 

nasopharynx (32.3%), base of tongue (12.9%). 

In terms of chemotherapy, 30.6% of patients (n =  19) were of-

fered neoadjuvant chemotherapy before RT. The regimens of induc-

tion chemotherapy included “5-fluorouracil (5-FU) and cisplatin” (n 

=  7), “docetaxel and cisplatin” (n =  6), “docetaxel, cisplatin and 

5-FU” (n =  3), and “paclitaxel and cisplatin” (n =  3). Half of the 

patients (n =  31) underwent concurrent chemotherapy during RT, 

and most of them were cisplatin-based regimens. Cisplatin alone 

was used to treat 29 patients, “5-FU, cisplatin, and cetuximab” was 

used in one patient each. The details of overall treatment were de-

scribed in Fig. 1. 

3. Follow-up 
After therapy, patients were monitored during the first 2 weeks af-

ter RT and every 1 to 2 months later, then every 2 to 3 months 

during the first year of follow-up, every 4 months during the sec-

ond, and every 6 months during the third year of follow-up. The 

follow-up interval was increased or decreased according to the pa-

tient’s clinical evaluation. 

4. Statistical analyses 
We compared the overall survival (OS), locoregional recurrence 

(LRR) and primary site failure depending on the radiation target 

volume. LRR was defined as any relapse in the ipsilateral neck node 

either in-field or out-field, contralateral neck node and/or head 

and neck mucosa. The target volume was classified according to 

whether the potential primary head and neck mucosal sites were 
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included and whether the neck node was treated unilaterally or bi-

laterally. Analyses of the clinical outcomes of neck node RT were 

performed except in patients who initially presented metastatic 

lymph nodes in the bilateral neck. All analyses were performed us-

ing Stata/MP 15.0 (StataCorp., College Station, TX, USA) with a sig-

nificance level of 0.05. 

Results 

1. Patient characteristics 
The median follow-up time was 44.1 months (range, 5.5 to 149.0 

months). Sixty-two patients met the inclusion criteria. The mean 

age of the patients was 58.1 years (range, 20 to 77 years), includ-

ing 55 males and 7 females. All patients had good performance 

status defined by ECOG performance status score of 0 or 1, except 

for 1 patient. The number of patients with a history of smoking was 

26 (41.9%). 

The most common type of histology was squamous cell carcino-

ma in 83.9%, followed by poorly differentiated carcinoma in 

16.1%. The N stages classified as N1, N2a, N2b, N2c, N3a, and N3b 

were 2, 16, 26, 6, 6, and 6 patients, respectively. Eleven patients 

manifested extra-nodal extensions. Among them, 1 patient was di-

agnosed with N2a, 3 patients were N2b, and 1 patient showed N3a 

disease. Besides, there was 1 patient with N3a and 5 patients were 

confirmed as N3b stage. Histologic staining and immunohisto-

chemistry of neck nodes for human papillomavirus (HPV) and Ep-

stein-Barr virus (EBV) were reviewed, but only 40.3% and 25.8% of 

patients were tested for HPV and EBV, respectively. Of all patients, 

17.7% for HPV and 3.2% for EBV tested positive. 

Forty-two patients (67.7%) underwent primary neck dissection 

before RT, 11 patients received RT after fine-needle aspiration (FNA) 

only, and 9 patients underwent either excisional (n =  7) or an inci-

sional (n =  2) biopsies. Primary neck dissection was not performed 

at the clinician’s discretion in patient with initial bulky disease or 

old age, and when the patient did not want surgery. 

Most of the patients (88.7%) were exposed to PET-CT for the 

initial diagnoses to rule out a primary tumor site and 74.2% of pa-

tients underwent biopsy for suspected primary mucosal sites, in-

cluding tonsil, tongue base and nasopharynx. The most common 

site for mucosal biopsy was tonsil, and biopsies at multiple sites 

were performed in each patient depending on the otolaryngolo-

gist’s judgment. Treatments to putative head and neck mucosal 

sites and bilateral neck nodes depended on the radiation oncolo-

gist’s discretion. Twenty-three patients were treated with RT for 

suspected mucosal sites even though site-directed biopsies were 

negative, if the clinical judgment indicated a strong suspicion. 

2. Mucosal RT 
Potential primary mucosal RT was administered to the 37.1% (n =  

23) of patients whereas 62.9% (n =  39) were not exposed to mu-

cosal RT. There was a statistical difference in the rate of neoadju-

vant chemotherapy and the extent of neck node irradiation be-

tween the two treatment groups. Most patients who received mu-

cosal RT did not undergo neoadjuvant chemotherapy (91.7%) and 

were treated for electively bilateral neck nodes together (73.9%) 

(Table 1). 

Potential primary mucosal RT showed no significant effect on 

overall survival (p = 0.376). The 5-year OS rate was 61.8% in the 

mucosal RT (+) group and 53.9% in the mucosal RT (–) group (Fig. 2). 

Also, there was no statistically significant difference in the LRR be-

tween the groups depending on the mucosal RT (p =  0.099). The 

5-year LRR rate was 10.7% in mucosal RT (+) and 30.2% in muco-

sal RT (–) group. No differences were found in the ipsilateral in-

field, ipsilateral out-field failure, and contralateral failure rate be-

tween the two treatments. Though mucosal RT showed trend for 

lower primary site failure (p =  0.087), only 4 patients (10.3%) who 

were with untreated potential primary site developed subsequent 

mucosal head and neck carcinoma. Moreover, the location of pri-

mary site failure was found to be unpredictable, which included 1 

case of nasopharynx, 1 involving oropharynx, and 2 involving oral 

cavities (buccal and gingiva). These primary site failures did not 

match the lesions predicted by biopsy and imaging etc. in the ini-

tial workup. One patient showed mucosal recurrence at the base of 

tongue after mucosal irradiation to nasopharynx. Among the mu-

cosal RT (–) patients, 75% patients (n =  3) who showed recurrence 

as the primary site failure underwent successful salvage surgery 

followed by adjuvant chemotherapy. One patient who showed re-

Fig. 1. Flow chart of overall treatment. MRND, modified radical neck 
dissection; RND, radical neck dissection; SND, selective neck dissec-
tion; FND, fine-needle aspiration; Bx, biopsy; RT, radiotherapy; CT, 
chemotherapy.

Primary neck
dissection

(n=42)
Adjuvant RT

Definitive RT

3 Neoadjuvant CT
21 Concurrent CT

16 Neoadjuvant CT
10 Concurrent CT

30 MRND
8 RND
4 SND

11 FAN
7 Excisional Bx
2 Incisional Bx

Biopsy only
(n=20)

Total
62 patients
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currence as systemic progression failed to undergo salvage therapy, 

and instead received palliative chemotherapy (Table 2). In toxicity 

analyses, irradiation to potential primary mucosa did not result in 

any differences in the incidence of mucositis (p =  0.412), dermati-

tis (p =  0.126), unexpected hospitalization (p =  0.276) or weight 

loss greater than 10% (p =  0.980). 

3. Unilateral vs. bilateral neck irradiation 
After excluding initially bilateral neck diseases (n =  6), 35 patients 

received involved unilateral neck RT only and 21 underwent elec-

tive bilateral neck RT. There was tendency of involved unilateral 

neck RT for patients who had taken PET-CT at initial work-up (p =  

0.017). Among the patients who received bilateral neck RT, 66.7% 

received potential primary mucosal RT concurrently (p =  0.001) 

(Table 3). 

Compared with the unilateral neck RT, the bilateral neck RT did 

not improve the OS (p =  0.403). The actuarial 5-year OS rate was 

Table 1. Characteristics of patients treated with mucosal RT (+) vs. mucosal RT (–)

Mucosal RT (+) (n =  23) Mucosal RT (–) (n =  39) p-value
Age at diagnosis (yr) 54.7 ±  10.1 (20–72) 60.1 ±  9.6 (36–77) 0.023a)

Sex 0.185b)

 Male 22 (95.7) 33 (84.6)
 Female 1 (4.4) 6 (15.4)
History of smoking 0.731b)

 Yes 9 (39.1) 17 (43.6)
ECOG performance status 0.439b)

 0–1 23 (100) 98 (97.4)
 ≥2 0 (0) 1 (2.6)
N-classification (AJCC 8th) 0.120b)

 N1 0 (0) 2 (5.1)
 N2 21 (91.3) 27 (69.2)
 N3 2 (8.3) 10 (25.6)
Pathologic features 0.503b)

 SqCC 18 (78.3) 34 (85.2)
 Poorly differentiated 5 (21.7) 5 (12.8)
FDG-PET at diagnosis
 Taken 21 (91.3) 34 (87.2) 0.620b)

Neoadjuvant chemotherapy
 Yes 2 (8.3) 17 (43.6) 0.004b)

Concurrent chemotherapy
 Yes 10 (41.7) 21 (53.9) 0.430b)

RT field
 Unilateral 6 (26.1) 29 (74.4) 0.001b)

 Bilateral 17 (73.9) 10 (25.6)

Values are presented as mean ± standard deviation (range) or number (%).
RT, radiotherapy; ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer; SqCC, squamous cell carcinoma; FDG-PET, 
fluorodeoxyglucose-positron emission tomography.
a)Mann-Whitney U test, b)chi-square test.

Fig. 2. Actuarial overall survival curves of patients receiving potential 
primary mucosal RT (+) vs. mucosal RT (–) (p = 0.376 by log-rank 
test). RT, radiotherapy.
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55.9% in the unilateral RT and 67.9% in the bilateral RT group (Fig. 

3). Also, there was no significant difference in LRR between the 

two fields (p =  0.378). The 5-year LRR rate was 26.0% in the uni-

lateral and 12.3% in the bilateral RT group. There were 2 patients 

with primary mucosa failure in both unilateral and bilateral neck 

RT groups. When analyzing the patterns of failure, there were 6 

patients who showed regional relapses in the unilateral RT group. 

They included four patients with ipsilateral in-field failures, which 

resulted in recurrences in previously irradiated areas. There were 2 

patients who showed ipsilateral out-field failures (Table 2). Those 2 

patients initially underwent cervical lymphadenopathy in the left 

level II and left level II/III, followed by unilateral neck RT including 

left level II, III, IV, Va, and Vb. After the treatment, 2 patients 

showed recurrence at left level Ia or Ib. Elective bilateral RT result-

ed in recurrences at ipsilateral in-field in 2 patients and even re-

currence at the contralateral neck in 1 patient. In addition, when 

Table 2. Patterns of failure according to mucosal RT, and unilateral vs. bilateral neck irradiation

Mucosal RT (+) (n =  23) Mucosal RT (–) (n =  39) Unilateral irradiation (n = 35) Bilateral irradiation (n =  21)
All locoregional failure 3 10 7 4

Regional failure
 Ipsilateral in-field failure 2 5 4 2
 Ipsilateral out-field failure 1 2 2 0
 Contralateral failure 0 1 0 1
Local failure (mucosa) 1 4 2 2

Distant failure 8 11 10 6

Table 3. Characteristics of patients treated with unilateral vs. bilateral neck irradiation

Unilateral RT (n = 35) Bilateral RT (n = 21) p-value
Age at diagnosis (yr) 60.4 ±  9.0 (36–77) 54.6 ±  12.1 (20–72) 0.065a)

Sex 0.175b)

 Male 29 (82.9) 20 (95.2)
 Female 6 (17.1) 1 (4.8)
History of smoking 0.480b)

 Yes 15 (42.9) 7 (33.3)
ECOG performance status 0.434b)

 0–1 34 (97.1) 21 (100)
 ≥2 1 (2.9) 0 (0)
N-classification (AJCC 8th) 0.436b)

 N1 2 (5.7) 0 (0)
 N2 26 (74.3) 18 (85.7)
 N3 7 (20.0) 3 (14.3)
Pathologic features
 SqCC 29 (82.9) 17 (80.9) 0.414b)

 Poorly differentiated 6 (17.1) 4 (19.1)
FDG-PET at diagnosis
 Taken 34 (97.1) 15 (71.4) 0.005b)

Neoadjuvant chemotherapy
 Yes 10 (27.8) 6 (28.6) 1.000b)

Concurrent chemotherapy
 Yes 19 (54.3) 8 (38.1) 0.240b)

Suspected mucosal RT
 Yes 6 (17.1) 14 (66.7) 0.001b)

Values are presented as mean ± standard deviation (range) or number (%).
RT, radiotherapy; ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer; SqCC, squamous cell carcinoma; FDG-PET, 
fluorodeoxyglucose-positron emission tomography.
a)Mann-Whitney U test, b)chi-square test.
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treated with RT for both necks, grade 2+ mucositis occurred sig-

nificantly (p =  0.047). 

Discussion and Conclusion 

Currently, there is no consensus for the optimal treatment of HN-

MUO. The present study was conducted to analyze the clinical out-

comes and patterns of failure in patients with HNMUO according 

to the RT target volume, and suggest RT field to improve tumor 

control rates with minimal toxicity. 

According to the latest National Comprehensive Cancer Network 

(NCCN) guideline for the management of occult primary head and 

neck carcinoma, the RT field should be based on the initial tumor 

size, nodal station, and HPV and EBV status. However, in light of 

specific principles of RT, no guidelines are available whether the 

putative mucosa as primary site should be included even though 

PET-CT revealed negative, and whether only involved side of neck 

should be treated or not. 

Despite the lack of prospective trials, multiple retrospective stud-

ies have shown conflicting results regarding the RT fields. Several 

previous studies showed that comprehensive RT including suspi-

cious mucosa and bilateral neck field were beneficial in reducing 

the failure rates [2,13,14]. A recent study by Kamal et al. [4], re-

ported that comprehensive IMRT to both neck, oropharyngeal and 

nasopharyngeal mucosa resulted in statistically higher rates of OS 

and disease control. However, this study did not indicate the num-

ber of patients exposed to PET-CT during the initial diagnosis. Cur-

rently, it is common practice to undergo PET-CT at initial assess-

ments, and the probability of finding an occult primary site would 

be 20%–25%. Therefore, it is necessary to consider when the pa-

Fig. 3. Actuarial overall survival curves of patients treated with in-
volved unilateral vs. elective bilateral neck RT (p = 0.403 by log-rank 
test). RT, radiotherapy.

tient was treated, when PET-CT was not routinely used in the initial 

diagnosis. However, a few studies in the past revealed no differenc-

es in OS, relapse-free survival, and the emergence of primary site 

between comprehensive and limited RT fields [15-17]. A recent re-

view article by the GEORCC (Grupo de Tumores de Cabeza y Cuello) 

recommended clinical target volume (CTV) in clinical practice for 

contouring HNMUO. First, regarding mucosal CTV, potential muco-

sal site RT might be possible in case of N1 with extranodal exten-

sion or N2/N3 disease. The findings suggested that patients receive 

mucosal irradiation on carefully considering HPV/p16 and EBV sta-

tus. As for the nodal CTV, patients diagnosed as N1–N2A and pN2B 

with ≥2 affected lymph nodes (LNs) could be treated with involved 

neck RT alone. However, elective bilateral neck RT would be benefi-

cial in the case of N2B with >2 positive LNs or N2C–N3 patients. 

However, no consensus has been set regarding the optimal RT for 

HNMUO [12]. 

In the present study, we analyzed the results of clinical outcomes 

involving HNMUO patients classified according to whether the RT 

field included the potential primary mucosa or involved neck RT 

only (vs. elective bilateral neck RT). In comparison with other pub-

lished studies, a high proportion (88.7%) of patients underwent 

PET-CT during the initial staging. Our study found that potential 

primary mucosal RT and bilateral neck irradiation yielded no clini-

cal benefits in OS and LRR. Based on the analysis of patterns of 

failure, the location of subsequent primary failure was unpredict-

able. Even after bilateral neck RT, 2 patients showed recurrence at 

the ipsilateral in-field area and another patient showed contralat-

eral in-field failure. Two patients treated with involved neck RT 

only showed recurrence in the ipsilateral out-field area. Two pa-

tients who initially manifested lymphadenopathy at left level II and 

II/III received unilateral RT to left level II–V, and showed recurrence 

at left Ia/Ib. Even elective bilateral neck RT showed significantly 

greater mucositis. Based on these results, omission of mucosal RT 

and bilateral neck irradiation might be an option to maintain treat-

ment efficacy while minimizing RT-related toxicities. Because sal-

vage therapies could be effectively performed except systemic pro-

gression, limiting the extent of RT may be helpful in the salvage 

surgery at the time of recurrence. On the other hand, it was note-

worthy that when mucosal RT was not performed, the 5-year LRR 

was 30.2%, which was higher than 10.7% of receiving mucosal RT. 

Although it was not statistically significant and the location of 

subsequent mucosal primary was also unpredictable, validation in 

the study with a larger number of patients would be necessary. 

This study had several limitations. It had inherent weak points 

due to the retrospective nature of the study. The number of ana-

lyzed patients was insufficient to confirm the results. In addition, it 

was not clear how the radiation oncologist treated HNMUO pa-
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tients, especially on what criteria the potential primary mucosa and 

elective bilateral neck nodes were treated. In addition, of all pa-

tients, 74.2% for EBV and 59.7% for HPV were not tested. As the 

viral tests for EBV and HPV are common practice for determining 

coverage of nasopharynx and/or oropharynx in the RT field nowa-

days [4,8,9], the lack of data regarding the viral tests might be ma-

jor limitation in interpreting the results. It was also found that 

5-year LRR in this study was rather higher (10.7% vs. 5.8%) com-

pared to other study by Wang et al. [18] published in recent year. 

Nevertheless, the results obtained from this study might be 

meaningful in the actual clinical setting, where the incidence of 

HNMUO is very rare and the treatment guidelines are scarce. To 

date, no clear treatment consensus is available, and therefore, phy-

sicians may have different judgment criteria for optimal therapies 

even in the same institution. In particular, opinions on RT field, 

such as treating potential primary mucosa or involved neck only, 

can vary among radiation oncologists. Since the criteria for treat-

ing HNMUO were different among individual radiation oncologists 

even in a single institution, it was difficult to establish the rules for 

RT fields. However, just as the prevalence of disease is very low, the 

lack of a standard of care is also an inevitable problem of HNMUO 

itself. The absence of HPV/EBV staining in many patients was a 

major flaw of this paper. This was unavoidable because the patients 

were distributed over a long period of 18 years from 1998 to 2016, 

and the viral staining for HPV/EBV has only recently been done 

routinely. In addition, the reason why the LRR of this study was 

higher than that of Wang et al. [18] was that the initial N2/3 stage 

was 95.2% in our study, but only 49.4% in Wang’s paper. Despite 

several inevitable shortcomings, the advantage of this study was 

high rates of PET-CT were taken at the time of initial evaluation. 

The high percentage of PET-CT indicated the accuracy of the diag-

nosis, and it could be assumed that the initial PET-CT had largely 

eliminated the probability of finding a hidden primary site. 

In conclusion, we found that there were no benefits in OS and 

LRR for patients diagnosed with HNMUO when treating head and 

neck mucosal sites and bilateral neck nodes in the radiation target 

filed. The primary site failure was hard to predict and salvage ther-

apy was successfully performed in case of subsequent mucosal 

carcinoma. 
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Introduction 

Ependymoma is the third most common pediatric brain tumor [1]. 

Thirty percent of all pediatric ependymomas occur in children be-

low 3 years of age [2]. The 7-year local control and event-free 

survival rates in pediatric ependymoma patients undergoing cur-

rent treatment regimens (maximal safe resection, followed by fo-

cal adjuvant radiotherapy [RT]) were reported to be 83.7% and 

69.1%, respectively [3]. In particular, both progression-free surviv-

al (PFS) and overall survival (OS) were significantly worse in pa-

tients with anaplastic ependymoma (grade III) than in patients 

with grade II ependymoma [4]. 

Although RT is indispensable for the prevention of local recur-

rence of anaplastic ependymoma, the exposure of normal tissue to 

radiation may lead to acute or late toxicity. There are many reports 

of long-term sequelae of central nervous system (CNS) tumors, 
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Purpose: Intensity-modulated radiotherapy (IMRT) allows for more precise treatment, reducing un-
wanted radiation to nearby structures. We investigated the safety and feasibility of IMRT for anaplas-
tic ependymoma patients below 3 years of age. 
Materials and Methods: A total of 9 anaplastic ependymoma patients below 3 years of age, who re-
ceived IMRT between October 2011 and December 2017 were retrospectively reviewed. The median 
equivalent dose in 2 Gy fractions was 52.0 Gy (range, 48.0 to 60.0 Gy). Treatment outcomes and neu-
rologic morbidities were reviewed in detail. 
Results: The median patient age was 20.9 months (range, 12.1 to 31.2 months). All patients under-
went surgery. The rates of 5-year overall survival, freedom from local recurrence, and progression-free 
survival were 40.6%, 53.3%, and 26.7%, respectively. Of the 9 patients, 5 experienced recurrences (3 
had local recurrence, 1 had both local recurrence and cerebrospinal fluid [CSF] seeding, and 1 had 
CSF seeding alone). Five patients died because of disease progression. Assessment of neurologic mor-
bidity revealed motor dysfunction in 3 patients, all of whom presented with hydrocephalus at initial 
diagnosis because of the location of the tumor and already had neurologic deficits before radiothera-
py (RT). 
Conclusion: Neurologic morbidity is not caused by RT alone but may result from mass effects of the 
tumor and surgical sequelae. Administration of IMRT to anaplastic ependymoma patients below 3 
years of age yielded encouraging local control and tolerable morbidities. High-precision modern RT 
such as IMRT can be considered for very young patients with anaplastic ependymoma. 
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such as neurocognitive dysfunctions, growth disorders, psycholog-

ical and behavioral disorders, ototoxicity, and increased risk of 

secondary malignancy [5-7]. On the basis of this evidence, many 

physicians try and avoid RT in children below 3 years of age who 

are particularly vulnerable to the damaging effects of radiation. 

Despite concerns regarding RT-related toxicity, there is an 

emerging need for adjuvant RT in patients below 3 years of age 

with CNS tumors. The prospective German brain tumor trials HIT-

SKK 87 and 92 [8] evaluated the role of RT in anaplastic ependy-

moma in children below 3 years of age and showed that delaying 

RT increased the risk of local recurrence even after intensive che-

motherapy. In addition, according to the Children’s Oncology 

Group trial (ACNS0121) [9], the effectiveness of chemotherapy is 

not yet clear and thus extensive delays in or avoidance of adjuvant 

RT should be avoided. 

Recent developments in RT technology, such as intensity-modu-

lated radiotherapy (IMRT), have led to more accurate and precise 

treatments than the three-dimensional conformal radiotherapy 

(3D-CRT) plans (Fig. 1), thereby reducing unnecessary radiation 

exposure of surrounding normal tissues. As shown on the dose 

Fig. 1. Comparison of three-dimensional conformal radiotherapy (A) versus intensity-modulated radiotherapy (B) in the treatment of brain tu-
mor. The difference between preservation of optic chiasm, brainstem, and both cochlear among treatment plans can be compared visually to 
some extent.

A

B
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volume histogram, there was a sharp reduction in the planning 

target volume (PTV) in the IMRT plan, representing the superior 

PTV dose homogeneity (Fig. 2). Moreover, dose-volume histograms 

showed a lower dose to the optic chiasm, brainstem, and both co-

chleae on IMRT, demonstrating that RT-related neurologic toxicity 

can be significantly reduced. 

The aim of this study was to evaluate the safety and feasibility 

of IMRT in children under 3 years of age who received IMRT for 

anaplastic ependymoma. 

Materials and Methods 

1. Patient selection 
Patients below 3 years of age with anaplastic ependymoma who 

underwent postoperative IMRT at our institution between October 

2011 and December 2017 were included in this study. All patients 

were diagnosed on the basis of histological confirmation and un-

derwent magnetic resonance imaging (MRI) for disease evaluation 

and follow-up. Pathology was confirmed by surgical resection. A 

total of 9 patients were included in our study. This study was ap-

proved by the Institutional Review Board of the Yonsei University 

Health System (No. 4-2019-0939). The informed consent was 

waived by Institutional Review Board. 

2. Follow-up and assessment of neurologic morbidity 
During the RT period, patients were followed up clinically once a 

week. After RT, patients were followed up clinically within 1 

month, then every 3 months for the first 2 years, every 6 months 

for 1 year, and once a year thereafter. MRI examination was also 

performed 1 month after RT, followed by every 3 months for the 

first year, every 6 months for next 2 years, and once a year there-

after. Recurrence was determined by comprehensive evaluation of 

MRI images and clinical findings. 

Three categories related to neurologic morbidity (neurocognitive 

Fig. 2. Comparison of dose volume histograms between three-dimensional conformal radiotherapy (dotted line) and intensity-modulated radio-
therapy (solid line). The planning target volume (PTV) in blue, optic chiasm in pink, brainstem in yellow, right cochlear in light green and left co-
chlea in orange.
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dysfunction, motor dysfunction, and hearing impairment) were 

retrospectively evaluated through medical records maintained by 

physiatrists, pediatric neurosurgeons, pediatric medical oncolo-

gists, and pediatric radiation oncologists as well as using the Den-

ver Developmental Screening Test II (DDST-II) and the Bayley 

Scales of Infant and Toddler Development. The DDST-II is a revised 

version of the Denver Developmental Screening Test designed to 

identify developmental problems in children aged 0–6 years; it is 

divided into four areas: personal-social, fine motor-adaptive, lan-

guage, and gross motor [10]. The Bayley Scales of Infant and Tod-

dler Development (Bayley-III is the current version) are a standard 

series of measurements primarily used to assess the development 

of infants and toddlers aged 1–42 months [11]. Neurocognitive 

dysfunction was defined as the occurrence of declining intellectu-

al function or of problems with attention, processing speed, or 

working memory [12]. Because treatment and clinical features 

were different for each patient, each patient’s record was re-

viewed in detail by radiation oncologists (JL, HIY, and COS) and a 

neurosurgeon (DSK) to analyze the exact causes of neurologic 

morbidity. 

3. Radiotherapy 
All patients underwent simulation computed tomography (CT) for 

RT planning. During simulation CT, the patient’s head and neck 

were immobilized with a thermoplastic mask in the supine posi-

tion. Simulation CT images were imported into MIM software 

(MIM Software Inc., Cleveland, OH, USA) for target delineation. 

Gross tumor volume 1 (GTV1) consisted of any residual or recur-

rent lesions. GTV2 was defined as GTV1 plus the surgical cavity. 

Clinical target volume (CTV) was defined as GTV2 plus 0.5–1.0 cm 

margins. PTV was defined as the CTV plus 0.3 cm margins. The To-

moTherapy (Accuray, Sunnyvale, CA, USA) or RayStation (RaySe-

arch Laboratories, Stockholm, Sweden) software was used for 

IMRT plans. In an IMRT plan, higher doses were prescribed in the 

order of GTV1, GTV2, and CTV using a simultaneous-integrated 

boost technique. The median total dose of GTV1, GTV2, and CTV 

was equivalent to a dose of 2 Gy fractions (EQD2) 57.0 Gy (range, 

56.0 to 60.0 Gy, α/β =  3), 52.0 Gy (range, 48.0 to 60.0 Gy, α/β =  3), 

and 40.0 Gy (range, 38.0 to 52.0 Gy, α/β =  3), respectively (Table 1). 

If the patient was unable to fall asleep during RT, we attempted 

conscious sedation by administering 25–100 mg/kg chloral hy-

drate orally. In cases wherein chloral hydrate failed, we adminis-

tered 0.05–0.1 mg/kg midazolam intravenously. If the second op-

tion also failed, we attempted general anesthesia by administrat-

ing propofol. Of our 9 patients, 2 went to sleep before RT, 3 were 

under conscious sedation with chloral hydrate, 1 was sedated with 

midazolam because of failure of chloral hydrate, and the other 3 

were treated under general anesthesia with propofol. 

4. Statistical analysis 
OS is calculated from the date of RT to the date of death, regard-

less of the cause of death. Local recurrence is defined as recur-

rence within the RT field. Freedom from local recurrence (FFLR) is 

defined as the time from the date of RT to local recurrence. PFS is 

defined as the time from the date of RT to any recurrence or 

death. Survival outcomes were analyzed using the Kaplan-Meier 

method and log-rank test. Statistical analyses were performed us-

ing IBM SPSS version 23.0 software (IBM Corp., Armonk, NY, USA). 

Results 

1. Patient and treatment characteristics 
The baseline and treatment characteristics of all 9 patients are 

listed in Table 1. The median patient age was 20.9 months (range, 

12.1 to 31.2 months). Five patients were male and 4 were female. 

The median tumor size was 5.1 cm (range, 2.4 to 7.0 cm). The most 

common tumor location was the 4th ventricle (6 patients, 66.7%), 

and the remaining tumors were located in the cerebellopontine 

angle cistern, temporo-parieto-occipital lobe, or frontal lobe. When 

Table 1. Patient and treatment characteristics

Characteristic Value
Age (mo) 20.9 (12.1–31.2)
Sex
 Male 5 (55.6)
 Female 4 (44.4)
Tumor size (cm) 5.1 (2.4–7.0)
Tumor site
 Supratentorial 2 (22.2)
 Infratentorial 7 (77.8)
Surgery
 Gross total resection 5 (55.6)
 Near total resection 2 (22.2)
 Subtotal resection 2 (22.2)
Total RT dose (Gy) (EQD2, α/β =  3)
 GTV1 57.0 (56.0–60.0)
 GTV2 52.0 (48.0–60.0)
 CTV 40.0 (38.0–52.0)
Fractional RT dose (Gy)
 GTV1 2.0 (2.0–2.1)
 GTV2 1.8 (1.8–2.0)
 CTV 1.5 (1.5–1.8)

Values are presented as median (range) or number of patients (%).
RT, radiotherapy; EQD2, equivalent dose in 2 Gy fractions; GTV, gross 
tumor volume; CTV, clinical target volume.
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the location of the tumor was divided by the tentorium cerebelli, 

the tumors were in the infratentorial area in 7 patients. 

All patients underwent surgery. Five patients underwent gross 

total resection (no residual tumor), 2 underwent near total resec-

tion (>90% of tumor removed), and 2 underwent subtotal resec-

tion (50%–90% of tumor removed) [13]. The time interval from 

surgery to RT was 20–140 days (median: 28 days). No patient re-

ceived chemotherapy or peripheral blood stem cell transplanta-

tion. All patients except one received IMRT postoperatively at ini-

tial diagnosis. The remaining patient received salvage RT because 

of recurrence after the initial surgery.  

2. Survival outcomes 
The median follow-up duration was 28.0 months (range, 19.3 to 

76.0 months). The 5-year OS, FFLR, and PFS rates for all patients 

were 40.6%, 53.3%, and 26.7%, respectively (Fig. 3A–3C). 

Recurrence occurred in 5 patients: 3 had local recurrence, 1 had 

both local recurrence and cerebrospinal fluid (CSF) seeding, and 1 

had CSF seeding alone. Four patients without recurrence had un-

dergone gross total resection and received EQD2 52– 60 Gy to the 

tumor bed. None of these 4 patients underwent additional surgery 

or chemotherapy after RT. 

Of the 3 patients who underwent local recurrence, 1 received 

surgery and adjuvant chemotherapy as salvage treatment; howev-

er, residual tumor progression was observed. The patient subse-

quently underwent surgery but died because of disease progres-

sion. The second patient underwent gamma knife surgery as sal-

vage treatment but developed CSF seeding thereafter. Despite 

subsequently undergoing palliative re-irradiation targeting the 

whole ventricle, the patient died because of disease progression. 

The third patient underwent surgery and gamma knife surgery for 

residual lesions, followed by adjuvant chemotherapy as salvage 

treatment. However, 1 year after the end of chemotherapy, a re-

current tumor was observed. Gamma knife surgery was repeated, 

but the patient died because of disease progression. 

One patient with local recurrence and CSF seeding underwent 

surgery as salvage treatment and was expected to receive adju-

vant chemotherapy; however, the treatment was delayed because 

of the patient’s poor physical condition, and the patient died be-

cause of progression of leptomeningeal seeding. 

One patient who experienced CSF seeding at the age of 6 years 

2 months was treated with tumor removal for recurrent lesions at 

the L2-L5 vertebrae of the spinal cord, followed by 36 Gy cranio-

spinal irradiation and boost RT of 18 Gy to the tumor bed. Approx-

imately 10 months after the end of RT, the patient showed no evi-

dence of disease. 

Of the 4 patients without recurrence, 2 received EQD2 52 Gy to 

the tumor bed after gross total resection of the 4th ventricle tu-

mor and 40 Gy to the tumor bed plus margins. They showed no 

evidence of disease for approximately 2 years after RT completion. 

Another patient received EQD2 56 Gy to the tumor bed after gross 

total resection of the left temporal-parietal-occipital lobe tumor 

and 52 Gy to the tumor bed plus margins. This patient showed no 

evidence of disease for 6 years after RT completion. The last pa-

tient received EQD2 60 Gy to the tumor bed after gross total re-

section of the right frontal lobe tumor and 52 Gy to the tumor bed 

plus margins. The patient showed no evidence of disease for 2 

years and 6 months after the RT completion. 

Fig. 3. Kaplan-Meier curves of overall survival (A), freedom from local recurrence (B) and progression-free survival (C) in patients with anaplas-
tic ependymoma.
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3. Neurologic morbidity 
Neurologic morbidity after treatment was evaluated in all patients, 

3 (33.3%) of whom showed neurologic morbidity; all had motor 

dysfunction alone (Table 2). The first patient had a 5-cm-sized tu-

mor located in the 4th ventricle, causing hydrocephalus. Before di-

agnosis, the patient was able to stand with support, but at the time 

of disease diagnosis and after surgery, the patient’s motor function 

had declined, and the patient was only able to sit with support for 

1 minute. There was no difference in motor dysfunction before and 

after RT. The Denver Developmental Screening Test at 18 months of 

age showed that the development levels were those of an 

11-month-old, characterized by difficulty standing alone because 

of a decline in overall muscle strength. 

The second patient had a 5.0-cm-sized tumor located in the 4th 

ventricle, causing hydrocephalus. Hydrocephalus improved after 

surgery but was still observed. The patient showed delayed gross 

muscle development after surgery, and the Denver Developmental 

Screening Test at 18 months of age showed gross motor develop-

ment levels equivalent to those of a 14-month-old. The motor dys-

function seen before RT was maintained after RT, and the patient 

subsequently underwent rehabilitation therapy. 

The third patient had a 5.9-cm-sized tumor located in the left 

cerebellopontine angle cistern, causing hydrocephalus. There was 

no deterioration in motor function after the first surgery. However, 

left-hand weakness and overall postural tone deterioration devel-

oped with progression of the residual lesion. RT was performed on 

these residual lesions. Motor dysfunction present before RT persist-

ed after RT. The patient underwent rehabilitation therapy, but per-

sistent motor function deterioration was observed. 

Discussion and Conclusion 

In pediatric patients, the immature CNS is vulnerable to RT; there-

fore, the adverse effects of RT can be more severe than those in 

adults, which in turn may lead to problems such as delayed devel-

opment [5,14]. Some studies have suggested that RT therapy 

should be delayed or excluded as a treatment option in pediatric 

patients, instead utilizing intensive chemotherapy until the age of 

3 years, when CNS cell division is nearly complete [15,16]. Howev-

er, delays in RT can compromise oncologic outcomes [8,17]. With 

advances in RT techniques, IMRT enables a more targeted delivery, 

sparing the normal tissue and markedly reducing toxicity com-

pared to that with 3D-CRT. In our hospital, IMRT has been per-

formed in patients below 3 years of age, resulting in an improve-

ment in neurologic morbidity and treatment outcome. 

The most important issue in the treatment of ependymoma is 

that it often occurs in children below 3 years of age who are more 

vulnerable to the damaging effects of RT [18]. Some studies have 

shown a poor outcome if RT was deferred for more than 1 year af-

ter surgery and therefore recommended immediate RT, even in 

children below 3 years of age [19]. In the analysis of the HIT-SKK 

87 and 92 trials that exclusively enrolled patients below 3 years of 

age with anaplastic ependymoma, the 3-year OS was 66.7% when 

RT was administered immediately after chemotherapy, compared 

to 38.5% when RT was delayed [8]. As availability of IMRT has in-

creased, recent studies analyzing pediatric ependymoma patients 

have shown that despite a reduction in treatment volumes treat-

ment with IMRT results in favorable local control rates that do not 

increase the risk of marginal failure or neurologic toxicity com-

pared to those published historically [20,21]. Together with the re-

sults presented here, these findings reveal that the use of IMRT 

Table 2. Summary for cases of neurologic morbidity

Patient 
no. Sex Age at RT 

(mo)
Tumor size 

(cm) Tumor site Surgery
extent

Hydroceph-
alus at

diagnosis

Neurologic 
morbidity 

classification

Sx related to 
neurologic
morbidity

Denver develop-
mental screening 

test

Interval between 
onset of neurologic 

Sx and RT
1 F 12.1 5 4th ventricle STR Yes MD Sitting with arm 

support for 
only 1 minute

Gross motor: 
11-month-old 
level (at 18 
months of age)

1 month before RT

2 M 18.4 5 4th ventricle NTR Yes MD Delayed gross 
muscle devel-
opment

Gross motor: 
14-month-old 
level (at 18 
months of age)

1 month before RT

3 M 31.2 5.9 Left CPA cis-
tern

STR Yes MD Left hand weak-
ness, overall 
postural tone 
deterioration

Gross motor: 
9-month-old 
level (at 43 
months of age)

1 month before RT

RT, radiotherapy; Sx, symptoms; F, female; M, male; CPA, cerebellopontine angle; STR, subtotal resection; NTR, near total resection; MD, motor dys-
function.
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can reduce toxicity while maximizing therapeutic outcomes for 

ependymoma patients below 3 years of age. 

Until the 2000s, it was not possible to determine the optimal 

radiation dose for ependymoma because of small cohort sizes or 

heterogeneity between studies. Although some retrospective stud-

ies have recommended RT of 45 Gy or higher at the tumor site 

[22,23], the European Association of Neuro-Oncology (EANO) 

guidelines recently recommended a postoperative RT dose of 59.4 

Gy for patients older than 18 months with World Health Organi-

zation (WHO) grade II or III ependymoma, whereas a dose of 54 

Gy was recommended for patients younger than 18 months be-

cause of neurological vulnerability [24]. Given that the studies 

that were the basis for the EANO guidelines mainly used 3D-CRT, 

in the modern era, IMRT can be safely used to administer this ra-

diation dose with lower toxicity. In the current study, the median 

total doses for residual lesions were EQD2 57.0 Gy (range, 56.0 to 

60.0 Gy) and those for the tumor cavity were EQD2 52.0 Gy 

(range, 48.0 to 60.0 Gy). Although the statistical comparison was 

difficult because of the small the number of patients, the median 

total dose of tumor cavity in patients with in-field recurrence was 

EQD2 48.0 Gy (range, 48.0 to 52.0 Gy), whereas in patients with-

out in-field recurrence, the median total dose was EQD2 54.0 Gy 

(range, 52.0 to 60.0 Gy). Thus, a sufficient radiation dose may be 

critical to achieve local control, and IMRT can be used for the ad-

ministration of high radiation doses. 

Regarding RT field, the German HIT-SKK 87 and 92 trials includ-

ed neuraxis in the RT field [8], but more recent studies defined the 

RT field as the tumor bed plus margins [3,4]. The recently revised 

the EANO guideline also recommended setting the CTV to tumor 

bed plus margins [24]. In line with previous reports, our institu-

tion’s practice also defined RT field as tumor bed plus margins. 

Radiation to critical tissues is known to be associated with the 

development of neurologic morbidity [5,14]. Previous studies that 

applied IMRT or proton therapy to brain tumors concluded that 

the use of advanced RT technique for brain tumors allows for im-

proved target conformity and better critical tissue sparing, result-

ing in lower neurologic toxicity [25-27]. Therefore, on the basis of 

multiple studies, the application of a modern RT technique is im-

portant in pediatric patients. 

In our study on very young children treated with IMRT, neuro-

logic morbidity was observed in 3 patients (Table 2), all of whom 

had tumors located around the 4th ventricle. At the time of initial 

diagnosis, these 3 patients suffered from hydrocephalus due to the 

location of the tumor. Following RT, hydrocephalus worsened in 

only 1 patient. Considering the relationship between time of onset 

and RT, we can conclude that RT was not a direct cause of the hy-

drocephalus. This patient also exhibited motor dysfunction before 

RT, which did not worsen after RT. Issues arising from pediatric 

hydrocephalus, including surgical complications, academic 

achievement, and neurologic sequelae, have been the focus of nu-

merous studies. Motor handicap in pediatric patients with hydro-

cephalus was reported in 30%–60% of cases [28-30], and low IQ 

was reported in 12.5%–54.7% of cases [31,32]. Our findings sug-

gest that most toxicities are caused by mass effects from the tu-

mor itself combined with sequelae from surgery. 

One of the limitations of this study was the small sample size, 

making statistical analysis difficult. In addition, because we did 

not conduct longitudinal studies that prospectively measured neu-

rologic deficits, it was difficult to analyze the changing patterns 

of neurologic deficiencies. Thus, although neurologic morbidity 

was thought to be caused by a combination of mass effects from 

the tumor and sequelae from surgery, it was difficult to determine 

how RT affected neurologic morbidity exactly. Despite these lim-

itations, our results are still meaningful. Few previous studies have 

collected data from this many anaplastic ependymoma patients 

below 3 years of age who received IMRT from one institution. As 

well, we tried to analyze each case in detail and compared related 

factors to the greatest extent possible. 

In conclusion, pediatric anaplastic ependymoma patients below 

the age of 3 years who received IMRT showed an encouraging lo-

cal control rate and tolerable toxicity. These outcomes were com-

parable to those of other studies. Although neurologic morbidities 

were observed in 3 patients, these appear to be caused by the tu-

mor itself and/or sequelae from surgery. On the basis of these re-

sults, when performing RT for anaplastic ependymoma in very 

young patients, a high-precision modern RT approach such as 

IMRT should be actively considered. 
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Purpose: This retrospective study compares higher-dose whole-brain radiotherapy (hdWBRT) with re-
duced-dose WBRT (rdWBRT) in terms of clinical efficacy and toxicity profile in patients treated for 
primary central nervous system lymphoma (PCNSL). 
Materials and Methods: Radiotherapy followed by high-dose methotrexate (HD-MTX)-based chemo-
therapy was administered to immunocompetent patients with histologically confirmed PCNSL be-
tween 2000 and 2016. Response to chemotherapy was taken into account when prescribing the radi-
ation dose to the whole brain and primary tumor bed. The whole brain dose was ≤23.4 Gy for rdWBRT 
(n = 20) and >23.4 Gy for hdWBRT (n = 68). Patients manifesting cognitive disturbance, memory im-
pairment and dysarthria were considered to have neurotoxicity. A median follow-up was 3.62 years. 
Results: The 3-year overall survival (OS) and progression-free survival (PFS) were 70.0% and 48.9% 
with rdWBRT, and 63.2% and 43.2% with hdWBRT. The 3-year OS and PFS among patients with par-
tial response (n = 45) after chemotherapy were 77.8% and 53.3% with rdWBRT, and 58.3% and 
45.8% with hdWBRT (p > 0.05). Among patients with complete response achieved during follow-up, 
the 3-year freedom from neurotoxicity (FFNT) rate was 94.1% with rdWBRT and 62.4% with hdW-
BRT. Among patients aged ≥60 years, the 3-year FFNT rate was 87.5% with rdWBRT and 39.1% with 
hdWBRT (p = 0.49). Neurotoxicity was not observed after rdWBRT in patients aged below 60 years. 
Conclusion: rdWBRT with tumor bed boost combined with upfront HD-MTX is less neurotoxic and 
results in effective survival as higher-dose radiotherapy even in partial response after chemotherapy. 

Keywords: Non-Hodgkin lymphoma, Central nervous system, Cranial irradiation, Adverse effects
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Introduction 

Primary central nervous system lymphoma (PCNSL) is a highly ag-

gressive form of non-Hodgkin’s lymphoma. Optimal treatment for 

PCNSL is disputed, but high-dose methotrexate (HD-MTX)-based 

chemotherapy followed by whole-brain radiotherapy (WBRT) re-

mains a standard treatment strategy. 

The major drawback of WBRT for PCNSL is the possibility of neu-

rotoxicity [1,2]. Several approaches have been adopted to overcome 

or alleviate this limitation. One of the approaches entailed com-

plete omission of WBRT. G-PCNSL-SG-1 is a phase III trial designed 

to test non-inferiority of HD-MTX-based chemotherapy alone, 

compared with chemotherapy followed by WBRT. Although there 

was no statistically significant difference in overall survival be-
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tween treatment groups, the trial failed to reach predefined 

non-inferiority margin [3]. Another attempt to avoid WBRT in-

volved substitution of WBRT for high-dose chemotherapy with au-

tologous stem cell transplantation. Recent trials show that this ap-

proach reduces neurotoxicity due to WBRT although the risk of he-

matologic toxicity and treatment-related death is increased [4,5]. 

While these trials omitted WBRT, several attempts were also 

made to reduce neurotoxicity despite WBRT treatment efficacy as 

consolidation treatment, by reducing the radiation dose. Morris et 

al. [6] conducted a multi-center phase II study to reduce the dos-

age of WBRT in patients who achieved complete response after 

chemotherapy, with adequate overall survival (OS) and minimal 

neurotoxicity. Our group showed promising results of dose reduc-

tion in WBRT with tumor bed boost, with 59.8% of 3-year OS rate 

and 47.9% of 3-year progression-free survival (PFS) rate [2]. Fur-

thermore, clinicians have implemented dose reduction of WBRT in 

patients with a favorable response to chemotherapy, as shown in 

KROG 14-20 study in which no more than 5% of patients under-

went WBRT with a dose less than 30 Gy in early 2000s, whereas 

more than 25% of patients underwent WBRT with such dose in 

2010 [7]. Although this dose reduction is prevalent, the compari-

son of treatment outcomes or toxicity profile based on differences 

in WBRT dosage has yet to be reported. The purpose of the present 

study is to show that dose reduction of WBRT after upfront HD-

MTX is safe. Towards this end, the study compared clinical efficacy 

and toxicity profile of low-dose WBRT and tumor bed boost with 

that of higher-dose WBRT and tumor bed boost in PCNSL patients 

who underwent upfront HD-MTX-based chemotherapy. 

Materials and Methods 

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

Seoul National University Hospital before collecting patient infor-

mation (No. 1904-072-1026). A retrospective review was under-

taken using medical records of pathologically confirmed PCNSL 

patients who underwent upfront HD-MTX-based chemotherapy 

followed by WBRT from January 2000 to December 2016. Patients 

with immunocompromised state, previous cancer history, or dis-

ease involving extra-central nervous system (CNS) at the time of 

presentation were excluded. WBRT with dose lower than or equal 

to 23.4 Gy was defined as reduced-dose WBRT (rdWBRT), and 

therapy with dose higher than 23.4 Gy was defined as higher-dose 

WBRT (hdWBRT). The rdWBRT was administered to 20 out of 88 

eligible patients. Characteristics of the patients and treatments 

administered to both groups are summarized in Table 1. 

Table 1. Patients’ characteristics

Characteristic Reduced-dose 
WBRT

Standard-dose 
WBRT p-value

Age at diagnosis (yr) 58.7
(46.2–75.2)

56.1
(23.4–75.1)

0.599

 <60 11 (55.0) 44 (64.7)
 ≥60 9 (45.0) 24 (35.3)
Sex 0.852
 Male 12 (60.0) 37 (54.4)
 Female 8 (40.0) 31 (45.6)
ECOG performance status 0.683
 0–1 14 (70.0) 42 (61.8)
 2–4 6 (30.0) 26 (38.2)
Pathology 0.399
 Diffuse large B-cell lym-

phoma
17 (85.0) 64 (94.1)

 Other B-cell lymphoma 1 (5.0) 1 (1.5)
 T-cell lymphoma 2 (10.0) 3 (4.4)
Eye involvement 0.134
 Yes 3 (15.0) 2 (2.9)
 No 17 (85.0) 66 (97.1)
CSF involvement 0.703
 Yes 3 (15.0) 6 (8.8)
 No 17 (85.0) 62 (91.2)
Operation 0.190
 Stereotactic biopsy 20 (100) 58 (85.3)
 Gross total resection 0 (0.0) 7 (10.3)
 Subtotal resection 0 (0.0) 3 (4.4)
Number of lesions 1.000
 Single 5 (25.0) 19 (27.9)
 Multiple 15 (75.0) 49 (72.1)
Deep structure involvementa) 0.864
 Yes 14 (70.0) 44 (64.7)
 No 6 (30.0) 24 (35.3)
LDH elevation 0.640b)

 Yes 6 (30.0) 27 (39.7)
 No 13 (65.0) 39 (57.4)
 Not reported 1 (5.0) 2 (2.9)
Rituximab usage 0.003
 Yes 10 (50.0) 10 (14.7)
 No 10 (50.0) 58 (85.3)
Post-radiation cytarabine 0.003
 Yes 12 (60.0) 15 (22.1)
 No 8 (40.0) 53 (77.9)

Values are presented as median (range) or number (%).
WBRT, whole-brain radiotherapy; ECOG, Eastern Cooperative Oncology 
Group; CFS, cerebrospinal fluid; LDH, lactate dehydrogenase.
a)Deep structure was defined as basal ganglia, corpus callosum, brain-
stem, and cerebellum. b)Calculated only for reported numbers.
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IMRT, while 10 patients underwent WBRT as IMRT then tumor bed 

boost as 3D-CRT. For 3 patients, IMRT was applied to both WBRT 

and tumor bed boost. Boost to tumor bed was given sequentially, 

after WBRT was done. The gross tumor volume was delineated 

based on pre-chemotherapy tumor volume. The clinical target vol-

ume margin for tumor bed boost was 0.5 to 1.5 cm, and the plan-

ning target volume margin was mostly 0.3 cm. Whole-spine radio-

therapy was administered to 5 patients (5.7%) with positive CSF 

cytology. Range of dose to whole-spine was 19.8 to 36 Gy. 

4. Follow-up and evaluation of neurotoxicity 
The median follow-up duration was 3.62 years (range, 0.38 to 19.2 

years) in all patients; 3.62 years (range, 1.12 to 7.27 years) for rd-

WBRT, and 3.60 years (range, 0.38 to 19.2 years) for hdWBRT. Fol-

low-up visit and response evaluation was done every 3 to 4 months 

for 2 years, every 6 months until 5 years from the end of the thera-

py, and yearly thereafter. Survival data was retrieved from the na-

tional registration system of Korean government. 

Radiological response was evaluated after chemotherapy, one 

Table 2. Radiation dosage in different treatment groups based on re-
sponse to chemotherapy

Response after chemotherapy WBRT dose (Gy) Total dose (Gy)
Standard-dose group (>23.4 Gy)
 CR (n =  27) 27.0 (25.2–30.6) 45.0 (36.0–54.0)
 PR (n =  36) 30.6 (25.2–36.0) 50.4 (45.0–55.8)
 SD/PD (n =  5) 30.6 (27.0–36.0) 50.4 (45.0–54.0)
Reduced-dose group (≤23.4 Gy)
 CR (n =  9) 19.8 (18.0–23.4) 36.0 (36.0–50.4)
 PR (n =  9) 21.6 (18.0–23.4) 45.0 (45.0–50.4)
 SD/PD (n =  2) 20.7 (18.0–23.4) 42.3 (39.6–45.0)

Values are presented as median (range).
WBRT, whole-brain radiotherapy; CR, complete response; PR, partial re-
sponse; SD, stable disease; PD, progressive disease.

Fig. 1. Histogram representing treatment groups over different time 
periods.

2. Chemotherapy 
As specified in eligibility criteria, all patients were treated with 

HD-MTX-based chemotherapy with median 5 cycles (range, 2 to 6 

cycles). Exact chemotherapy regimen was varied depending on the 

medical oncologist decision and treatment period. Eighty-one pa-

tients (92.0%) underwent combination chemotherapy with meth-

otrexate, vincristine, and procarbazine, which was similar to that 

used in the RTOG 93-10 study [8]. Until 2004, a regimen without 

procarbazine was also used in 6 (5.8%) patients. One patient 

(1.1%) with T-cell lymphoma was treated with HD-MTX and cy-

tarabine. The optimal dose of methotrexate was 2.5 g/m2 at least, 

but a lower dose was used in 5 patients (5.7%) with a history of 

liver cirrhosis or chronic kidney disease. The range of methotrexate 

dose was 1.5–4.0 g/m2, and a median of 5 cycles was administered 

(range, 2 to 6 cycles). Methotrexate was infused on the first day 

of each cycle, every 2 to 3 weeks. Vincristine 1.4 mg/m2 was ad-

ministered on the first day of each cycle, and procarbazine 100 

mg/m2 was administered orally for 7 days on 1st, 3rd, and 5th cy-

cles. Since 2014, the additional use of rituximab became routine. 

Twenty patients were treated with rituximab (R-MVP [rituximab, 

methotrexate, procarbazine, and vincristine] regimen) and most of 

them started treatment from 2014. After completion of radiother-

apy, consolidation cytarabine was added to 27 patients (30.7%), 

and most of them were treated from 2011. Because additional pa-

tients underwent rdWBRT subsequently, a higher ratio of patients 

was treated with rituximab or post-radiation cytarabine, as shown 

in Table 1. Three patients (3.4%) underwent concurrent chemo-

therapy with temozolomide, and 16 patients (18.2%) with positive 

cerebrospinal fluid (CSF) cytology or suspicious leptomeningeal in-

volvement were treated with intrathecal methotrexate. 

3. Radiotherapy 
Radiotherapy started 3 to 6 weeks after HD-MTX chemotherapy. 

Doses to the whole brain and tumor bed were mainly based on ra-

diological response to upfront chemotherapy. As shown in Table 2, 

the whole brain dose or total dose was lower (p < 0.05) in the rd-

WBRT group for each category of responses (complete response 

[CR], partial response [PR], or stable disease/progressive disease [SD/

PD]) to upfront chemotherapy. The proportion of patients who re-

ceived rdWBRT was definitely higher than those treated prior to 

2011 (Fig. 1); only 3 (5.8%) among 52 patients were treated before 

2011 while 17 (47%) among 36 patients were treated subsequently. 

A three-dimensional conformal therapy (3D-CRT) based on con-

ventional fractionation of daily 1.8 Gy of 4–6 MV X-rays was ad-

ministered to 65 patients (73.9%), intensity-modulated radiother-

apy (IMRT) was provided to 14 patients (15.9%) since late 2014. 

One patient underwent WBRT as 3D-CRT then tumor bed boost as 
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month after radiotherapy, and at every subsequent follow-up. Con-

trast-enhanced magnetic resonance with or without fluid-attenu-

ated inversion recovery (FLAIR), diffusion-, perfusion- or suscepti-

bility-weighted image (SWI) was administered. Response was eval-

uated according to international response criteria for PCNSL [9]. 

Neurotoxicity was evaluated via retrospective analysis of medi-

cal records. To exclude disease-related effects, patients who 

achieved CR within the follow-up period were included in this 

toxicity analyses. Treatment-related neurotoxicity was defined as 

occurrence of grade 2 or higher cognitive disruption, memory im-

pairment or dysarthria after completion of radiotherapy. The neu-

rotoxicity was graded by the Common Terminology Criteria for 

Adverse Events (CTCAE) ver. 5.0.  

5. Endpoints and statistical analysis  
The study endpoints were OS, PFS, and freedom from neurotoxicity 

(FFNT), which were calculated by Kaplan-Meier method. OS and 

DFS were measured from the date of biopsy or resection for histo-

logical diagnosis, for each defined event. The OS event was de-

fined as death of the patient, and the PFS event was defined as 

disease progression or death. To measure FFNT, time to occurrence 

of neurotoxicity was calculated from the completion of radiother-

apy and censored at the date of last follow-up or the event. The 

log-rank test was conducted to compare treatment outcomes and 

toxicity profiles of different treatment groups. Chi-square test 

were performed to determine differences between categorical val-

ues, while Student t-test was used for continuous values. Multi-

variate Cox proportional hazards model was constructed by in-

cluding variables considered as potential independent predictors (p 

<  0.05) based on univariate analysis. Treatment group according 

to WBRT dose was always included in multivariate analysis, since 

this factor was mainly evaluated in this study. Univariate and mul-

tivariate Cox analyses included variables, such as prognostic and 

treatment-related factors, which showed differences between 

treatment groups. All of the statistical analyses were performed 

using R 3.6.0 (https://www.R-project.org/).

Results 

1. Response 
CR after HD-MTX based chemotherapy was observed in 36 (40.9%) 

of all patients (n =  88), in 61 (69.3%) patients 1 month after 

completion of radiotherapy, and in 75 (85.2%) patients during the 

overall follow-up eventually. 

2. Survival analysis 
The 3- and 5-year OS rates were 64.8% and 52.9% for all the pa-

tients, respectively; 70.0% and 64.2% for rdWBRT, respectively, 

compared with 63.2% and 50.6% for hdWBRT, respectively. The 

OS differences between the two treatment groups were not sta-

tistically significant (p =  0.77). Univariate Cox analysis revealed 

age (<60 vs. ≥60 years), involvement of deep structures, dose of 

methotrexate, number of HD-MTX cycles, administration of post-

operative cytarabine, and CR after radiotherapy as potential inde-

pendent predictors. In multivariate Cox analysis, age (p =  0.0014), 

involvement of deep structure (p =  0.017), and CR within fol-

low-up period (p =  0.00048) were associated with OS, whereas 

treatment group by WBRT dose was not. 

The 3- and 5-year PFS rates were 46.9% and 32.6% for all the 

patients, respectively; 48.9% and 15.3% with rdWBRT, respective-

ly, and 46.4% and 35.2% with hdWBRT, respectively. No signifi-

cant differences in PFS were found between the two groups (p =  

0.80). The 5-year PFS for rdWBRT group might appear to be low; 

however, the 5-year number at risk was 1, so this rate is not rep-

resentative. Age, involvement of deep structures, and CR within 

the follow-up period were potential independent predictors in 

univariate Cox analysis. Age (p =  0.013) and CR within the fol-

low-up period (p =  0.00022) were associated with PFS in multi-

variate analysis. Treatment group based on WBRT dose was not 

associated with PFS. The OS and PFS based on WBRT doses in all 

the patients are presented in Fig. 2. 

The patterns of failure did not differ by treatment groups. In the 

hdWBRT group, 35 (51.5%) showed in-brain recurrence, which in-

cluded 23 (33.8%) cases of recurrence in irradiated tumor bed. 

CSF failure was detected in 10 (14.7%) cases, and 13 (19.1%) 

showed distant recurrence. In the rdWBRT group, 11 (55.0%) had 

in-brain recurrence, and 5 (25.0%) failed in irradiated tumor bed; 

3 cases (15.0%) showed CSF failure, and 4 (20.0%) had distant re-

currence. There was no significant difference between two groups 

(p >  0.05) 

The effect of WBRT dose on survival of PR patients after che-

motherapy was analyzed. Among 45 patients (51.1%) with PR, 9 

underwent rdWBRT while 36 underwent hdWBRT. In the rdWBRT 

group, 3- and 5-year OS rates were 77.8% and 77.8%, respective-

ly, and in the hdWBRT group, the rates were 58.3% and 40.0%, 

respectively. The OS difference was not significant (p =  0.33). In 

terms of PFS, 3- and 5-year rates were 53.3% and 20.0%, respec-

tively, in the rdWBRT group, and were 45.8% and 29.6% with 

hdWBRT. These differences in PFS between the two groups were 

not significant (p =  0.94). The survival patterns of PR patients 

based on WBRT dose are shown in Fig. 3. 

Treatment outcomes according to post-radiation cytarabine 

were also evaluated. For 27 patients with post-radiation cytara-

bine, the 3- and 5-year OS rates were 77.8% and 56.0%, respec-
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Fig. 2. Overall survival (A) and progression-free survival (B) of patients, based on dosage of whole-brain radiotherapy.

Fig. 3. Overall survival (A) and progression-free survival (B) of patients who achieved partial response, by dose of whole-brain radiotherapy.
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tively; and the 3- and 5-year PFS rates were 59.0% and 30.7%, 

respectively. In the remaining 61 patients, the 3- and 5-year OS 

rates were 59.0% and 50.4%, respectively; and the 3-and 5-year 

PFS rates were 41.8% and 32.7%, respectively. A marginally sig-

nificant difference was observed in OS (p =  0.083) but not in PFS 

(p =  0.38) between the two groups. 

3. Neurotoxicity 
As previously stated, a total of 75 patients eventually achieved CR 

within the follow-up period, and these patients were included in 

neurotoxicity analyses. The 3-year FFNT rate was 69.7%. At the 

time of diagnosis, 45 patients were younger than age 60 years 

whereas 30 patients were not. The 3-year FFNT rate was 77.3% in 

the young ( <60 years) and 55.6% in the older patients (p =  

0.081). Fig. 4 shows Kaplan-Meier curves of FFNT rates by the age 

of 60 years. 

Among patients included in neurotoxicity analyses, 18 patients 

were included in the rdWBRT group, and 57 were in the hdWBRT 

group. The 3-year FFNT rate was 94.1% for rdWBRT group and 

62.4% for hdWBRT group (p =  0.33). Univariate Cox analysis re-

vealed that age, sex, multifocal involvement, involvement of deep 

structures, and methotrexate dose were potential independent 

predictors, but only age (hazard ratio=1.05; 95% confidence in-

terval, 1.00–1.11; p =  0.038) showed significant association in 

multivariate analysis. 

Among the young (<60 years), the 3-year FFNT rate was 100% 

for rdWBRT group and 72.1% in the hdWBRT group (p =  0.14). No 

neurotoxicity was reported within the follow-up period in younger 

patients who underwent rdWBRT. Among the old (≥60 years), the 

3-year FFNT rate was 87.5% in the rdWBRT group and 39.1% in 

the hdWBRT group (p =  0.49). Fig. 5 shows Kaplan-Meier curves 

of FFNT rates by WBRT dose. 

Discussion and Conclusion 

The present retrospective study revealed that reduced radiation 

dose administered to the whole brain and the primary tumor bed 

after upfront MTX-based chemotherapy resulted in OS and PFS 

rates similar to hdWBRT, and less neurotoxicity especially in pa-

tients younger than age 60 years. As there are no differences in 

treatment outcomes between rdWBRT and hdWBRT, radiotherapy 

with dose reduction is safe and feasible. 

Our previous report demonstrated that HD-MTX-based chemo-

therapy followed by low-dose WBRT with tumor bed boost was an 

effective strategy for treatment of PCNSL [2]. Other groups also 

evaluated the efficacy of this strategy in patients who achieved 

CR after chemotherapy. Shah et al. [10] conducted a prospective 

trial to examine the effectiveness of dose reduction in WBRT with 

HD-MTX-based chemotherapy. Among 30 patients enrolled in the 

trial, 21 achieved CR after chemotherapy and 19 received WBRT 

with a dose of 23.4 Gy. This group reported 2-year OS and PFS 

rates of 67% and 57%, respectively. In patients undergoing rdW-

BRT, the 2-year OS and PFS rates were 89% and 79%, respectively. 

Prospective evaluation of neurotoxicity revealed no treatment-re-

lated toxicity. The same group, Morris et al. [6], published their re-

sults of next phase of this trial. A total of 52 patients were re-

cruited, and 31 patients achieved CR after initial chemotherapy. 

These patients underwent rdWBRT with a dose of 23.4 Gy. The 

2-year PFS in this group was 77%, and the 5-year OS was 80%. 

Prospective cognitive evaluation revealed no functional decline 

after radiotherapy except in motor speed. Based on these results, 

the randomized RTOG 1114 study is evaluating the efficacy of rd-

WBRT by comparing chemoradiation with chemotherapy alone.  

There was another attempt to reduce the dose of WBRT ended 

in failure. Bessell et al. [11] reported the results of prospective trial 

to reduce the dose of WBRT to 30.6 Gy in patients who achieved 

CR after chemotherapy. Chemotherapy regimens used in the trial 

consisted of cyclophosphamide, doxorubicin, vincristine and dexa-

methasone (CHOD)/carmustine, vincristine, methotrexate and cy-

tarabine (BVAM). These regimens were not HD-MTX based, as 

CHOD regimen did not include methotrexate, and BVAM regimen 
Fig. 4. Freedom from neurotoxicity rates, by age.
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included a methotrexate dose of 1.5 g/m2, which was substantial-

ly lower than the HD-MTX regimen currently used [12]. Among 

patients who were younger than 60 years and achieved CR after 

all the therapy, the 3-year OS was 92% in those exposed to 45 Gy 

of WBRT, while the rate was 60% in those treated with 30.6 Gy of 

WBRT, and this difference were statistically significant (p =  0.04). 

Because of the differences in chemotherapy regimen, the result 

should be interpreted with caution. 

Nevertheless, there is already a tendency toward dose reduction 

in WBRT. As stated before, Koh et al. [7] conducted a multi-insti-

tutional retrospective study using decreased WBRT dose over time. 

In 2000, most patients included in the study underwent WBRT 

with a dose exceeding 40 Gy; however, in 2010 nearly 25% of pa-

tients underwent WBRT with a dose lower than 30 Gy. This trend 

was also observed the present study, including a higher number of 

recent patients in rdWBRT group than the other groups. 

The present study showed the possibility of rdWBRT with tumor 

bed boost in patients who achieved PR after chemotherapy with-

out increasing the risk of relapse, as there was no difference in 

treatment outcomes based on WBRT dose. Similar to this study, 

other studies investigating WBRT dose reduction in patients who 

achieved non-CR after chemotherapy. Park et al. [13] retrospec-

tively reviewed data of 62 patients aged younger than 60 years, 

and histologically confirmed diffuse B-cell lymphoma in CNS. 

Among these patients, 20 achieved partial response after chemo-

therapy and 17 underwent WBRT. Five patients were treated with 

36 Gy of WBRT, while 12 were treated with 45 Gy. Three patients 

received a focal boost. The 3-year OS of patients in the 36 Gy and 

45 Gy groups was 100% and 83.3%, respectively, with no signifi-

cant difference in treatment outcomes based on WBRT dose. Sheu 

et al. [14] retrospectively investigated the records of 22 patients 

who underwent WBRT after HD-MTX-based chemotherapy for 

PCNSL. Patients who achieved CR or PR after chemotherapy were 

treated with a median dose 23.4 Gy of WBRT, while patients who 

had SD or PD, the median dose was 30.6 Gy. Eight non-CR patients 

received sequential radiation boost. There was no difference be-

tween CR and PR groups in terms of OS and freedom from CNS 

relapse rate. Together with the present study, these results show 

the possibility of wider usage of rdWBRT in PCNSL treatment. 

Nevertheless, several aspects of dose reduction strategy involv-

ing WBRT remain to be addressed in the absence of consensus re-

garding the exact limit of low-dose WBRT associated with safety 

and efficacy [15]. Further, only a small number of patients under-

went prospective neurocognitive tests in previous trials. For in-

Fig. 5. Freedom from neurotoxicity by dose of whole-brain radiotherapy, patients with age older than or equal to 60 years (A) and younger than 
60 years (B).
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stance, in phase II trial of Morris et al. [6], only 12 patients were 

included in neurocognitive function analysis. Concerns about de-

layed neurotoxicity in rdWBRT remain to be addressed [16]. These 

issues will be addressed in further follow-up and ongoing trials 

such as RTOG 1114. 

Neuronal damage of hippocampus due to radiation is known to 

be related to CNS toxicity [17]. Initially, hippocampus-sparing 

WBRT (hsWBRT) was applied for brain metastases, and clinical 

data showed that avoidance of hippocampus preserved memory 

function [18]. Using volumetric arc therapy (VMAT), one of the 

variations of IMRT, hsWBRT can be delivered safely and effectively 

[19]. In this study, 9 patients underwent unilateral or bilateral 

hsWBRT, in the absence of disease involvement near hippocampus, 

which resulted in comparable treatment outcomes. The 3-year OS 

and PFS rates of these patients were 77.8% and 55.6%, respec-

tively, and 3-year FFNT rate was 87.5%. The feasibility of hsWBRT 

for PCNSL cannot be determined based on this study alone. Addi-

tional studies with a larger number of patients and longer fol-

low-up periods may show lower rates of neurotoxicity rate as well 

as demonstrate the effectiveness of this approach.  

As previously stated, elderly patients (≥60 years) are vulnerable 

to neurotoxicity induced by WBRT. A few clinicians insist that al-

though G-PCNSL-SG-1 trial failed to demonstrate the non-inferi-

ority of completely omitting radiotherapy, it also showed a low 

clinical benefit of radiotherapy [3,20], as there was no significant 

difference in OS. Therefore, due to the risk of neurotoxicity in el-

derly patients, clinicians often omit radiotherapy in these settings 

[21]. The detrimental effect of WBRT is clear; however, currently 

there is no clear evidence supporting the omission of radiotherapy 

without compromising clinical outcomes. Also, a recent me-

ta-analysis showed that WBRT improved clinical outcomes in el-

derly patients unlike more aggressive chemotherapy [22]. Another 

consolidation strategy without compromising cognitive function 

involves autologous stem cell transplantation [4,5]; however, el-

derly patients are not always amenable to this approach due to 

comorbidities and hematologic toxicity. Instead, rdWBRT may be 

indicated, as it ensures clinical outcomes with less neurotoxicity. 

Further reduction of WBRT dose or involved-field radiotherapy 

alone might be feasible for elderly patients. Shibamoto et al. [23] 

showed that partial brain irradiation with generous margins might 

be effective, and advances in imaging and radiation techniques 

may facilitate this strategy. These approaches are currently under 

investigation. 

Although the rates were lower than in elderly patients, reports 

suggest modest incidence of delayed neurotoxicity in young (<60 

years) patients exposed to WBRT [24]. Autologous stem cell trans-

plantation was implemented due to the risk of long-term neuro-

toxicity associated with WBRT. Due to the high rates of toxicity 

associated with intense chemotherapy, fit and young patients 

were subjected to this approach. For instance, the inclusion crite-

ria of PRECIS trial stated that patients with age 18 to 60 were eli-

gible [5]. While this trial showed excellent treatment outcomes 

and neurotoxicity profile in selected patients, 5 patients died after 

intense chemotherapy due to toxicity. Even though further evalu-

ation is needed, this study reported no neurotoxicity in young pa-

tients within the follow-up period. Based on a risk-benefit analy-

sis, rdWBRT might be appropriate for patients aged younger than 

60 years. 

One of the major limitations of this study is the retrospective 

nature of neurocognitive function assessment, as this study relies 

solely on review of medical records. Unreported or undetected 

treatment-related neurotoxicity might lead to overestimation of 

FFNT rate in this study. Also, due to the constant progression in 

treatment strategy of PCNSL, applied treatments were changed 

during the study period. In addition, concerns of potential bias ex-

isted due to unbalanced treatment between different groups 

based on WBRT dose. Despite these limitations, this study is still 

informative considering the relative rarity of the disease, the de-

cent number of patients evaluated, and relatively consistent ra-

diotherapy over the study period. 

In conclusion, rdWBRT with tumor bed boost combined with 

upfront HD-MTX is less neurotoxic and results in effective survival 

as higher-dose radiotherapy even in PR after chemotherapy. Treat-

ment with rdWBRT (≤23.4 Gy) combined with HD-MTX showed 

no statistically significant difference compared with hdWBRT in 

terms of OS and PFS. Also, patients aged younger than 60 years 

and exposed to rdWBRT did not show neurotoxicity in present 

study, which indicates that these group of patients might benefit 

from rdWBRT. 
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Purpose: To evaluate the necessity of regional nodal irradiation (RNI) for pT1-2N1 breast cancer pa-
tients treated with breast-conserving surgery and radiotherapy, we compared clinical outcomes of 
patients treated with and without RNI. 
Materials and Methods: We retrospectively analyzed the data of 214 pT1-2N1 breast cancer patients 
treated with breast-conserving surgery and whole breast irradiation from 2007–2016. There were 142 
(66.4%), 51 (23.85%), and 21 (9.8%) patients with one, two, and three positive lymph nodes, respec-
tively. Thirty-six patients (16.8%) underwent RNI. Adjuvant chemotherapy, endocrine therapy, and 
anti-HER2 therapy were given to 91.6%, 79.0%, and 15.0% patients, respectively. The most common 
chemotherapy regimen was anthracycline + cyclophosphamide, followed by taxane (76.5%). The me-
dian follow-up was 64 months (range, 6 to 147 months). Patients were propensity matched 1:2 into 
RNI and no-RNI groups. 
Results: Two patients experienced locoregional recurrences simultaneously with distant metastases, 
ten patients developed distant metastases, and one patient died. Before matching, the 5-year actuar-
ial locoregional control (LRC), distant metastasis-free survival (DMFS), and overall survival (OS) rates 
in the RNI and no-RNI groups were 100.0% and 99.4% (p = 0.629), 94.1% and 96.0% (p = 0.676), 
and 100.0% and 99.4% (p = 0.658), respectively. After matching, the 5-year LRC, DMFS, and OS were 
98.3% and 100.0% (p = 0.455), 96.6% and 93.9% (p = 0.557), and 100.0% and 100.0% (p > 0.999) 
in the RNI and no-RNI groups, respectively. No clinicopathologic or treatment-related factors were 
significantly associated with LRC, DMFS, or OS. 
Conclusion: Adding RNI did not show superior LRC, DMFS, or OS in pT1-2N1 breast cancer patients. 
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Introduction 

Breast cancer is the most common cancer among women both 

worldwide and in Korea [1,2]. It is also the most common cause of 

cancer-related deaths worldwide women and the 6th most common 

cause of cancer-related deaths among Korean women. In 2016, the 

age-standardized ratio for breast cancer incidence and cancer-re-

lated deaths was 54.9 and 9.6 per 100,000, respectively, in Korea [2]. 

In contrast to the increasing incidence in Korea, globally, the 

overall locoregional recurrence (LRR) rate of breast cancer has de-

creased substantially over the recent decades [3-5]. Meanwhile, 

breast-conserving surgery with breast radiotherapy has been the 

standard treatment for women with early-stage breast cancer. 

Compared with breast-conserving surgery alone, adjuvant radio-

therapy following breast-conserving surgery has been proven to 

enhance locoregional control (LRC) and prolong survival in multi-

ple randomized controlled trials [6-10]. 

Although it is known that adjuvant radiotherapy for breast can-

cer plays an important role in patients who have undergone 

breast-conserving surgery, the necessity of elective regional nodal 
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irradiation (RNI) for patients with one to three positive nodes re-

mains controversial. The National Comprehensive Cancer Network 

(NCCN) guidelines strongly recommend RNI even for pN1 patients 

[11]. Two randomized clinical trials published in 2015 showed the 

effectiveness of RNI in patients with early-stage breast cancer 

who underwent breast-conserving surgery [12,13]. However, these 

studies included patients who were treated between 1996 and 

2007. Since then, diagnostic and therapeutic paradigms for breast 

cancer have evolved significantly. Consequently, the role of elec-

tive RNI is still questioned because it may increase radiation-asso-

ciated morbidity. With this background, we analyzed the clinical 

outcomes of patients with pT1-2N1 breast cancer who underwent 

breast-conserving surgery and adjuvant breast irradiation with or 

without elective RNI. 

Materials and Methods 

1. Patients 
We retrospectively reviewed the medical records of 436 consecu-

tive patients who had pathologically proven breast cancer with a 

≤5 cm tumor and one to three positive axillary lymph nodes at 

our institution between 2007 and 2016. The Institutional Review 

Board of Kyungpook National University Chilgok Hospital approved 

this study and provided a waiver of consent (No. 2018-03-018).  

Of 436 patients, 231 and 205 underwent breast-conserving sur-

gery and mastectomy, respectively. From the 231 patients treated 

with breast-conserving surgery, we excluded patients who refused 

adjuvant breast radiotherapy (n =  8) or were followed-up for a 

short duration (<6 months) after surgery (n =  9). Finally, 214 pa-

tients were included in the analysis (Fig. 1). 

Patient, tumor, and treatment characteristics for the 214 pa-

tients are listed in Table 1. The median age was 49 years (range, 

29 to 78 years). The median follow-up period was 64 months 

(range, 6 to 147 months). Tumor size was ≤2 cm in 140 patients 

(65.4%) and 2–5 cm in 74 patients (34.6%). Lymphovascular inva-

sion and extracapsular extension were observed in 86 (40.6%) and 

5 patients (2.3%), respectively. There were 142 (66.4%), 51 

(23.85%), and 21 (9.8%) patients with one, two, and three positive 

lymph nodes, respectively. Molecular subtypes were luminal A, lu-

minal B, human epidermal growth factor receptor 2 (HER2), and 

basal type in 90 (42.1%), 74 (34.6%), 11 (5.1%), and 39 (18.2%) 

patients, respectively. The expression of estrogen receptor (ER), 

progesterone receptor (PR), HER2, and Ki-67 was scored based on 

the American Society of Clinical Oncology (ASCO)/College of 

American Pathologists (CAP) guidelines [14,15]. Molecular sub-

types were categorized as follows: (1) luminal A: either ER or PR 

positive, HER2 negative, and Ki-67 <14%; (2) luminal B: either ER 

or PR positive, and either HER2 positive or HER2 negative with Ki-

67 ≥14%; (3) HER2: ER and PR negative and HER2 positive; and 

(4) basal: ER, PR, and HER2 negative [16].  

2. Treatments  
All patients underwent breast conserving surgery and sentinel 

lymph node biopsy. Subsequent axillary lymph node dissection 

(ALND) was performed when the patient agreed to the procedure. 

The extent of ALND included level I and II axillary lymph nodes. 

The median number of removed axillary lymph nodes was 9 (range, 

1 to 35). 

The median dose of adjuvant radiotherapy for the ipsilateral 

whole breast was 50.4 Gy (range, 50 to 50.4 Gy). The median tu-

mor bed boost dose was 10 Gy (range, 10 to 16 Gy). In patients 

who received ALND, the axillary region was not included in the 

clinical target volume (CTV), whereas the CTV included level I and 

II axilla in patients who did not receive ALND. The implementation 

of RNI was discussed by a multidisciplinary breast cancer team for 

every patient while considering risk factors for LRR, such as lym-

phovascular invasion, three involved axillary lymph nodes, or level 

II or III axillary lymph node involvement; only then was it finally 

decided at the discretion of the treating radiation oncologist [17-

19]. The CTV for RNI generally included supraclavicular fossa, but 

the internal mammary nodal region was also considered to be in-

Breast cancer (n=436)
Tumor size ≤5 cm
One to three positive lymph nodes
Adjuvant radiotherapy
Years of surgery: 2007 to 2016 

Excluded (n=222)
Mastectomy (n=205)
No adjuvant radiotherapy (n=8)
Folliw-up duration <6 months (n=9)

Patients included in the analysis
(n=214)

RNI
(n=36)

RNI
(n=35)

No RNI
(n=178)

No RNI
(n=62)

1:2 propensity score matching

Fig. 1. Selection criteria. RNI, regional nodal irradiation.

45https://doi.org/10.3857/roj.2019.00647

RNI in N1 breast cancer



Table 1. Comparison of baseline variables between the no-RNI and RNI groups in the original and matched datasets in the ratio 1:2

Characteristic
Original dataset Matched dataset

No RNI (n =  178) RNI (n =  36) p-valuea) No RNI (n =  62) RNI (n =  35) p-valuea)

Age (yr) 0.581 0.317
 ≤50 96 (53.9) 17 (47.2) 38 (61.3) 17 (48.6)
 >50 82 (46.1) 19 (52.8) 24 (38.7) 18 (51.4)
Pathology 1.000b) 1.000b)

 IDC 170 (95.5) 35 (97.2) 61 (98.4) 34 (97.1)
 Others 8 (4.5) 1 (2.78) 1 (1.61) 1 (2.86)
Tumor size (cm) 0.002 0.537
 ≤2 125 (70.2) 15 (41.7) 32 (51.6) 15 (42.9)
 2–5 53 (29.8) 21 (58.3) 30 (48.4) 20 (57.1)
Histologic grade 0.677 0.887
 1–2 123 (69.1) 23 (63.9) 43 (69.4) 23 (65.7)
 3 55 (30.9) 13 (36.1) 19 (30.6) 12 (34.3)
Nuclear grade 0.438 0.607
 1–2 92 (57.5) 17 (48.6) 33 (57.9) 17 (50.0)
 3 68 (42.5) 18 (51.4) 24 (42.1) 17 (50.0)
ER status 0.805 0.909
 Positive 135 (75.8) 26 (72.2) 44 (71.0) 26 (74.3)
 Negative 43 (24.2) 10 (27.8) 18 (29.0) 9 (25.7)
PR status 0.179 0.477
 Positive 127 (71.3) 21 (58.3) 43 (69.4) 21 (60.0)
 Negative 51 (28.7) 15 (41.7) 19 (30.6) 14 (40.0)
HER2 status 0.288 >0.999
 Positive 42 (23.6) 5 (13.9) 10 (16.1) 5 (14.3)
 Negative 136 (76.4) 31 (86.1) 52 (83.9) 30 (85.7)
Ki-67 (%) 0.994 0.629
 <14 74 (49.0) 17 (47.2) 20 (40.8) 17 (48.6)
 ≥14 77 (51.0) 19 (52.8) 29 (59.2) 18 (51.4)
Molecular subtype 0.328 0.498
 Luminal A 78 (43.8) 12 (33.3) 27 (43.5) 12 (34.3)
 Non-luminal A 100 (56.2) 24 (66.7) 35 (56.5) 23 (65.7)
Lymphovascular invasion <0.001 0.619
 Present 61 (34.3) 25 (69.4) 38 (61.3) 24 (68.6)
 None 117 (65.7) 11 (30.6) 24 (38.7) 11 (31.4)
Extracapsular extension 0.198b) 0.618
 Present 3 (1.69) 2 (5.56) 2 (3.23) 2 (5.71)
 None 175 (98.3) 34 (94.4) 60 (96.8) 33 (94.3)
No. of positive LNs <0.001 >0.999
 1 127 (71.3) 14 (38.9) 24 (38.7) 14 (40.0)
 2–3 51 (28.7) 22 (61.1) 38 (61.3) 21 (60.0)
Adjuvant chemotherapy 1.000b) 0.348b)

 Yes 163 (91.6) 33 (91.7) 60 (96.8) 32 (91.4)
 No 15 (8.43) 3 (8.33) 2 (3.23) 3 (8.57)
Anti-hormonal therapy 0.387 0.636
 Yes 143 (80.3) 26 (72.2) 50 (80.6) 25 (71.4)
 No 35 (19.7) 10 (27.8) 12 (19.4) 10 (28.6)
Anti-HER2 therapy 0.647 >0.999b)

 Yes 27 (15.8) 4 (11.1) 6 (9.84) 4 (11.4)
 No 144 (84.2) 32 (88.9) 55 (90.2) 31 (88.6)
Axillary surgery 0.005b) <0.001
 Sentinel node biopsy 63 20 15 19
 Axillary node sampling 108 12 45 12
 Axillary node dissection 7 4 2 4

Values are presented as number (%).
RNI, regional nodal irradiation; IDC, invasive ductal carcinoma; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2; LN, lymph node.
a)χ2 test, b)Fisher exact test.
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cluded in patients with medial breast cancer. Elective RNI to the 

supraclavicular fossa or internal mammary region was performed 

for 36 patients (16.8%): supraclavicular irradiation for 34 patients 

and supraclavicular combined with internal mammary irradiation 

for 2 patients. After breast-conserving surgery and adjuvant radio-

therapy, adjuvant chemotherapy, anti- hormonal therapy, and an-

ti-HER2 therapy were given to 196 (91.6%), 169 (79.0%), and 31 

(15.0%) patients, respectively. The most common chemotherapy 

regimen was anthracycline + cyclophosphamide, followed by tax-

ane (n =  150, 76.5%). 

We defined two treatment groups: the no-RNI and RNI groups. 

The former included patients who received whole-breast irradia-

tion only, and the latter included patients who received whole-

breast irradiation plus elective RNI to their supraclavicular fossa or 

internal mammary region. In the original dataset, there were sig-

nificant differences in tumor size, lymphovascular invasion, and 

the number of positive lymph nodes between the no-RNI and RNI 

groups (Table 1). Patients in the RNI group were more likely to 

have lymphovascular invasion, two to three positive lymph nodes, 

and tumors larger than 2 cm in diameter. 

3. Propensity score matching 
To balance the imbalanced covariates between the RNI and no-

RNI groups, we matched the treatment groups using propensity 

score analysis. The propensity score was estimated as the predict-

ed probability of a patient being in the RNI group from a logistic 

regression model. The propensity score model included tumor size, 

lymphovascular invasion, and the number of positive lymph nodes. 

Patients were propensity matched 1:2 into RNI and no-RNI groups 

using the nearest-neighbor method with a caliper width of 0.1 

(maximum allowable difference in propensity scores). Thirty-five 

patients from the RNI group were matched with 62 patients from 

the no-RNI group. The balance in the covariates in the matched 

data was examined using standardized differences. The distribu-

tion of baseline variables was balanced in the matched dataset 

(Table 1). The largest standardized difference was 0.087 in the 

matched dataset. 

4. Statistical analysis 
Potential categorical confounding variables between treatment 

groups were compared using the χ2 test or Fisher exact test. The 

primary endpoint of this study was to compare the LRC rates in 

the RNI and no-RNI groups. The secondary endpoints were to 

compare the groups in terms of distant metastasis risk and overall 

survival (OS). LRR was defined as an ipsilateral chest wall recur-

rence or recurrence involving at least one ipsilateral axillary lymph 

node, internal mammary lymph node, or supraclavicular lymph 

node. Distant metastasis was defined as metastasis to any distant 

site. Disease-free survival (DFS) was defined as the interval be-

tween surgery and any disease recurrence or death from any 

cause. All endpoints were calculated from the date of breast-con-

serving surgery and were estimated using the Kaplan-Meier meth-

od. Statistical differences were compared using the log-rank test 

in a univariate analysis. Multivariate analysis using Cox propor-

tional hazard modeling was performed to identify independent 

predictors among the prognostic factors. p-values <0.05 were 

considered statistically significant. All statistical analyses were 

performed using R statistical software version 3.5.1 (The R Project, 

Vienna, Austria; http://www.R-project.org). Matching was pro-

cessed using the MatchIt package [20,21]. 

Results 

1. Locoregional recurrence 
No patient developed isolated LRR during follow-up. Two patients 

(0.1%) experienced LRR simultaneously with distant metastasis 

Table 2. Incidence of lymphedema and radiation pneumonitis

Original dataset Matched dataset
No RNI (n =  178) RNI (n =  36) p-value No RNI (n =  62) RNI (n =  35) p-value

Lymphedemaa) 0.770b) 0.700b)

 Yes 17 (9.6) 3 (8.3) 4 (6.5) 3 (8.6)
  Stage 0 13 (7.3) 2 (5.6) 1 (2.9) 2 (5.7)
  Stage 1 4 (2.2) 1 (2.8) 3 (5.7) 1 (2.9)
 No 161 (90.4) 33 (91.7) 58 (93.5) 32 (91.4)
Radiologic lung density change on CT 0.014c) 0.106c)

 Yes 71 (39.9) 23 (63.9) 27 (43.5) 22 (62.9)
 No 107 (60.1) 13 (36.1) 35 (56.5) 13 (37.1)

Values are presented as number (%).
RNI, regional nodal irradiation; CT, computed tomography.
a)According to the International Society of Lymphology staging system [16], b)Fisher exact test, c)χ2 test.
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(Table 2). One patient initially had a 21-mm invasive ductal carci-

noma with metastasis to one axillary lymph node. She developed 

metastases in level III axillary lymph nodes and supraclavicular 

lymph nodes at 36 months after surgery. The other patient who 

experienced LRR initially had a 20-mm invasive ductal carcinoma 

with metastasis to one axillary lymph node; LRR involved the su-

praclavicular lymph nodes at 71 postoperative months. Both pa-

tients were diagnosed with concurrent distant metastasis and LRR. 

The 5-year actuarial LRC rates were 100.0% and 99.4% in the RNI 

and no-RNI groups, respectively (p =  0.629) (Fig. 2A). No clinico-

pathologic or treatment factors were found to impact LRC in ei-

ther univariate or multivariate analyses. 

2. Distant metastasis-free survival 
Eight patients developed isolated distant metastasis, and 2 pa-

tients had concurrent distant metastasis and LRR. The median 

time to distant metastasis was 25.8 months (range, 7 to 71 

months). The sites of distant metastasis were the liver in 3 pa-

tients, bone in 2 patients, lung in 2 patients, and multiple sites in 

3 patients. The 5-year actuarial distant metastasis-free survival 

(DMFS) rates were 94.1% and 96.0% in the RNI and no-RNI 

groups, respectively (p =  0.676) (Fig. 2B). In univariate and multi-

variate analyses, there were no clinicopathologic or treatment 

factors significantly associated with DMFS. 

3. Overall survival 
One patient (0.5%) died during the follow-up period. The cause of 

death was chemotherapy-related pneumonia during the last 

planned adjuvant chemotherapy cycle of taxane and cyclophos-

phamide. The 5-year actuarial OS rates were 100.0% and 99.4% 

in the RNI and no-RNI groups, respectively (p =  0.658) (Fig. 2C). 

There were no clinicopathologic or treatment factors associated 

with OS in univariate and multivariate analyses. 

4. LRC, DMFS, and OS after matching 
In the propensity score-matched dataset, there were no significant 

differences between the RNI and no-RNI groups in terms of LRC, 

DMFS, and OS (Fig. 3). The LRC, DMFS, and OS rates of no-RNI and 

RNI groups at 5 years were 98.3% and 100.0% (p =  0.455), 

96.6% and 93.9% (p =  0.557), and 100.0% and 100.0% (p >  

0.999), respectively. No clinicopathologic or treatment factors 

were significantly associated with LRC, DMFS, or OS in univariate 

and multivariate analyses. 

5. Treatment-related toxicity 
Lymphedema developed in 20 patients (9.3%): 15 were stage 0, 

and 5 were stage 1, according to the International Society of Lym-

phology staging system [22]. There were no significant differences 

in the incidence of lymphedema between the no-RNI and RNI 

groups (Table 2). 

No patient developed symptomatic radiation pneumonitis. 

However, radiologic lung density changes on computed tomogra-

phy at 4–24 weeks after radiotherapy were observed in 94 pa-

tients (43.9%). These radiologic abnormalities included ground-

glass opacities, patchy consolidation, and lung fibrosis in the irra-

diated lung fields. The incidence of radiologic lung density changes 

Fig. 2. Kaplan–Meier curves for (A) locoregional control, (B) distant metastasis-free survival, and (C) overall survival for all 214 patients in the 
original dataset. RNI, regional nodal irradiation.
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was significantly higher in the RNI group than in the no-RNI 

group (63.9% vs. 39.9%, respectively; p =  0.014) (Table 2). After 

propensity score matching, the RNI group showed higher inci-

dence of radiation pneumonitis than the no-RNI group (62.9% vs. 

43.5%, respectively); however, the difference was not statistically 

significant (p =  0.106) (Table 2). 

Discussion and Conclusion 

The results of this study suggest that patients who underwent 

elective RNI do not exhibit improved LRC, DMFS, or OS compared 

with patients who underwent whole-breast irradiation without 

elective RNI. With a median follow-up period of 64 months, only 

2 patients out of 214 included patients had LRR. 

Our results seem to contradict the results of two randomized 

controlled trials, which suggested that adding RNI to whole-breast 

irradiation improves DFS in patients with early-stage breast can-

cer. The National Cancer Institute of Canada Clinical Trial group 

(MA.20 NCI-C) [23] showed that elective RNI was associated with 

superior DFS but not with OS. These results were consistent with 

the results of the European Organization for Research and Treat-

ment of Cancer (EORTC) 22922-10925 trial [13], which showed 

that elective RNI was associated with superior DFS and DMFS. 

These results suggested that adding elective RNI to whole-breast 

irradiation is necessary to reduce LRR and increase DFS in 

breast-conserved patients with early breast cancer. 

Conversely, several retrospective series have favored forgoing 

RNI for pN1 breast cancer patients. The Korean Radiation Oncolo-

gy Group (KROG 14-18) conducted a multi-institution case-con-

trol study comparing whole-breast irradiation with and without 

supraclavicular irradiation in patients who underwent breast-con-

serving surgery, adjuvant breast irradiation, and anthracycline or 

taxane chemotherapy [24]. Supraclavicular recurrences developed 

in 3 patients. All of these patients had simultaneous distant me-

tastases, just like the 2 patients who experienced LRR in our study. 

The 5-year DFS rates were 94.4% and 92.6% in patients with and 

without supraclavicular irradiation, respectively (p =  0.50). The 

authors concluded that there was no benefit associated with the 

addition of supraclavicular irradiation for patients treated with a 

modern systemic therapy regimen. Similarly, Biancosino et al. [25] 

compared clinical outcomes among pN1 breast cancer patients 

who underwent breast-conserving surgery and breast irradiation 

with or without periclavicular irradiation. The authors reported no 

statistical differences in terms of LRR-free survival, DFS, or OS. In 

a retrospective study, Livi et al. [26] reported outcomes in 5717 

patients who underwent breast-conserving surgery and breast ir-

radiation without RNI. In their cohort, 24 of 1,107 patients with 

pN1 disease (2.1%) had supraclavicular nodal failure, while 133 

patients (12.0%) had distant metastases. The authors concluded 

that it is reasonable to focus on improving the risk of distant me-

tastasis for these patients. 

Some researchers doubt that the risk of LRR in patients treated 

in the modern treatment era is sufficiently high to justify the use 

of elective RNI. Compared with findings from previous decades, 

recent studies have reported lower levels of LRR risk [3,9,27]. In 

our study, only 2 patients had LRR, and the 5-year LRC rate of the 

Fig. 3. Kaplan–Meier curves for (A) locoregional control, (B) distant metastasis-free survival, and (C) overall survival for 97 patients in propensi-
ty-matched dataset. RNI, regional nodal irradiation.
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no-RNI group was 99.4%. Moreover, no patient had isolated LRR 

during the follow-up period. Our findings are in line with those of 

a previously reported analysis of the EROTC/BIG 03-4 MINDACT 

trial [28]. In this trial, a 5-year LRR rate of 2.1% was observed 

among 5,470 patients who underwent breast cancer surgery and 

adjuvant radiotherapy. Similar findings were observed in a retro-

spective analysis conducted by Hirata et al. [27]. In their study, the 

5- and 10-year regional recurrence-free survival rates were 97.4% 

and 93.7%, respectively, among patients who were treated with 

breast-conserving treatment without RNI. Reddy and Kiel [29] also 

reported a 10-year supraclavicular nodal failure rate of 2.08% 

among N1 patients in their cohort, suggesting that adding supra-

clavicular irradiation for N1 patients was unnecessary. These find-

ings reveal that over the last 2 decades, the overall LRR rates of 

early breast cancer have decreased substantially, owing to the 

contributions of effective systemic therapy and radiotherapy [30]. 

Thus, the necessity of RNI for patients, despite an LRR risk lower 

than 3%, remains controversial. 

RNI may increase radiotherapy-related morbidity. In our study, 

radiologic lung changes on computed tomography after radiother-

apy were more commonly found in the RNI group than in the no-

RNI group (63.9% vs. 39.9%, respectively). Although neither group 

presented with symptomatic radiation pneumonitis, radiologic 

lung changes could be considered an objective end point for eval-

uating radiation-induced lung toxicity, thus implying their clinical 

significance [31]. In terms of lymphedema, no difference was 

found between the RNI and no-RNI groups in our study. Converse-

ly, some investigators have reported increased radiotherapy-relat-

ed morbidity among patients having undergone RNI. Chua et al. 

[32] noted that adding RNI to breast irradiation was associated 

with an increased incidence of lymphedema and symptomatic ra-

diation pneumonitis. In the aforementioned KROG 14-18 study 

[24], adding RNI was associated with an increased risk of lymph-

edema and radiation pneumonitis. The incidence of lymphedema 

was 16.6% among patients who underwent RNI and 10.7% 

among patients who did not undergo RNI. Given these findings, in 

the modern treatment era, the benefits of adding RNI might not 

be enough to justify the associated increased risk of radiation-in-

duced complications. 

Our study had several limitations. First, there may have been a 

concealed selection bias brought about by the retrospective de-

sign, even though we performed a propensity score-matched 

analysis to adjust for the differences between the groups. The ef-

fect of a potential selection bias may have been minimized by the 

fact that our study included consecutive patients who were ho-

mogeneously treated according to a consistent protocol at a single 

institution. Second, the relatively small sample size from a single 

institution means that caution should be taken when interpreting 

and generalizing the results. Third, with a median duration of 60 

months, the follow-up period was relatively short and may not 

have been long enough to detect some recurrences or metastases. 

Nevertheless, our study provides meaningful information about 

clinical outcomes among patients with pT1-2N1 breast cancer 

who underwent breast-conserving surgery and radiotherapy fol-

lowed by modern systemic treatment. 

In conclusion, our results suggest that adding RNI may not be 

associated with superior LRC, DMFS, or OS. However, considering 

the retrospective design and small number of patients included in 

the study, our results must be interpreted with caution, and fur-

ther study is warranted to define the impact of RNI on pT1-2N1 

breast-conserved patients. 
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Introduction 

Image-guided intensity-modulated radiotherapy (IG-IMRT) has 

been widely used in the treatment of prostate cancer, with the 

goal of reducing acute and late toxicity of adjunct critical organs, 

e.g., the bladder and rectum [1,2]. Helical tomotherapy is consid-

ered a favorable treatment technique for prostate cancer due to 

its uniformity in treatment and the fact that it is based on com-

puted tomography (CT) simulation [3,4]. 

Magnetic resonance imaging (MRI) has been shown to be supe-

Purpose: To evaluate and compare the feasibilities of magnetic resonance (MR) image-based plan-
ning using synthetic computed tomography (sCT) versus CT (pCT)-based planning in helical tomother-
apy for prostate cancer. 
Materials and Methods: A retrospective evaluation was performed in 16 patients with prostate can-
cer who had been treated with helical tomotherapy. MR images were acquired using a dedicated 
therapy sequence; sCT images were generated using magnetic resonance for calculating attenuation 
(MRCAT). The three-dimensional dose distribution according to sCT was recalculated using a previ-
ously optimized plan and was compared with the doses calculated using pCT. 
Results: The mean planning target volume doses calculated by sCT and pCT differed by 0.65% ± 
1.11% (p = 0.03). Three-dimensional gamma analysis at a 2%/2 mm dose difference/distance to 
agreement yielded a pass rate of 0.976 (range, 0.658 to 0.986). 
Conclusion: The dose distribution results obtained using tomotherapy from MR-only simulations 
were in good agreement with the dose distribution results from simulation CT, with mean dose differ-
ences of less than 1% for target volume and normal organs in patients with prostate cancer. 
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rior to CT with respect to the characterization and visualization of 

soft tissue. Compared to CT with target delineation, CT-MR fusion 

images enable more precise identification of the target volume in 

the prostate, seminal vesicles, and pelvic lymphatics [5-8] and thus 

have the potential to reduce complications of critical organs [9,10]. 

However, the uncertainty of CT-MR registration can propagate 

to target delineation [11]. To eliminate this uncertainty, MR-only 

simulations in radiotherapy (RT) can be used [12]. Various tech-

niques for creating synthetic CT (sCT) images have been proposed 

and validated, e.g., assigning fixed densities to tissues [13], using 
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atlas-based segmentation from databases [14,15], and correlating 

Hounsfield units (HUs) and MR intensities [16,17]. 

The aim of this study was to evaluate a technique for generat-

ing sCT images using a dedicated MRI pulse sequence and an al-

gorithm in a dedicated MR-RT simulator. Additionally, we aimed 

to calculate the residual treatment dose discrepancy between 

planning CT (pCT) and sCT using a helical tomotherapy plan for 

prostate cancer as a reference. Finally, we set out to assess the 

feasibility of MR-only simulations with helical tomotherapy for 

patients with prostate cancer. 

Materials and Methods 

1. Patient characteristics 
This study included treatment plans for 16 patients with prostate 

cancer who were treated with helical tomotherapy. The patient 

characteristics are summarized in Table 1. The median patient age 

was 73 years (range, 59 to 83 years). Eleven patients were treated 

with definitive (curative intent) RT, while the rest were treated 

with salvage RT. Surgical bed was included in the treatment field 

for 4 patients; elective pelvic lymph node areas were additionally 

treated in 12 patients. This study was approved by the Institution-

al Review Board of Samsung Medical Center, Korea approved this 

retrospective study (No. 2016-07-109-001). The requirement for 

informed consent was waived.

2. pCT imaging 
Each patient was immobilized using a vacuum cushion and posi-

tioned in the head-first supine position with both arms placed on 

the chest. A catheter with a small rectal balloon filled with 60 mL 

of air was inserted into the rectum. Three-dimensional (3D) CT im-

ages (pixel spacing 0.98 mm ×  0.98 mm, 512 ×  512) were ac-

quired using a Discovery CT590RT (GE Healthcare, Waukesha, WI, 

USA). The slice thickness was 2.5 mm. Contrast medium (90 mL) 

was injected at a flow rate of 2 mL/s. 

3. MR imaging and generation of sCT images 
MR scans were conducted immediately after the pCT scans on the 

same day using a 3.0 T Ingenia MR simulation system (Philips 

Healthcare, Best, The Netherlands). These systems are dedicated for 

radiation therapy and are equipped with a 16-channel abdominal 

receiving coil and integrated posterior coil assembly. The patient 

setup was the same as in the pCT simulation, with the exception 

that the feet-first-supine orientation was used. This position al-

lowed more flexibility than the head-first setup when positioning 

the anterior receiving coil. A dedicated 3D radiofrequency spoiled 

incoherent gradient 2-echo instrument (3D-T1-FFE 2-echo; repeti-

tion time [TR], 3.8 ms; echo time-1 [TE1], 1.2 ms; TE2, 2.4 ms; flip 

angle, 10º) was used to collect the source images. Two sets of 

T1-weighted MR images with different TEs were obtained. 

Next, two-point mDixon reconstruction was used to generate 

three sets of MR images: in-phase, water-only, and fat-only (Fig. 1A, 

1B, and 1C, respectively). To generate the sCT images, a dedicated 

post-processing algorithm [18,19] was utilized. The sCT images 

were generated automatically using a magnetic resonance calcu-

lating attenuation (MRCAT) algorithm, as shown in Fig. 1D. The 

MRCAT sCT images consisted of air, fat, normal tissue, spongy 

bone, and compact bone; the materials were assigned -968, -86, 

42, 198, and 949 HUs, respectively. The sCT images were 432 ×  

432 pixels, with pixel spacing of 1.04 mm ×  1.04 mm and a slice 

thickness of 2.5 mm.  

4. Treatment plans for tomotherapy on pCT 
In treatment planning, 3D CT images were used as the reference 

(pCT). The primary clinical target volume (CTV1), which included 

the surgical bed, was delineated on the pCT images using a Pinna-

cle3 system (v.9.10; Philips Medical Systems, Fitchburg, WI, USA). 

Pelvic lymphatics were delineated as the secondary clinical target 

volume (CTV2) in 12 patients. A setup margin (SM) of 3–5 mm was 

added to the CTV1 to create the planning target volume (PTV1), 

Table 1. Patients’ characteristics (n = 16)

Characteristic Value
Age (yr) 73 (59–83)
T stage
 T2 3 (18.75)
 T3a 5 (31.25)
 T3b 7 (43.75)
 T4 1 (6.25)
Initial PSA (ng/mL)
 <10 4 (25.00)
 10–20 4 (25.00)
 >20 8 (60.00)
Grade
 6 2 (12.50)
 7 3 (18.75)
 8–9 11 (68.75)
Treatment aim
 Definitive 11 (68.75)
 Salvage 5 (31.25)
Radiation field
 Surgical bed only 4 (25.00)
 Whole pelvis 12 (75.00)

Values are presented as median (range) or number (%).
PSA, prostate-specific antigen.
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and an SM of 5–7 mm was added to the CTV2 to create the PTV2. 

IMRT plans were performed using TomoTherapy planning sta-

tions (Hi-Art ver. 4.2.3 or TomoHD ver. 1.2.3; Accuray Inc., Sunny-

vale, CA, USA). The prescribed doses to the PTV1 (1ºDpre) and PTV2 

(2ºDpre) were 70.0 Gy and 50.4 Gy, respectively, at 28 fractions. The 

dose constraints in the treatment plans were: (1) the 1ºDpre had to 

cover at least 98% of the PTV, and (2) the maximum dose (Dmax) of 

the PTV had to be less than 107% of the 1ºDpre. Doses to organs-

at-risk (OARs), such as the rectum wall, bladder, penile bulb, fem-

oral heads, and bowel, were also considered. 

5. Dose calculation on sCT 
The 3D dose distribution based on the sCT results was calculated 

using the optimized reference treatment plan on the pCT images. 

To this end, the delivery quality application (DQA) of a tomotherapy 

workstation was used. The sCT image was registered rigidly to the 

pCT image and resampled to match the dimensions and patient 

positions of the sCT image to those of the pCT image using MIM 

Maestro ver. 6.4.9 (MIM Software, Cleveland, OH, USA). The struc-

tures of the target volumes and normal organs delineated on pCT 

were copied to the structures on sCT. All registrations and struc-

tures on sCT were validated by both a physician and a physicist. 

The couchtop was not visible on the sCT image from the MRI 

scan. Since the sCT image was already registered to the pCT im-

age, a virtual couch was inserted into the sCT image at the same 

position of the pCT image in the DICOM coordination. The sCT im-

ages were modified to be similar to phantom images [20] and 

were then imported into the DQA workstation for recalculation of 

the 3D dose. 

6. Dosimetric analysis 
To evaluate the clinical feasibility of using sCT in a tomothera-

py-based treatment plan, the image values, dosimetric parameters, 

and 3D doses recalculated using the sCT images were compared to 

those calculated using the pCT images. Specifically, the mean HUs 

of the target volumes, OARs, and materials on the pCT and sCT 

images were calculated and compared. Dosimetric parameters 

such as Dmean, D5%, and D95% were calculated from the dose-volume 

histograms (DVHs) and compared in order to evaluate differences 

in the planned doses delivered to the target volumes; Dmean and 

Dmax were compared to evaluate dose differences to OARs. In addi-

tion, the 3D gamma values were evaluated with the global dose 

criteria of 3%/3 mm–1%/1 mm (dose difference/distance to 

agreement). 

Statistical differences in the dosimetric parameters from the 

different dose distributions were assessed using the Wilcoxon 

A B C

D E

Fig. 1. Representative magnetic resonance image used for calculation attenuation (MRCAT). (A) In-phase, (B) water-only, and (C) fat-only MR 
images for patient #13 were generated from the three-dimensional T1-weighted mDixon images using 2 echoes. (D) The synthetic computed 
tomography (CT) image was generated using the MRCAT and MR images. (E) A planning CT image was acquired from the CT simulation.
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signed-rank test. The test was performed using SPSS v. 20.0 (IBM 

Corp., Armonk, NY, USA). A p-value ≤0.05 was considered to be 

statistically significant.  

Results  

1. Differences in HUs 
After automatic generation of the sCT images from the MR images 

using the MRCAT algorithm, treatment plans were determined, 

and dose recalculations were performed using the sCT images. The 

differences in HUs between the sCT images and the pCT images 

are summarized in Table 2. The mean differences of the target vol-

umes and OARs were evaluated to be less than 30, with the ex-

ception of the rectum wall and femoral heads. Since the air in the 

rectal balloon could not be represented on the sCT images by MR-

CAT, the greatest HU differences were observed for the rectum 

wall. The differences in the mean HUs for fat and muscle were 

evaluated to be less than 10. 

2. Dosimetric parameters 
Three-dimensional dose for all the patients were re-calculated and 

DVHs were compared as shown in Fig. 2. Dosimetric parameters of 

the target volumes and OARs from the DVHs were summarized and 

compared in Table 3. The mean differences in Dmean, D95%, and D5% 

for PTV1 and PTV2 between pCT and sCT were all less than 0.74 Gy. 

The Dmean and D5% sCT values were both statistically different from 

the pCT values; however, the absolute differences of the mean val-

ues of all parameters were less than 1.04%. Due to the HU differ-

ences for fat and muscle in the body outlines, the Dmean and Dmax 

values calculated from the sCT images for the rectum wall, right 

femoral head, left femoral head, and penile bulb were also signifi-

cantly different from those calculated from the pCT images; in 

contrast, the bladder values were not significantly different. How-

ever, for all OARs, the normalized Dmean and Dmax values, using 1ºDpre 

(70 Gy), were less than 0.59% and 1.59%, respectively. 

3. Gamma evaluation 
The results of the 3D gamma analysis at 3%/3 mm, 2%/2 mm, and 

1%/1 mm dose difference/distance to agreement are shown in Fig. 

3. With respect to overall volume, gamma analysis revealed pass 

rates of 0.998 (range, 0.981 to 1.000), 0.976 (range, 0.658 to 0.986), 

and 0.871 (range, 0.540 to 0.931), with γ50 values of 0.123 (range, 

0.084 to 0.203), 0.190 (range, 0.128 to 0.460), and 0.379 (range, 

0.257 to 0.920), respectively. For the target volumes and critical or-

gans, the median and mean pass rates at 3%/3 mm and 2%/2 mm 

were both greater than 0.95, with γ50 values less than 0.5. 

Discussion and Conclusion 

We demonstrated the feasibility of MR-only simulations using he-

lical tomotherapy for patients with prostate cancer. Tomotherapy 

and the associated planning algorithms comprise one of the most 

advanced radiation therapy techniques, while MR is the preferred 

medical imaging method for patients with prostate cancer. We 

successfully treated 16 patients with prostate cancer with con-

ventional CT using tomotherapy and acquired MR images in the 

Table 2. Comparison of mean image values (unit: HU)

Planning CT Synthetic CT Difference p-value
Target volumes
 PTV1 (n =  16) 14.0 ±  24.9 23.4 ±  13.1 9.5 ±  26.1 0.07
 PTV2 (n =  12) 33.4 ±  14.2 -6.8 ±  8.0 -30.2 ±  20.3 <0.01*
Normal organs (n =  16)
 Bladder 18.6 ±  7.1 35.3 ±  6.1 16.7 ±  10.5 <0.01*
 Rectum wall -143.3 ±  156.6 4.6 ±  10.3 147.9 ±  154.4 <0.01*
Femoral head
 Right 279.5 ±  45.8 175.5 ±  6.1 -104.0 ±  47.5 <0.01*
 Left 280.4 ±  50.5 177.7 ±  6.4 -102.7 ±  51.7 <0.01*
 Penile bulb 48.3 ±  14.7 40.3 ±  2.5 -8.0 ±  14.0 0.02*
Fat and muscle volumes (n =  16)
 Fat -69.4 ±  13.6 -77.3 ±  1.4 -7.9 ±  13.0 0.02*
 Muscle 34.1 ±  12.4 39.8 ±  0.4 5.7 ±  12.3 0.05*

Values are presented as mean ± standard deviation.
CT, computed tomography; HU, Hounsfield unit; PTV, planning target volume.
*p < 0.05, Wilcoxon paired signed-rank test.
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Table 3. Comparison of dosimetric parameters for target volumes, normal organs, and fat/muscle volumes

Parameter Planning CT (Gy) Synthetic CT (Gy) Difference (Gy) Normalized
difference (%) p-values

Target volumes PTV1 (n =  16) Dmean 70.00 ±  0.61 70.46 ±  1.07 0.46 ±  0.77 0.65 ±  1.11 0.03*

D95% 67.86 ±  2.19 68.20 ±  2.17 0.33 ±  0.84 0.48 ±  1.19 0.16

D5% 71.47 ±  0.79 72.20 ±  1.16 0.73 ±  0.74 1.04 ±  1.05 <0.01*

PTV2 (n =  12) Dmean 50.92 ±  1.01 51.24 ±  1.21 0.32 ±  0.50 0.34 ±  0.65 0.06

D95% 47.17 ±  2.44 47.33 ±  2.45 0.12 ±  0.48 0.17 ±  0.68 0.34

D5% 57.28 ±  5.14 57.75 ±  5.24 0.35 ±  0.47 0.50 ±  0.67 <0.01*

Normal organs (n =  16) Bladder Dmean 40.19 ±  7.19 40.28 ±  7.39 0.09 ±  0.52 0.12 ±  0.75 0.98

Dmax 70.45 ±  1.00 70.55 ±  1.34 0.10 ±  0.80 0.14 ±  1.14 0.97

Rectum wall Dmean 30.72 ±  3.06 30.44 ±  2.89 -0.28 ±  0.44 -0.41 ±  0.63 0.03*

Dmax 70.02 ±  1.10 71.13 ±  1.65 1.11 ±  0.86 1.59 ±  1.23 <0.01*

Right femoral head Dmean 21.35 ±  4.55 21.68 ±  4.64 0.33 ±  0.24 0.48 ±  0.34 <0.01*

Dmax 34.92 ±  7.72 35.57 ±  7.98 0.65 ±  0.43 0.93 ±  0.61 <0.01*

Left femoral head Dmean 20.93 ±  4.10 21.26 ±  4.19 0.33 ±  0.23 0.47 ±  0.33 <0.01*

Dmax 34.53 ±  7.18 35.21 ±  7.48 0.67 ±  0.47 0.96 ±  0.67 <0.01*

Penile bulb Dmean 39.05 ±  14.86 39.46 ±  14.98 0.41 ±  0.41 0.59 ±  0.59 <0.01*

Dmax 52.42 ±  14.84 52.97 ±  15.15 0.55 ±  0.69 0.79 ±  0.98 <0.01*

Fat and muscle volumes (n = 16) Fat Dmean 11.16 ±  4.00 11.28 ±  4.04 0.12 ±  0.08 0.17 ±  0.11 <0.01*

Dmax 46.65 ±  9.14 47.02 ±  9.26 0.37 ±  0.51 0.53 ±  0.73 0.01*

Muscle Dmean 12.66 ±  4.15 12.81 ±  4.19 0.16 ±  0.09 0.22 ±  0.13 <0.01*

Dmax 54.16 ±  7.51 54.78 ±  7.79 0.62 ±  0.69 0.88 ±  0.99 <0.01*

Values are presented as mean ± standard deviation.
CT, computed tomography; PTV, planning target volume; D95%, dose covering 95% of target volume; Dmean, mean dose; D5%, dose covering 5% of tar-
get volume; Dmax, dose delivered to 2% of organ volume.
*p < 0.05, Wilcoxon paired signed-rank test.

Fig. 2. Representative dosimetric results. (A, B) display the three-dimensional dose distributions as calculated by planning computed tomogra-
phy (CT) and synthetic CT images, respectively, for patient #13. (C, D, E) present comparisons of the three-dimensional doses for patient #13 
with respect to dose difference, gamma analysis, and dose-volume histograms, respectively.
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same position on the same day to generate synthetic sCT images. 

The 3D doses calculated based on the sCT images showed good 

agreement with those calculated from the pCT images, as assessed 

by image registration, dosimetric parameters, and gamma analysis. 

Because of superiority MR for delineation of prostate and nor-

mal organs [9], various methodologies generating sCT from MR for 

implement MR only simulation, such as bulky anatomical density 

[21-24], machine learning [25,26] and so on, have been suggested. 

Usually, process of generating sCT from MRI required a specialist 

or specific procedure, however, a commercial MRCAT software, 

used in this study, could generate sCT using the dedicated MR 

protocol automatically. Especially, Tyagi et al. [23,24] evaluated 

dosimetric characteristics and implementation of MR only simula-

tion into a clinical work flow, including feasibility of 2D orthogo-

nal digitally reconstructed radiography generated from sCT or 3D 

sCT for IG-IMRT with standard LINACs (linear accelerators) 

equipped with kV imager. A clinical workflow of tomotherapy is 

constructed with a dedicated  treatment planning system, dose 

calculation, delivery quality assurance, and IGRT with MV cone-

beam CT. We focused on feasibility of MR based tomotherapy for 

prostate. 

During tomotherapy planning, it is necessary to identify the lo-

cation of the CT couchtop and to replace this location with the 

couch model of the tomotherapy machine. Since the couchtop is 

not readily visible on MR images, we attempted to locate the vir-

tual couches on the MR images using couch markers. Since the 

presence of the couch can affect dose calculation in IMRT [27], it 

would be beneficial for the sCT algorithm to automatically identify 

the couchtop location for other rotating treatments, such as volu-

metric modulated arc therapy. 

The DQA station was the only method by which the dose could 

be recalculated from the sCT images using the previously opti-

mized plan without any additional modifications. Since the DQA 

workstation does not permit any modifications to the treatment 

plan, the density of the rectal balloon outline could not be modi-

fied and overridden in dose recalculation using this workstation. A 

rectal balloon was used in both the CT and MR scans; the balloon 

showed a mean HU of -143.3 on the pCT images. However, since 

air in the body outline was not allowed in the MRCAT algorithm 

and the air of the rectal balloon was assigned a mixture of the HU 

values of fat and water, the mean HU of the rectal area on the sCT 

images was calculated to be 4.6. 

Due to the apparent lack of air in the rectal balloon on the sCT 

images, somewhat higher doses to target volumes were calculated 

from the sCT images. Thus, the gamma passing rates using the 

1%/1 mm criteria for the PTV1, PTV2, bladder, and rectum were 

lower than those for other organs (Fig. 3A). However, the overall 

gamma analysis results with the 3%/3 mm and 2%/2 mm criteria 

showed excellent agreement between the pCT and sCT dose calcu-

lations. If the clinical protocol for prostate tomotherapy is estab-

lished without using the air-filled rectal balloon or if the density 

of the rectal balloon outline could be modified, this significant 

difference in target dose would decrease significantly. 

In addition, the mean differences in the HUs of bone (both fem-

oral heads), fat, and muscle were calculated to be -103.4, -7.9, 

and 5.7, respectively. Although the mean HUs of the target vol-
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umes and OARs calculated using the sCT images were statistically 

different from those calculated using the pCT images, the mean 

differences were all less than 17 HU, with the exception of both 

femoral heads and the rectal wall. Although these HU differences 

did not significantly affect the final dose distribution, we intend 

to improve and reduce these differences in future algorithms. The 

MRCAT algorithm we used here utilizes five materials (air, fat, nor-

mal tissue, spongy bone, and compact bone); we plan to validate 

other algorithms in future analyses. 

We observed small spatial discrepancies in the external body 

outlines on the sCT and pCT images (Fig. 2C). These discrepancies 

were due to the use of the anterior coil in the MR scan, which was 

placed directly on top of the patient. In addition, although we ac-

quired the MR images right after the CT simulation with the pa-

tient in the same position, setup uncertainties resulted from the 

time difference between the CT and the MR acquisitions. However, 

these uncertainties can be minimized by performing overall dose 

calculations considering the daily setup variations with fractionat-

ed treatments and by using dedicated positioning devices for 

MR-only simulations [28]. 

All 16 of our prostate cancer CT simulations and MR simulations 

were performed on the same day. Although we endeavored to ac-

quire the MR images immediately after the CT simulations, it was 

sometimes difficult to suitably arrange the logistics of this se-

quence in busy clinics; moreover, some patients had to wait for 

their bladders to fill. Despite these limitations, we demonstrated 

the feasibility of combining tomotherapy with MR-only simula-

tions. We intend to expand this strategy to other radiation therapy 

techniques using X-ray machines and to other particle therapy 

machines such as proton and carbon machines. 

Inter-target and intra-target delineation variations for prostate 

cancer with CT-only images can yield variable IMRT planning re-

sults. Although rigid or deformable registration using CT and MR 

provides an avenue by which target structures can be delineated, 

CT-MR fusion has several limitations such as variable examination 

time, different immobilization devices, and variations in position. 

MR-only simulations promise more detailed anatomical informa-

tion than CT and have the potential to reduce other uncertainties 

due to their improved soft tissue contrast, single immobilization 

device setting, and precise treatment positions. 

Based on the results of this feasibility study, we anticipate that 

MR-only simulations will play an important role in IMRT and other 

advanced treatment techniques for patients with prostate cancer 

and other types of cancer. Dedicated MR sequences and the MR-

CAT sCT algorithm were retrospectively applied to determine the 

radiation therapy workflows. The entire process, including sCT im-

age generation and radiation therapy planning based on sCT, was 

validated as a feasible approach combining tomotherapy and MR 

simulation. Tomotherapy planning using MR-only simulation has 

good accuracy and is clinically feasible with mean dose differenc-

es of less than 1% for the target volumes and normal organs. We 

intend to implement MR-only simulation tomotherapy in our clin-

ic for treating prostate cancer in order to reduce the time pressure 

for CT simulation and for other planning and treatment processes. 

Further studies will focus on improving the MRI scanning proto-

cols, investigating other issues raised in this study, and applying 

this method to other diseases and treatment machines. 
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Introduction 

External beam radiation therapy is one of the main treatment op-

tions for prostate cancer [1]. Intensity-modulated radiotherapy 

(IMRT), which has been widely used for prostate cancer, can pro-

vide conformal target coverage while minimizing the dose to ad-

jacent organs [2]. Volumetric modulated arc therapy (VMAT) is an 

IMRT technique that delivers rotational cone beams with simulta-

neous modulation of multileaf collimator (MLC) leaves and dose 

rates [3]. Compared with IMRT which uses fixed gantry angles, 

VMAT provides an extra degree of freedom, and can reduce treat-

Purpose: We performed three-dimensional (3D) dose reconstruction-based pretreatment verification 
to evaluate gamma analysis acceptance criteria in volumetric modulated arc therapy (VMAT) for 
prostate cancer. 
Materials and Methods: Pretreatment verification for 28 VMAT plans for prostate cancer was per-
formed using the COMPASS system with a dolphin detector. The 3D reconstructed dose distribution 
of the treatment planning system calculation (TC) was compared with that of COMPASS independent 
calculation (CC) and COMPASS reconstruction from the dolphin detector measurement (CR). Gamma 
results (gamma failure rate and average gamma value [GFR and γAvg]) and dose-volume histogram 
(DVH) deviations, 98%, 2% and mean dose-volume difference (DD98%, DD2% and DDmean), were evalu-
ated. Gamma analyses were performed with two acceptance criteria, 2%/2 mm and 3%/3 mm. 
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ment delivery time and monitor units (MUs) while providing 

equivalent or improved dose distributions [4,5]. However, because 

of its complexities in treatment planning and treatment delivery 

systems, VMAT requires a stringent pretreatment verification to 

check whether the intended doses will be delivered accurately. 

Gamma analysis, introduced by Low et al. [6] in 1998, has been 

predominantly used for pretreatment verification [7-10]. It com-

pares reference and evaluated dose distributions based on a com-

bination of dose difference and distance-to- agreement (DTA) cri-

teria and calculates gamma index (γ) and gamma passing/failure 

rates. Gamma failure rate (GFR), which is the percentage of points 
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with γ >  1, has been used as a tool to decide whether or not a 

treatment plan is acceptable. Many studies, including AAPM TG-

218, have made efforts to develop recommendations on the choice 

of acceptance criteria for dose difference/DTA as well as the toler-

ance and action limits for gamma passing/failure rates [6-10]. 

However, whether the GFR is sufficient to detect clinically relevant 

error is unknown, as this measure only focusses on the quantity of 

error. In addition, recommendations for gamma analysis are not can-

cer- or structure-specific. Although three-dimensional (3D) dose re-

construction-based pretreatment verification is available, no recom-

mendation regarding its interpretation and incorporation into choos-

ing acceptance criteria for gamma analysis have been made. 

In this study, we performed 3D dose reconstruction-based pre-

treatment verification to evaluate gamma analysis acceptance 

criteria in VMAT for prostate cancer. 

Materials and Methods 

Pretreatment verifications for 28 VMAT plans for prostate cancer 

patients treated between May 2017 and April 2018 were per-

formed using the COMPASS system in conjunction with a dolphin 

detector (IBA Dosimetry GmbH, Schwarzenbruck, Germany). This 

study was approved by the Institutional Review Board of Wonk-

wang University Hospital (WKUH 2018-12-004). The informed 

consent was waived.

1. Simulation and VMAT plan 
Each patient was immobilized with a dual leg positioner in the su-

pine position, and computed tomography (CT) images from the 

second lumbar vertebra to the proximal half of the femur with a 

3-mm slice thickness were obtained. Patients were instructed to 

void, drink 500 mL of water, and then wait for 30 minutes before 

the acquisition of CT images as well as before each fraction of 

treatment. Clinical target volume (CTV) was defined as the surgical 

bed of prostate and seminal vesicles in adjuvant and salvage ra-

diotherapy. In cases of definitive radiotherapy (n =  5), CTV includ-

ed prostate gland and seminal vesicles on the planning CT. Plan-

ning target volume (PTV) was defined as expansion of CTV with a 

margin of 5 mm in the other direction, except for the rectum, 

where a 3-mm margin was used. Organs at risk (OARs), including 

rectum, bladder, both femur heads, and sigmoid colon were also 

contoured. The PTV dose of each patient was prescribed as 66 Gy, 

70 Gy, and 76 Gy as the adjuvant, salvage, and definitive aim in 2 

Gy fractions, respectively. 

All VMAT plans were created using two-arc with a 6-MV pho-

ton beam and a maximum dose rate of 600 MU/min using a Vital-

Beam linear accelerator mounted with a millennium 120 MLC sys-

tem (Varian Medical System, Palo Alto, CA, USA). The first arc 

beam (clockwise rotation) ranged from 181° to 179°, and the sec-

ond arc beam (counterclockwise rotation) ranged from 179° to 

181°. The collimator angles were 330° and 30° for the first and 

second arc beam, respectively. The plan objectives were as follow-

ings: (1) the prescribed dose was at least 95% of PTV and at least 

99% of CTV; (2) a maximum dose (Dmax) of <40 Gy to the sigmoid 

colon and both femur heads; (3) a mean dose (Dmean) of <18 Gy to 

the femur; (4) the volume of the rectum irradiated by 68 Gy, 65 

Gy, 60 Gy, and 50 Gy (V68Gy, V65Gy, V60Gy, and V50Gy) to <15%, <25%, 

<35%, and <50%, respectively; and (5) the V62Gy of the bladder 

was <40%. Optimization was performed using an Eclipse photon 

optimizer (version 13.7.14), and dose calculations were performed 

using the Anisotropic Analytic Algorithm (version 13.7.14) with a grid 

size of 2.5 mm. 

2. Pretreatment verification and statistics 
The pretreatment verification was performed using a COMPASS 

system with a dolphin detector. First, a DICOM dataset consisting 

of CT data, structure, plan, and dose was exported from the treat-

ment planning system (TPS) to the COMPASS system. Second, an 

independent calculation was done using a collapsed cone algo-

rithm with a grid size of 2.5 mm (COMPASS dose engine, version 

4.0). Third, the measurement was done using the dolphin detector, 

a two-dimensional array with 1,513 ionization chambers, accord-

ing to the manufacturer guidelines (COMPASS 4.0 user’s guide): (1) 

the detector was mounted on the gantry of the VitalBeam; (2) the 

detector setup procedure was performed, including pre-irradiation 

(1000 MU at field size of 40 cm ×  40 cm), background measure-

ment (100 MU at field size of 10 cm ×  10 cm), and subsequent 

absolute calibration; (3) the detector was connected to the COM-

PASS system, and the gantry angle sensor was tested; (4) the 

measurement was performed and assigned to the plan; (5) the 

measurement was exported; and (6) 3D reconstructed dose distri-

bution from the dolphin detector was calculated with the COM-

PASS dose engine. 

Fig. 1 shows a representative case of pretreatment verification 

using the COMPASS system with the dolphin detector. The 3D re-

constructed dose distribution of the TPS calculation (TC) was com-

pared with that of COMPASS independent calculation (CC) and 

COMPASS reconstruction from the dolphin detector measurement 

(CR), and the gamma results and dose-volume histogram (DVH) 

deviations were evaluated for each structure, PTV, CTV, as well as 

rectum and bladder. Gamma results, including GFR and average 

gamma value (γAvg) were automatically calculated according to 

the equations defined by Low et al. [6]. Global normalization was 

used, and gamma results with gamma criteria of 2%/2 mm were 
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compared with those with criteria of 3%/3 mm using paired 

t-tests. DVH deviations regarding clinically relevant errors were 

evaluated: the DD98% (%), DD2% (%), and DDmean (%) for target vol-

umes; the DD2% (%) and DDmean (%) for rectum and bladder. The 

DD98% (%) and DD2% (%) were defined as the percentage difference 

in the dose received by 98% and 2% volumes of structure. The 

DDmean (%) was defined as the percentage difference in the mean 

dose of the structure. Correlation between gamma results and 

DVH deviations was examined, and Pearson correlation coefficient 

>0.8 (p <  0.05) was considered to be significant. All statistical 

tests were performed at 5% level of significance using SPSS ver-

sion 21 (IBM SPSS Statistics, Armonk, NY, USA). 

Results 

1. Gamma results 
The structure-specific GFR and γAvg are shown in Tables 1 and 2. 

The GFR in 2%/2 mm criteria ranged up to 7.45%. When TC and 

CC were compared, the mean GFR in 2%/2 mm criteria for PTV, 

CTV, rectum, and bladder were 0.18%, 0.10%, 1.41%, and 1.23%, 

respectively. In comparison between TC and CR, the values were 

3.34%, 4.04%, 0.38%, and 2.28%, respectively. The GFR in 3%/3 

mm criteria were less than 1% for all structures in all comparisons 

between TC, CC, and CR. The mean GFRs in 3%/3 mm criteria were 

less than 0.1%. In comparison between TC and CR, GFR in 2%/2 

mm criteria were significantly higher than those in 3%/3 mm cri-

teria for all structures. 

The mean γAvg in 2%/2 mm criteria for PTV, CTV, rectum, and 

bladder were 0.31, 0.36, 0.34, and 0.40, respectively, in comparison 

between TC and CC. In comparison between TC and CR, these val-

ues were 0.46, 0.52, 0.38, and 0.40, respectively. The γAvg in the 

2%/2 mm criteria ranged up to 0.66, and were significantly higher 

than those in the 3%/3 mm criteria (which ranged up to 0.46) for 

all structures in all comparisons between TC, CC, and CR.  

B C

D

F

E

G

A

Fig. 1. A representative case of pretreatment verification by COMPASS system with dolphin detector. Three-dimensional dose reconstruction of 
the treatment planning system calculation (TC) (A), COMPASS independent calculation (CC) (B), and COMPASS reconstruction from the dolphin 
detector measurement (CR) (C). Gamma results by comparing 3D reconstructed dose distribution of TC to CC (D), and TC to CR (F). Dose-volume 
histograms (DVHs) of TC and CC (E), and TC and CR (G). The orange, pink, brown, and blue lines are planning target volume, clinical target vol-
ume, rectum, and bladder, respectively. The dashed line represents the DVHs from TC, and solid line represents the DVHs from CC (E) or CR (G).
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2. DVH deviations
DVH deviations in each structure are shown in Table 3. For PTV and 

CTV, DD98%, DD2%, and DDmean were less than ±2% in all compari-

sons between TC, CC, and CR. The mean DD98%, DD2%, and DDmean for 

PTV were -0.42%, 0.61%, and 0.57% in comparison between TC 

and CC, and -0.85%, 0.88%, and 0.49% in comparison between 

TC and CR, respectively. 

For rectum and bladder, the DD2% values were less than ±2% in 

Table 1. Three-dimensional dose reconstruction based, structure-specific gamma failure rates in 2%/2 mm and 3%/3 mm criteria

Gamma failure rate
p-value

2%/2 mm 3%/3 mm
PTV
 TC vs. CC 0.18 ±  0.55 (0.00–2.81) 0.00 ±  0.00 (0.00–0.01) 0.093
 TC vs. CR 3.34 ±  1.38 (1.15–5.99) 0.03 ±  0.45 (0.00–0.19) <0.001*

 CC vs. CR 2.34 ±  1.52 (0.00–5.74) 0.08 ±  0.16 (0.00–0.75) <0.001*

CTV
 TC vs. CC 0.10 ±  0.29 (0.00–1.34) 0.00 ±  0.00 (0.00–0.00) 0.065
 TC vs. CR 4.04 ±  2.27 (0.19–7.45) 0.01 ±  0.03 (0.00–0.16) <0.001*

 CC vs. CR 0.67 ±  0.85 (0.00–3.98) 0.02 ±  0.07 (0.00–0.37) <0.001*

Rectum
 TC vs. CC 1.41 ±  1.66 (0.00–7.26) 0.05 ±  0.12 (0.00–0.46) <0.001*

 TC vs. CR 0.38 ±  0.70 (0.00–3.25) 0.02 ±  0.05 (0.00–0.19) 0.007*

 CC vs. CR 2.51 ±  1.64 (0.15–6.61) 0.01 ±  0.03 (0.00–0.14) <0.001*

Bladder
 TC vs. CC 1.23 ±  1.14 (0.00–4.72) 0.07 ±  0.10 (0.00–0.41) <0.001*

 TC vs. CR 2.28 ±  1.93 (0.00–5.91) 0.03 ±  0.15 (0.00–0.80) <0.001*

 CC vs. CR 1.02 ±  1.06 (0.00–3.99) 0.00 ±  0.00 (0.00–0.00) <0.001*

Values are presented as mean ± standard deviation (range).
PTV, planning target volume; CTV, clinical target volume; TC, treatment planning system calculation; CC, COMPASS independent calculation; CR, 
COMPASS reconstruction from the dolphin detector measurement.
*p < 0.05.

Table 2. Three-dimensional dose reconstruction based, structure-specific average gamma value in 2%/2 mm and 3%/3 mm criteria

Average gamma value
p-value

2%/2 mm 3%/3 mm
PTV
 TC vs. CC 0.31 ±  0.10 (0.10–0.49) 0.22 ±  0.06 (0.13–0.33) <0.001*

 TC vs. CR 0.46 ±  0.41 (0.37–0.51) 0.31 ±  0.04 (0.24–0.39) <0.001*

 CC vs. CR 0.34 ±  0.04 (0.27–0.42) 0.23 ±  0.02 (0.18–0.28) <0.001*

CTV
 TC vs. CC 0.36 ±  0.12 (0.17–0.57) 0.23 ±  0.09 (0.00–0.38) <0.001*

 TC vs. CR 0.52 ±  0.07 (0.36–0.62) 0.35 ±  0.06 (0.24–0.46) <0.001*

 CC vs. CR 0.29 ±  0.09 (0.00–0.46) 0.20 ±  0.04 (0.14–0.30) <0.001*

Rectum
 TC vs. CC 0.34 ±  0.05 (0.21–0.46) 0.23 ±  0.03 (0.16–0.30) <0.001*

 TC vs. CR 0.38 ±  0.04 (0.30–0.46) 0.26 ±  0.03 (0.20–0.35) <0.001*

 CC vs. CR 0.48 ±  0.06 (0.35–0.58) 0.32 ±  0.04 (0.23–0.39) <0.001*

Bladder
 TC vs. CC 0.40 ±  0.08 (0.12–0.59) 0.28 ±  0.05 (0.20–0.39) <0.001*

 TC vs. CR 0.40 ±  0.09 (0.23–0.66) 0.27 ±  0.07 (0.15–0.46) <0.001*

 CC vs. CR 0.34 ±  0.07 (0.20–0.44) 0.23 ±  0.05 (0.14–0.29) <0.001*

Values are presented as mean ± standard deviation (range).
PTV, planning target volume; CTV, clinical target volume; TC, treatment planning system calculation; CC, COMPASS independent calculation; CR, 
COMPASS reconstruction from the dolphin detector measurement.
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all comparisons between TC, CC, and CR. The mean DD2% for rec-

tum and bladder were 0.43% and 0.75%, respectively, in compari-

sons between TC and CC. In comparison between TC and CR, these 

values were 0.81% and 1.10%, respectively. The mean DDmean for 

rectum and bladder were -1.09% and -1.33%, respectively, in 

comparison between TC and CC; for comparison between TC and 

CR, these values were 1.28% and -0.39%, respectively. 

3. Correlation analysis 
There was no strong correlation between the gamma results and 

DVH deviations for any structure, except for CTV (Table 4). For CTV, 

Pearson correlation coefficient was 0.961 (p <  0.001) between the 

γAvg in the 2%/2 mm criteria and the |DDmean|, and 0.974 (p <  

0.001) between the γAvg in the 3%/3 mm criteria and the |DDmean|. 

Discussion and Conclusion 

In this study, 3D dose reconstruction-based pretreatment verifica-

tion of VMAT plans for prostate cancer was performed. Both the 

independent calculation with the collapsed cone algorithm and 

the measurement with dolphin detector were used to validate the 

TPS calculation. The independent calculation has been used in 

many centers as another calculation that may reveal errors in TPS, 

and is generally less time consuming than measurement based 

verification [9]. However, independent calculations may include 

errors due to the known uncertainties of the model-based algo-

Table 3. Three-dimensional dose reconstruction based, structure-specific dose-volume histogram deviations

DD98% (%) DD2% (%) DDmean (%)
PTV
 TC vs. CC -0.42 (-0.64, -0.20) 0.61 (0.43, 0.79) 0.57 (0.46, 0.68)
 TC vs. CR -0.85 (-0.98, -0.72) 0.88 (0.73, 1.03) 0.49 (0.37, 0.61)
 CC vs. CR -0.42 (-0.61, -0.23) 0.26 (0.10, 0.42) -0.08 (-0.22, 0.06)
CTV
 TC vs. CC 0.53 (0.39, 0.67) 0.75 (0.63, 0.87) 0.72 (0.60, 0.84)
 TC vs. CR 0.12 (-0.02, 0.26) 1.18 (1.07, 1.29) 0.92 (0.82, 1.02)
 CC vs. CR -0.40 (-0.55, -0.25) 0.42 (0.32. 0.52) 0.21 (0.08, 0.34)
Rectum
 TC vs. CC - 0.43 (0.30, 0.56) -1.09 (-1.35, -0.83)
 TC vs. CR - 0.81 (0.68, 0.94) 1.28 (1.01, 1.55)
 CC vs. CR - 0.39 (0.26, 0.52) 2.40 (1.97. 2.83)
Bladder
 TC vs. CC - 0.75 (0.61, 0.89) -1.33 (-1.95, 0.71)
 TC vs. CR - 1.10 (0.94, 1.26) -0.39 (-1.09, 0.31)
 CC vs. CR - 0.35 (0.19, 0.51) 0.96 (0.58, 1.34)

Values are presented as mean (95% confidence interval).
PTV, planning target volume; CTV, clinical target volume; TC, treatment planning system calculation; CC, COMPASS independent calculation; CR, 
COMPASS reconstruction from the dolphin detector measurement; DD98% (%), percentage difference in dose received by 98% volume of structure; 
DD2% (%), percentage difference in dose received by 2% volume of structure; DDmean (%), percentage difference in mean dose of structure.

Table 4. Pearson correlation coefficient between structure-specific 
gamma results and DVH deviationsa)

Structures Acceptance 
criteria

|DD98% (%)| |DD2% (%)| |DDmean (%)|

PTV 2%/2 mm GFR -0.245 0.293 0.381
γAvg -0.551 0.516 0.630

3%/3 mm GFR 0.361 -0.509 -0.153
γAvg -0.707 0.641 0.687

CTV 2%/2 mm GFR 0.243 0.726 0.754
γAvg 0.426 0.787 0.961*

3%/3 mm GFR 0.010 0.048 -0.038
γAvg 0.505 0.836* 0.974*

Rectum 2%/2 mm GFR - 0.255 0.220
γAvg - 0.474 0.552

3%/3 mm GFR - 0.168 0.011
γAvg - 0.551 0.532

Bladder 2%/2 mm GFR - 0.433 0.207
γAvg - 0.162 0.545

3%/3 mm GFR - 0.274 -0.141
γAvg - 0.236 0.489

DVH, dose-volume histogram; PTV, planning target volume; CTV, clinical 
target volume; DD98% (%), percentage difference in dose received by 
98% volume of structure; DD2% (%), percentage difference in dose re-
ceived by 2% volume of structure; DDmean (%), percentage difference in 
mean dose of structure; GFR, gamma failure rate; γAvg, average gamma 
value.
a)Gamma results and DVH deviations were derived from the comparison 
between treatment planning system calculation dose and COMPASS re-
construction from the dolphin detector measurement.
*Pearson correlation coefficient >0.8 and p < 0.05.
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rithm [11]. In addition, errors in the actual delivery of VMAT plans 

are not validated by the independent calculation, and measure-

ment based verification is also necessary. 

We found that there was little discrepancy between the planned 

and independently calculated doses, as well as between the 

planned and measured doses. The TPS calculation by the Anisotro-

pic Analytic Algorithm showed good agreement with the indepen-

dent calculation using the collapsed cone algorithm in the COM-

PASS dose engine. The collapsed cone algorithm uses a 3D convo-

lution superposition model, and is one of the most advanced cal-

culation algorithms [12,13]. Chopra et al. [13] evaluated the accu-

racy of five dose calculation algorithms, and found that the col-

lapsed cone algorithm along with the Acuros XB and Monte Car-

lo-based algorithms correlated best with measured data in both 

heterogeneous phantom and homogeneous phantom. In contrast, 

the Anisotropic Analytic Algorithm was reported to be less sensi-

tive to tissue heterogeneities than the collapsed cone algorithm 

[12-14]. Differences between the Anisotropic Analytic Algorithm 

and the measured values were 3%–5% and 1.5%–3.5% in hetero-

geneous lung phantom and heterogeneous bone phantom, respec-

tively, despite the excellent agreement between the Anisotropic 

Analytic Algorithm and the measured values in the homogeneous 

phantom [13]. However, our results found little discrepancy be-

tween the TPS calculation using the Anisotropic Analytic Algo-

rithm and the independent calculation with the collapsed cone al-

gorithm. This little discrepancy may be for several reasons; firstly, 

the calculated and measured regions of the VMAT plans consisted 

of relatively homogenous materials as the treatment volume in-

cluded prostate and seminal vesicles or the surgical bed, excluding 

the regional lymphatic area. Therefore, in heterogeneous tissues 

which include air, such as the head and neck, or lung, the compar-

ison between the Anisotropic Analytic Algorithm and collapsed 

cone algorithm may differ from the results found here. Because of 

this, further studies are needed in these types of cancer. Secondly, 

the degree of modulation in VMAT plans for prostate cancers can 

also be lower than that for other cancers due to the small treat-

ment field size and less irregular shape of the target volume. Al-

though there has been no concern about the cancer- or struc-

ture-specific acceptance criteria for gamma analysis, the degree 

of modulation may affect the quantity and magnitude of errors, 

and several studies have reported similar results to ours [14-16]. 

In the study by Vieillevigne et al. [16], which performed pretreat-

ment verification for VMAT plans using three different detectors in 

15 cases of prostate cancer, the GFRs were less than 2% and less 

than 7% for the acceptance criteria of 3%/3 mm and 2%/2 mm in 

all detectors, respectively. Thirdly, the accuracy of beam modeling 

in TPS might be improved by using a more recent version of TPS 

than that used in previous studies. 

As the degree of clinically relevant errors may vary depending 

on the type of cancer, TPS and the delivery system used as well as 

the dosimetric measurement and analysis tools for pretreatment 

evaluation, cancer- and institution-specific criteria for pretreat-

ment verification seems to be important. The 3D dose reconstruc-

tion-based pretreatment verification provides more thorough in-

formation on the quantity, magnitude, and clinical impacts of po-

tential errors (such as under- or over-dosage than the TPS calcu-

lation). However, previous studies have mainly focused on the cor-

relation analysis between gamma results and DVH deviations. 

Similar to our findings, previous studies reported weak or absence 

of correlation between GFR and DVH deviations in VMAT [17-20] 

and IMRT [21-24] plans for prostate cancers [17,18,20,23], as well 

as for other cancers [19-24]. Fundamentally, clinically relevant 

DVH parameters are extracted from the statistical analyses for the 

entire dose distribution, despite gamma results evaluating dose 

differences point by point. Weak or absence of correlation be-

tween GFR and DVH deviations is therefore likely inevitable re-

gardless of cancer types, plans, and normalization methods, and 

additional evaluations for DVH parameters are needed to detect 

clinically relevant errors. 

In the present study, we tried to evaluate gamma results with 

two acceptance criteria as well as DVH deviation in prostate can-

cer VMAT plans. Our results showed that the 2%/2 mm criteria 

was more appropriate than the 3%/3 mm criteria in VMAT plans 

for prostate cancer, as the 3%/3 mm criteria might not be strin-

gent enough to detect any discrepancies between the planned and 

measured dose distributions. There are several limitations to the 

present study. First, plans with intended errors were not evaluated. 

Second, pretreatment verification was performed with the COM-

PASS system with the dolphin detector only. There are several 

commercially available tools for 3D dose reconstruction based 

pretreatment verification, and gamma results and DVH deviations 

can be affected by spatial resolution of the detector, as well as by 

interpolation and the calculation algorithm [10,25]. Third, unlike 

the IMRT plans that use fixed gantry angles, VMAT plans cannot 

be evaluated by perpendicular field-by-field measurement, and 

the composite measurement used here may mask errors due to the 

summation of errors [10]. Fourth, dose errors in the low dosimetric 

regions can also be underestimated due to the global normaliza-

tion, which evaluates dose differences based on the same value 

(the maximum planned dose) for all points. Fifth, 3D reconstructed 

dose distribution from the dolphin detector has an inherent lim-

itation because COMPASS dose engine uses collapsed cone algo-

rithm to calculate 3D dose from the measured 2D fluence map. 

Although there have been no practical guidelines for the inter-
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pretation of DVH deviations, the target volume- or structure-spe-

cific DVH deviation may be very useful tools in the dosimetric 

evaluation for comparison between the planned and measured 

dose distribution. Our analysis showed that a dose difference in 

98%, 2%, and mean volume of PTV, CTV, rectum, and bladder 

were within ±2% between TC, CC, and CR. Further study for the 

proper dosimetric objects and appropriate tolerances in analysis of 

DVH deviations is needed. 

In conclusions, the 3%/3 mm criteria were not stringent enough 

to identify any discrepancies between the planned and measured 

dose, and DVH deviations were less than 2% in most parameters. 

Therefore, the gamma criteria of 2%/2 mm and DVH related pa-

rameters could be useful tools in the pretreatment verification for 

VMAT in prostate cancer. 
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Purpose: The present study was conducted to compare dosimetric parameters for the heart and left 
lung between free breathing (FB) and deep inspiration breath hold (DIBH) and determine the most 
important potential factors associated with increasing the lung dose for left-sided breast radiothera-
py using image analysis with 3D Slicer software. 
Materials and Methods: Computed tomography-simulation scans in FB and DIBH were obtained 
from 17 patients with left-sided breast cancer. After contouring, three-dimensional conformal plans 
were generated for them. The prescribed dose was 50 Gy to the clinical target volume. In addition to 
the dosimetric parameters, the irradiated volumes and both displacement magnitudes and vectors for 
the heart and left lung were assessed using 3D Slicer software. 
Results: The average of the heart mean dose (Dmean) decreased from 5.97 to 3.83 Gy and V25 from 
7.60% to 3.29% using DIBH (p < 0.001). Furthermore, the average of Dmean for the left lung was 
changed from 8.67 to 8.95 Gy (p = 0.389) and V20 from 14.84% to 15.44% (p = 0.387). Both of the 
absolute and relative irradiated heart volumes decreased from 42.12 to 15.82 mL and 8.16% to 
3.17%, respectively (p < 0.001); however, these parameters for the left lung increased from 124.32 to 
223.27 mL (p < 0.001) and 13.33% to 13.99% (p = 0.350). In addition, the average of heart and left 
lung displacement magnitudes were calculated at 7.32 and 20.91 mm, respectively. 
Conclusion: The DIBH is an effective technique in the reduction of the heart dose for tangentially 
treated left sided-breast cancer patients, without a detrimental effect on the left lung. 

Keywords: Breath holding, Unilateral breast neoplasms, Heart, Radiotherapy, Conformal

Introduction 

Radiotherapy after breast-conserving surgery removes microscopic 

disease in the conserved breast; therefore, it diminishes the risk of 

local recurrence and distant metastasis among patients. As a result, 

it improves the survival rate among them [1]. However, despite its 

benefit in the reduction of cancer-specific mortality, radiotherapy 

is known to cause cardiovascular disease and lung cancer, especial-

ly in patients with left-sided breast cancer [2,3]. The rate of isch-

emic heart disease increases linearly by 7.4% for each increase of 1 

Gy in the mean heart dose [4]. As there is no threshold dose below 

which the side effects cannot occur; therefore, in recent years, 
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there has been a lot of efforts to decrease the delivered dose to the 

organ at risks (OARs) as much as possible [2,4-6]. 

Deep inspiration breath hold (DIBH) is one of the methods used 

for the above-mentioned purpose. It is a simple and effective 

technique in decreasing the heart dose without compromising the 

coverage of target volume in patients with left-sided breast can-

cer [5]. In DIBH, the heart simply moves posteriorly and inferiorly 

due to lung expansion and diaphragmatic movement; as a result, 

the distance between the heart and irradiated areas, such as the 

breast and chest, increased leading to a reduction in the irradiated 

heart volume and its dose [2,7,8]. Although this technique reduces 

the heart dose [7-12], it seems that there are challenges in the re-

duction of lung dose with DIBH [13]. Despite the results of many 

studies showing the reduction of the ipsilateral lung dose [2,7,11,14], 

there are reports of no significant difference and even increasing the 

left lung dosimetric parameters using DIBH [8,15-20]. 

Therefore, the primary aim of this study was to compare the dosi-

metric parameters of the heart and left lung between free breathing 

(FB) and DIBH. In the second place, the present study determined the 

most important potential factors associated with increasing the lung 

dose in left-sided breast radiotherapy with the calculation of various 

parameters, such as the irradiated volume and displacement of the 

lung, during DIBH in patients with left-sided breast cancer using im-

age analysis with 3D Slicer software (version 4.10.1, Brigham and 

Women’s Hospital, Boston, MA, USA) [21]. 

Materials and Methods 

1. Patient selection 
This study was carried out on 17 patients with early left-sided 

breast cancer who referred for postoperative radiotherapy follow-

ing undergoing breast-conserving surgery during 2017–2019. The 

subjects enrolled in the present study voluntarily and signed the 

informed consent before the computed tomography (CT) simula-

tion. These patients should be capable of holding their breath for 

at least 20 seconds. 

This study was approved by the Institutional Review Board of 

Mashhad University of Medical Sciences (No. 970830).

2. CT scan 
In the CT simulation, two scans were acquired with 5 mm slice 

thickness that was the first scan in FB and another in the DIBH 

state. The patients were scanned in the supine position using a 

breast board while their left arm was placed above the head. To 

perform DIBH, a novel system was used as a house respiratory 

gating system [22]. This system uses the CD22-100AM122 dis-

tance meter laser sensor. The laser was adjusted between the 

xiphoid process and umbilicus at a distance of 10 cm to the body 

surface. This distance is changed by respiration, and then, these 

changes are detected in the output of the sensor. As a result, the 

respiratory signal is displayed on the monitor. Firstly, the patient 

was requested to breathe in and out and then breathe deeply. 

When a stable deep inspiration level was acquired, the upper and 

lower thresholds were placed on the respiratory signal for the de-

termination of the gating window. Moreover, the gating window 

was adjusted to 5 mm. Finally, the patient was asked to breathe 

deeply and put the respiratory signal in the gating window and 

keep it for approximately 20 seconds; therefore, the CT image was 

acquired at this time.  

3. Treatment planning  
The clinical target volume (CTV) and OARs, including the heart and 

left lung, were contoured by an oncologist. The prescribed dose 

was 50 Gy in 2 Gy daily fractions to the CTV. It was delivered by 

the three-dimensional conformal technique with two opposing 6 

MV tangential fields and additional subfields. In the treatment 

planning, at least 95% of the CTV should be covered by the 95% 

isodose lines. In addition, hotspots up to 107% of the prescribed 

dose were acceptable. After planning, central lung distance (CLD) 

and lung length (LL) were calculated in the medial field. The CLD 

refers to the distance between the edge of the lung contour and 

tangential field border in the central axis on a digitally recon-

structed radiograph; however, LL refers to the vertical distance of 

the lung, which is vertically placed in the radiation port [23]. 

4. Image analysis 
In the current study, 3D Slicer software (version 4.10.1) was used 

for the calculation of the parameters, including the irradiated 

heart and left lung volumes, as well as the displacement values, 

for them during DIBH. 

5. Irradiated volumes of heart and left lung 
In this study, the absolute and relative irradiated volumes for the 

heart and left lung were calculated for FB and DIBH separately. 

For instance, the method of the calculation of the irradiated left 

lung volume in DIBH was completely described as it follows. 

For this purpose, the CT image, RT Structure, and RT Plan were 

loaded into the software platform. Then, the Segmentation mod-

ule was used for the creation of the left lung model. After that, 

the lung model and radiation fields were imported into the seg-

mentation created by the segmentation module. 

The intersection between the left lung model and each of the 

radiation fields were obtained by the Segment Editor module. The 

irradiated volumes in the medial and lateral fields were added to-
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gether by which the total left lung volume was acquired in the ra-

diation fields. Finally, the Segment Statistics module was used for 

the calculation of the numerical value of this irradiated volume. In 

addition, to estimate the relative irradiated volume, the absolute 

irradiated volume was divided into the total volume. As shown in 

Fig. 1, the irradiated volumes of the heart and left lung were cal-

culated in the FB and DIBH states. 

6. Calculation of displacements for heart and left lung 
during DIBH 
In the present study, the numerical values of the displacement 

were calculated for the heart and left lung between two FB and 

DIBH states. For instance, the methods of calculating the magni-

tude of the left lung displacement and displacement vectors in 

different directions (i.e., anterior-posterior [AP], right-left [RL], and 

superior-inferior [SI]) were completely described as it follows. 

1) Magnitude of displacement 
Firstly, the CT images and RT Structures were loaded into the soft-

ware platform. After that, the Segmentation module was used for 

the creation of the left lung models for FB and DIBH separately. 

For the calculation of the displacement field, the left lung models 

had to be registered between the FB and DIBH states using the 

Segment Registration module. Following that, all displacement 

magnitudes were obtained by the Transforms module. Finally, the 

Segment Statistics module was used for the calculation of the av-

erage value of displacement magnitudes.  

2) Displacement vectors in SI, AP, and RL directions 
For obtaining the displacement vectors in the AP, RL, and SI direc-

tions, the left lung models were registered as before. After that, the 

deformable left lung was imported into the segmentation created 

by the Segmentations module. The out regions of the left lung 

should be blanked to have the displacement vectors only in the de-

formable left lung. For this purpose, the Segment Editor module 

was used in this study. The result of this step was displacement 

vectors only for the deformable left lung renamed to the masked 

displacement field. The masked displacement field was saved and 

then extracted its components in the AP, RL, and SI directions by a 

self-written program in Python programming language followed by 

the calculation of their mean values in any directions. Furthermore, 

the differences between the parameters in DIBH and FB plans were 

calculated for each patient. These differences (ΔX) were calculated 

at XDIBH – XFB. After that, ΔX was normalized to the XFB that resulted 

in Δ'X and expressed as percentage. 

7. Statistical analysis 
A comparison between the parameters for FB and DIBH plans was 

performed using a paired sample t-test in SPSS version 22.0 (SPSS 

IBM, Armonk, New York, USA). These parameters included the 

Dmean, V20, V25, Vabs, Vrel, CLD, and LL. In addition, Pearson correlation 

coefficient was used to determine the correlation between the left 

lung Δ'Dmean with the Δ'Vabs, Δ'Vrel, Δ'CLD, and Δ'LL. p-value less 

than 0.05 was considered statistically significant. Finally, the aver-

age of mean displacement magnitudes, as well as vectors in SI, AP, 

and RL directions, were calculated in this study. 

Results 

As shown in Table 1, DIBH was associated with a significant re-

duction in the heart dosimetric parameters (p <  0.001); however, 

there was no statistically significant difference in the left lung do-

simetric parameters (p >  0.05). The average of the heart Dmean re-

duced from 5.97 to 3.83 Gy with DIBH. Similarly, the mean of V25 

decreased from 7.60% to 3.29%. The average of left lung Dmean 

was changed from 8.67 Gy (FB) to 8.95 Gy (DIBH). In addition, the 

mean of V20 was obtained 14.84% with FB and 15.44% by DIBH. 

The average of CLD significantly increased from 2.18 to 2.47 cm 

with DIBH (p <  0.001). Moreover, LL significantly increased from 

14.12 cm for FB to 18.05 cm for DIBH (p <  0.001). 

1. Irradiated volumes of heart and left lung 
The results of Table 1 show that the mean of heart Vabs significant-

ly decreased from 42.12 to 15.82 mL using DIBH (p <  0.001). 

Similarly, heart Vrel decreased from 8.16% to 3.17% (p <  0.001). 

For the left lung, Vabs significantly increased from 124.32 mL with 

FB to 223.27 mL by DIBH (p <  0.001). Furthermore, Vrel was 

changed from 13.33% with FB to 13.99% by DIBH (p >  0.05). As 
Fig. 1. Irradiated volumes in tangential fields: (A) heart and (B) left 
lung. FB, free breathing; DIBH, deep inspiration breath hold.
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shown in Table 2, there was a significant correlation between Δ'D 

with both of the Δ'Vabs and Δ'Vrel. Moreover, the correlation be-

tween the Δ'D and Δ'CLD was significant (p =  0.002); however, 

the correlation between Δ'D and Δ'LL was not significant (p =  

0.667). 

2. Displacements for heart and left lung during DIBH 
As shown in Table 3, the average of mean displacement magni-

tude for the heart was 7.32 mm. In addition, the maximum value 

for the mean of heart displacement vectors was in the inferior di-

rection. The average of the mean displacement magnitude for the 

left lung was 20.91 mm. Moreover, the maximum values for the 

mean of left lung displacement were in the SI directions.  

Discussion and Conclusion 

The results of the present study demonstrated the ability of DIBH 

in the reduction of the heart dose in patients with left-sided 

breast cancer as reported in previous studies [7-12]. However, 

similar to some reports, the collected data of the present study did 

not show the protective effect of this technique on the left lung 

[8,15-20]. In the present study, the average of the heart Dmean and 

Table 1. Comparison of dosimetric parameters, CLD, and LL between FB and DIBH plans in patients with left-sided breast cancer

Parameter FB DIBH Paired difference relative changes (%) p-value
Heart
 Dmean (Gy) 5.97 ±  2.0 3.83 ±  1.40 -2.14, -35.85 <0.001
 V25 (%) 7.60 ±  4.10 3.29 ±  2.64 -4.31, -56.71 <0.001
 Vabs (mL) 42.12 ±  29.54 15.82 ±  15.46 -26.30, -62.44 <0.001
 Vrel (%) 8.16 ±  4.62 3.17 ±  2.69 -4.99, -61.15 <0.001
Left lung
 Dmean (Gy) 8.67 ±  2.32 8.95 ±  1.79 0.28, 3.23 0.389
 V20 (%) 14.84 ±  4.97 15.44 ±  3.85 0.60, 4.04 0.387
 Vabs (mL) 124.32 ±  55.76 223.27 ±  79.41 98.95, 79.59 <0.001
 Vrel (%) 13.33 ±  5.31 13.99 ±  4.10 0.66, 4.95 0.350
 CLD (cm) 2.18 ±  0.62 2.47 ±  0.64 0.29, 13.30 0.001
 LL (cm) 14.12 ±  1.83 18.05 ±  1.73 3.93, 27.83 <0.001

Values are presented as mean ± standard deviation.
CLD, central lung distance; LL, lung length; FB, free breathing; DIBH, deep inspiration breath hold; Dmean, mean dose; VX, relative volume receiving ≥X 
Gy; Vabs, absolute irradiated volume; Vrel, relative irradiated volume.
Significant differences with p < 0.05.

Table 2. Pearson correlation coefficient between Δ’Dmean and other parameters for left lung

Δ’Vabs (%) Δ’Vrel (%) Δ’CLD (%) Δ’LL (%)
Δ’Dmean (%) r =  0.815, p <  0.001 r =  0.932, p <  0.001 r =  0.693, p =  0.002 r =  0.143, p =  0.667

Δ’X (%), percentage of changes in X parameter; Dmean, mean dose; Vabs, absolute irradiated volume; Vrel, relative irradiated volume; CLD, central lung 
distance; LL, lung length.
Significant correlations with p < 0.05.

Table 3. Average of mean displacement magnitude and mean dis-
placement vectors in different directions

Parameter Heart Left lung
Mean of displacement magnitude 7.32 ±  2.45 20.91 ±  5.03
Displacement direction
 MeanRight (mm) 3.33 ±  1.83 7.55 ±  3.02
 MeanLeft (mm) 3.15 ±  1.47 4.70 ±  1.25
 MeanAnterior (mm) 1.93 ±  1.06 10.00 ±  2.87
 MeanPosterior (mm) 2.43 ±  1.17 5.03 ±  2.30
 MeanSuperior (mm) 2.12 ±  1.75 14.61 ±  5.22
 MeanInferior (mm) 4.89 ±  1.73 13.66 ±  5.36

Values are presented as mean ± standard deviation.
MeanX, average of mean displacement in X direction.

V25 significantly decreased using DIBH. Also, the absolute and rel-

ative irradiated volumes of the heart significantly decreased by 

this technique. In DIBH, the left lung expansions in different direc-

tions pushed the heart away from the radiation fields and irradi-

ated areas that is the most important reason for the reduction of 

irradiated heart volume and dose. 

Jensen et al. [24] reported that the average of the heart Dmean de-
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creased from 3 Gy with FB to 2 Gy by DIBH. In addition, they ob-

served that the average of the heart V25 decreased from 3.3% (FB) 

to 1.0% (DIBH). Sung et al. [25] demonstrated that the average of 

the heart Dmean decreased from 5.9 Gy with FB to 3 Gy in DIBH. 

Hayden et al. [8] reported that the irradiated heart volumes 

were 36.9 mL (FB) and 2.1 mL (DIBH), which were smaller than the 

results of the present study. In addition, in a study carried out by 

Sung et al. [25], the irradiated heart volumes were reported as 

41.7 and 12 mL for FB and DIBH, respectively, which were almost 

consistent with the findings of the present study. The differences 

between contouring and patient anatomy lead to higher dosimet-

ric parameters of the heart, compared to those in other studies. 

The smaller lung volume in Asian women in comparison to that in 

non-Asians might lead to a lower distance between the left ven-

tricle and chest wall, which explains the higher irradiated heart 

volume in this study [7,26]. 

The maximum value for the mean of heart displacement vectors 

was in the inferior direction due to lung inflation and diaphrag-

matic movement that results in the greatest heart displacements 

in this direction. 

Although the results of previous studies have shown that the 

mean heart dose reduces with DIBH [7-12], there are still some 

discrepancies in the left lung dosimetric parameters using this 

technique. In some studies, it was demonstrated that lung Dmean 

significantly reduced with DIBH [2,7,11,14]. However, in some 

studies, the lung dose was not significantly changed or even in-

creased [8,15-20]. In the present study, it was observed that using 

DIBH led to an increase in the lung dose for some patients. 

The obtained results of the present study showed that the abso-

lute and relative irradiated volumes of the left lung increased using 

DIBH; however, the increase of relative irradiated volume was not 

significant. Also, Sung et al. [25] demonstrated that the average of 

irradiated lung volume increased from 155.1 mL (FB) to 253.5 mL 

(DIBH). Although, the results of some studies have shown that in 

the DIBH technique, the relative irradiated volume decreases de-

spite increasing the absolute irradiated lung volume [2,12], Never-

theless, the results of the present study revealed that the relative 

irradiated volume increased in some patients. This volume was 

higher in DIBH than that in FB in almost all patients of the present 

study whose lung dosimetric parameters increased with DIBH. 

Therefore, it is expected to increase the dosimetric parameters of 

the left lung, if the relative irradiated volume increases. 

Overall, discrepancies in the left lung dosimetric parameters 

among the studies are related to various factors, such as differ-

ences in the patient anatomy, contouring, treatment planning, and 

treatment methods. 

The CLD is a parameter that can be used for the prediction of 

the irradiated lung volume in the tangential fields. The CLDs of 1.5, 

2.5, and 3.5 cm can approximately predict 6%, 16%, and 26% of 

the ipsilateral lung, respectively, that would be included in the 

tangential fields [27]. The results of the patients in the present 

study were almost consistent with these values. Furthermore, the 

average of mean displacement of left lung magnitude in the pres-

ent study was 20.91 mm. In addition, the maximum values of the 

mean displacement were acquired in SI directions and following 

that anterior direction.  

In a study conducted by Oechsner et al. [28], the mean of dis-

placement magnitude for the left lung was reported as 20.80 mm. 

Moreover, they calculated the mean of displacement in three di-

rections, including left (1.5 mm), anterior (16.0 mm), and inferior 

(12.2 mm). According to the results of the present study and col-

lected data, the averages of the left lung displacement magnitude 

in the two studies are completely similar. Nevertheless, in the 

aforementioned study, the anterior displacement is greater than 

the other two directions. However, in the present study, the maxi-

mum values of the mean displacement vectors were acquired in 

the superior and inferior directions and after that in the anterior 

direction. Their patients were trained to do chest breathing, al-

though the patients in the present study were not trained to per-

form specific breathing that is an important reason for differences 

between the results of the two studies. 

According to the potential factors that result in the increased 

left lung dosimetric parameters using DIBH, it seems that lung 

displacement into the irradiated areas is the most important fac-

tor. As shown in Fig. 2, the anterior displacement of the lung had 

the greatest effect on displacement toward the CTV. In addition, 

while performing DIBH, the parts of the lung outside the radiation 

field are placed in the field, as shown in Fig. 3. When the left lung 

moves toward the radiation fields, the absolute irradiated volume, 

as well as, the relative irradiated volume, increased, which result-

ed in an increase in the lung dosimetric parameters. 

As shown in Table 2, by assessing the correlation of the lung 

Δ'D with other factors, such as Δ'Vabs, Δ'Vrel, Δ'CLD, and Δ’LL, there 

was a significant correlation between Δ'D with both Δ'Vabs and 

Δ'Vrel. The lung dosimetric parameters, such as Dmean and V20, can 

increase by rising the irradiated lung volume, especially Vrel. More-

over, there was a significant correlation between Δ'D and Δ'CLD. 

As previously mentioned, CLD is associated with irradiated lung 

volume. The increase in the CLD leads to an increase in lung Vabs 

and consequently Vrel for some patients. Therefore, lung Dmean in-

creased in these cases. However, the significant correlation was 

not observed between Δ'D and Δ'LL. It is argued that among some 

patients in the present study, the left lung cranio-caudal move-

ment had no significant effect on their dose reduction, and the 
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anterior displacement was a more important factor in lung dose. 

Even in some of them, the upward and downward movements 

were greater than the anterior ones. 

In addition, special attention should be given to patient anato-

my that can be considered an effective factor in lung dose. Factors 

such as breast size and CTV, which determine the size of the radi-

ation fields, as well as the chest shape can be considered effective 

factors in the lung dose. As Chilukuri et al. [29] reported in their 

abstract that the mean of the lung V20 significantly decreased in 

patients with a curved chest wall (12% vs. 19%; p =  0.001); how-

ever, the mean of lung V20 was acquired 21% versus 22.3% in pa-

tients with a flat chest wall (p =  0.78). According to the heart 

and lung dosimetric parameters, they concluded that patients 

with a curved chest wall obtained a significant benefit from DIBH. 

In general, with respect to the dosimetric parameters of the 

heart in the present study, all of the patients in this study could 

benefit from the DIBH technique, especially the subjects with 

large irradiated heart volume in the FB plan. Nevertheless, the re-

sults of the current study revealed that the DIBH technique did 

not necessarily decrease the lung dose. Based on the various fac-

tors, such as patient anatomy, including chest shape, breast size, 

direction of the lung displacements, as well as contouring and 

treatment planning, the lung dose can be varied in different pa-

tients, as shown in Fig. 4. 

Considering the heart dosimetric parameters, Joo et al. [7] re-

ported that patients with long maximum heart distance (MHD) 

and small lung volume have highly benefited from this technique. 

However, it is required to perform further studies for the determi-

nation of the anatomical parameters that affect both the heart 

and lung dose reduction and lead to the selection of patients most 

Fig. 2. Representation of displacement vectors for one of the patients with increasing left lung dosimetric parameters during deep inspiration 
breath hold: (A) axial, (B) sagittal, and (C) coronal.

Fig. 3. The A–G point positions of the left the lung relative to the radiation fields: (A) before displacement and (B) after displacement.

A B

A B C
A: Axial B: Sagittal C: Coronal
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likely to benefit from the DIBH technique. 

Another strategy for the improvement of heart sparing in breast 

cancer treatment is intensity-modulated radiation therapy. In this 

technique, due to using more radiation fields, the normal volumes 

that occur in the radiation fields increase, which results in the in-

crease of the normal tissue low-dose exposure. In addition, in this 

technique, due to the healthy tissues and  

CTV proximity, normal tissues occur in most radiation fields. De-

spite the reduction in the high-dose area, the low- and medi-

um-dose regions in the heart and lung increase [2,30] that can 

raise the dosimetric parameters of OARs for some patients, as re-

ported in some studies [31-34]. However, the high-dose regions in 

the heart could decrease without these additional increases in the 

low- and medium-dose areas using DIBH [2]. Nonetheless, the 

lung dose can be different in various patients with this technique. 

As a result, in comparison to FB, DIBH is a more effective tech-

nique for the reduction of the heart dose, which is sometimes as-

sociated with increasing the left lung dosimetric parameters. 
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cal analysis.

8) Figures

Upload each figure as a separate image file. The figure images should 

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, author must contact each publisher to 

request permission and this should be remarked on the footnote the 

figure. Figures should be numbered, using Arabic numerals, in the or-
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der 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 bearing 

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 paragraph. 

Capitalize the first letter of the first word. A legend for each light mi-

croscopic photograph should include name of stain and magnification. 

Electron microscopic photograph should have an internal 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 pag-

es 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 two pages. It should have maximum 5 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 editorial office.

Editorial Committee Office

The Korean Society for Radiation Oncology

Department of Radiation Oncology, Samsung Medical Center, 81 Ir-

won-ro, Gangnam-gu, Seoul 06351, Korea

Tel: +82-2-3410-2612

E-mail: rojeditor@gmail.com, homepage: http://e-roj.org

6. ADDITIONAL INFORMATION

(1) Copyright
All published papers become the permanent property of The Korean So-

ciety for Radiation Oncology. Upon acceptance of the manuscript, the 

authors will be required to sign a statement confirming that the manu-

script contains no material the publication of which violates any copy-

right 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 2016 issue.
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Research and 
Publication Ethics

For the policies on the research and publication ethics not stated in 

this site, Good Publication Practice Guidelines for Medical Journals or 

Guidelines 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 interpre-

tation of data; 2) drafting the article or revising it critically for im-

portant intellectual content; 3) final approval of the version to be 

published; and 4) agreeing to be accountable for all aspects of the 

work in ensuring that the questions related to the accuracy or integ-

rity of any part of the work are appropriately investigated and re-

solved. Authors should meet these 4 conditions.

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. 

If duplicate publication related to the papers of this journal is detect-

ed, 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 

Editors (WAME) as the “use of others’ published and unpublished 

ideas or words (or other intellectual property) without attribution or 

permission, and presenting them as new and original rather than de-

rived from an existing source.” ROJ participates in the CrossCheck/

iThenticate program to investigate incidents of possible plagiarism. 

Manipulating data through fabrication, omission, or intentional dis-

tortion is unacceptable. Authors should be prepared to provide origi-

nal data to editors if there is a question of authenticity. Claims of 

scientific misconduct are investigated and addressed, guided by the 

Committee of Publication Ethics (COPE) Code of Conduct.

2. Statement of Informed Consent

Copies of written informed consent and Institutional Review Board 

(IRB) approval for clinical research should be kept. If necessary, the 

editor or reviewers may request copies of these documents to resolve 

questions about IRB approval and study conduct.

3. Statement of Human and Animal Rights

All human investigations must be conducted according to the princi-

ples expressed in the Declaration of Helsinki. All studies involving 

animals must state that the guidelines for the use and care of labo-

ratory animals of the authors’ institution, or any national law, were 

followed.

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 
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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 

identifiable conflicts of interest and the most likely to undermine the 

credibility of the journal, the authors, or of the science itself. Con-

flicts can occur for other reasons as well, such as personal relation-

ships, academic competition, and intellectual passion (http://www.

icmje.org/conflicts-of-interest/). If there are any conflicts of interest, 

authors should disclose them in the manuscript. The conflicts of in-

terest may occur during the research process as well; however, it is 

important to provide disclosure. If there is a disclosure, editors, re-

viewers, and reader can approach the manuscript after understand-

ing the situation and background for the completed research. The 

corresponding author must inform the editor of any potential con-

flicts of interest 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 af-

ter 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 in-

quiries on depositing 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 Shar-

ing 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 include a data sharing plan in the trial’s registration. The ICM-

JE’s policy regarding trial registration is explained at https://www.ic-

mje.org/recommendations/browse/publishing-and-editorial-issues/

clinical-trial-registration.html. If the data sharing plan changes after 

registration this should be reflected in the statement submitted and 

published with the manuscript, and updated in the registry record. 

All of 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.

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 in-

terest, an ethical problem discovered with the submitted manuscript, 

a reviewer who has appropriated an author’s idea or data, com-

plaints against editors, and other issues, the resolving process will 

follow the flowchart provided by the Committee on Publication Eth-

ics (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.

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 letter to editor. 

If any readers have a concern on any articles published, they can 

submit letter to editor on the articles. If there founds any errors or 

mistakes in the article, it can be corrected through errata, corrigen-

da, or retraction.
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Checklist

□ Copyright transfer form has been signed by all authors.

□ Ethics disclosure form has been signed by corresponding author.

□ The manuscript shall be written by Microsoft Office Word or HWP processing programs.

□ A title page including author details and a manuscript without author details of the original file of the article should be submitted 

separately.

□ The original file of the article should not include the affiliations and names of the authors.

□ Standard abbreviations are defined in a key at their first appearance in the manuscript, and are consistent throughout the text.

□ Generic names are used for all drugs. Trade names are avoided.

□ Normal laboratory values are provided in parentheses when first used.

□ Research or project support/funding is noted in cover letter.

□ Internal review board approval of study is indicated in cover letter.

□ References are accurate, complete and in numerical order as they appear in the text, only the first 3 authors are listed.

□ No more than 50 references are cited in review article.

□ No more than 55 references are cited in original article.

□ No more than 20 references are cited in case report.

□ A corresponding author and complete address, telephone number and e-mail address are provided in cover letter.

□ Written permission from publishers to reproduce or adapt previously published illustrations or tables is included.

□ Informed consent forms for identifiable patient descriptions, photographs and pedigrees are included.
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