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Introduction

Since radiation was first used for cancer treatment in 1886, 
great progress has been made. Currently, approximately half 
of all cancer patients receive some type of radiotherapy (RT), 
either curative or palliative, and when the tumor is localized, 
the cure rate is more than 50%-60% [1,2]. Among the tech-
nological advances made in the last 20-30 years, the clinical 
application of particle therapy is probably one of the hot-
test issues in the field of radiation oncology. Particle therapy 
may have an advantage over other types of RT due to the 
unique characteristics of particle beams, such as the presence 
of a Bragg peak, which allows deposition of high doses of 
radiation within the cancer tissue with much lower doses  
remaining in the surrounding normal organs [3]. Among the 
types of particle therapy that can be applied in the current 
management of cancer patients, proton beam therapy (PBT) 
is the most widely used technology. Considering the intrin-
sic physical properties of PBT, it is expected to improve the 
survival outcomes of cancer patients and their quality of life 
after treatment. These technological advances in the field of 

radiation oncology have been changing clinical practice [4]. 
Initially, clinical application of particle therapy was usually 
attempted only in challenging cases in which insufficient 
tumor control was expected with other types of RT or due 
to the proximity of critical organs, such as in cases of uveal 
melanoma or skull-base tumor [3]. In studies conducted in 
the late 1990s and early 2000s, particle therapy proved its 
efficacy, reaching a local control rate of 90% for the patient 
groups [5-8]. Since then, the clinical indications for particle 
therapy have been gradually expanded to include tumors 
in the head and neck, liver, central nervous system, abdo-
men, pelvis, and lung. In a recent study, particle therapy 
significantly lowered the incidence of toxicity compared to 
other types of RT even in concurrent chemo-RT for locally 
advanced disease [9]. 

Particle therapy facilities including PBT for medical pur-
poses have been installed and are operating in approximate-
ly 90 locations worldwide as of February 2020, and 30 insti-
tutions are preparing to install this technology [10]. In the 
early 2000s, the Korean government decided to build the first 
PBT facility in Korea at the National Cancer Center (NCC) to 
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introduce state-of-the-art treatment for cancer management 
and improve health and welfare, and the PBT facility at the 
NCC began treating patients in 2007. The second PBT facil-
ity has been operating at Samsung Medical Center (SMC) 
since the end of 2015, and as of 2020, two or more domestic 
institutions are planning to construct a particle therapy facil-
ity using either proton or carbon ions for patient treatment. 
Despite the recent increased interest in, and expectations for, 
particle therapy, and more than 10 years of clinical experi-
ence of PBT, the impact of these technological advances on 
the clinical practice of radiation oncology in Korea has not 
been well documented. Hence, we conducted this study to 
elucidate PBT use in Korea and identify the determinants of 
PBT use in radiation oncology departments. 

Materials and Methods
 
1. Study population

A retrospective analysis was conducted using pre-existing 
deidentified data extracted from the radiation oncology reg-
istry of the two PBT facilities operating in Korea (the NCC 
and SMC). Statistical data extracted from these registries did 
not include individual patients’ clinical information except 
parameters related to the current study. All patients who 
received other types of RT since the initiation of PBT were 
also identified in each institution. Because the two institu-
tions started offering PBT at different times, the evaluation 
periods were as follows: NCC, July 2007 to December 2019; 
and SMC, January 2016 to December 2019. For the data pre-
senting in every 2 years, that of 2007 was excluded because 
the PBT facility in NCC started its regular operation in July. 
All patients treated during those periods were included 
and divided into patients who received PBT and those who  
received other types of RT. Both institutions are located in 
the capital area, where 50% of the Korean population resides. 
SMC is located in the capital city, Seoul, approximately 33 
km from the NCC, which is located in a satellite city, Goyang, 
Gyeonggi Province, west of Seoul. The stage of disease was 
classified according to the most recent version of the Ameri-
can Joint Committee on Cancer staging system at the time 
of diagnosis including the 6th, 7th, and 8th version. Age at  
diagnosis was grouped into four categories: < 40, 40-64, 65-
74, and ≥ 75 years. Ethical approval for this study was waived 
in consultation with the institutional review boards of the 
relevant facilities, because this study involved the analysis of 
pre-existing deidentified data.

2. Statistical analyses
Descriptive statistics were generated to characterize the 

study population according to radiation modality (PBT 

vs. other types of RT). To identify the determinants of PBT  
receipt, chi-square tests were used to assess differences in fre-
quency distributions of categorical variables, and odds ratios 
(ORs) were calculated by analyzing 2×2 cross-table data. Var-
iables assessed as potential determinants included sex, age, 
tumor stage, patient region, RT setting, RT aim, enrollment in 
a clinical trial, re-irradiation status, and the type of primary 
site. Multivariate logistic regression modeling could not be 
performed as each patient’s individual information could 
not be captured. p < 0.05 was considered to indicate statisti-
cal significance. All statistical analyses were performed using 
SPSS ver. 27.0 (IBM Corp., Armonk, NY).

 
Results

The total numbers of patients who received PBT in Korea 
are shown by year with brief summaries of historical events 
since 2007 in Fig. 1. The numbers of patients have continu-
ously increased since the first PBT facility started opera-
tion at the NCC in 2007, whereas those of other types of RT 
relatively consistent or slowly increasing. The PBT facility at 
the NCC is equipped with two gantry rooms and one fixed-
beam room, and the proton beam is generated by a 230-MeV 
cyclotron (IBA, Louvain-la-Neuve, Belgium). The most dra-
matic increases in patient numbers were observed in 2015 
and 2016. In September 2015, the Ministry of Health and Wel-
fare of Korea expanded the National Health Insurance Sys-
tem (NHIS) coverage criteria for PBT from childhood cancer 
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Fig. 1.  Yearly numbers of patients who received proton beam 
therapy and timeline of major events related to the use of proton 
beam therapy in Korea. NCC, National Cancer Center; RT, radio-
therapy; SMC, Samsung Medical Center.
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Table 1.  Comparison of characteristics between patients who received PBT and other types of RT 

Variable PBT Other types of RT p-valuea)

Total 5,398 ( 48,637 (  
Sex   
    Male 3,812 (70.6) 21,593 (44.4) < 0.001
    Female 1,586 (29.4) 27,044 (55.6) 
Age (yr)   
    < 20 (pediatric) 629 (11.7) 380 (0.8) < 0.001
    20-40 362 (6.7) 3,820 (7.9) 
    40-64 2,325 (43.1) 29,856 (61.4) 
    65-74 1,295 (24.0) 10,319 (21.2) 
    ≥ 75 787 (14.6) 4,262 (8.8) 
Tumor stage   
    I-II 1,216 (34.1) 10,425 (28.7) < 0.001
    III-IV 868 (24.3) 12,251 (33.7) 
    Recurrent 1,481 (41.5) 13,589 (37.4) 
Patient region   
    Capital area 3,194 (59.2) 32,459 (66.7) < 0.001
    Others 2,193 (40.8) 16,134 (33.3) 
RT settingb)   
    Definitive 1,842 (76.4) 5,017 (26.5) < 0.001
    Adjuvant 531 (22.0) 12,501 (66.1) 
    Neoadjuvant 39 (1.6) 1,381 (7.3) 
Aim    
    Curative 4,496 (86.2) 32,676 (68.3) < 0.001
    Palliative 717 (13.7) 15,157 (31.6) 
Clinical trialb)   
    Yes 496 (17.3) 1,468 (5.4) < 0.001
    No 2,362 (82.6) 25,379 (94.5) 
Concurrent chemotherapy   
    Yes 914 (16.9) 10,440 (21.5) < 0.001
    No 4,484 (83.1) 38,197 (78.5) 
Re-irradiationb)   
    Yes 325 (12.8) 1,035 (4.7) < 0.001
    No 2,215 (87.2) 20,755 (95.3) 
Primary site   
    Genitourinary (prostate) 528 (9.8) 2,967 (6.1) < 0.001
    Breast 98 (1.8) 15,332 (31.5) 
    Eye/Orbit 83 (1.5) 38 (0.1) 
    Lung 741 (13.7) 9,423 (19.4) 
    Brain/CNS 650 (12.0) 1,379 (2.8) 
    Lymphoma/Leukemia 44 (0.8) 1,398 (2.9) 
    Liver 1,479 (27.4) 3,391 (7.0) 
    Pancreas/Biliary 303 (5.6) 1,661 (3.4) 
    Head and neck 572 (10.6) 2,654 (5.5) 
    Thyroid 7 (0.1) 286 (0.6) 
    Gynecology 148 (2.7) 2,812 (5.8) 
    Colon and rectum 207 (3.8) 3,480 (7.2) 
    UGI 230 (4.3) 1,943 (4.0) 
    Sarcoma 180 (3.3) 1,507 (3.1) 

Values are presented as number (%). CNS, central nervous system; PBT, proton beam therapy; RT, radiotherapy; UGI, upper gastrointestinal 
tract. a)p-value by chi-square test, b)Only available in single institutional data.
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alone to some adulthood cancers (central nervous system, 
head and neck, thoracic and abdominal malignancies except 
breast and prostate cancer) (S1 Table), as favorable clinical 
evidence for PBT accumulated, both domestically and over-
seas [11-16]. Since then, patients have had improved access to 
PBT, and the use of PBT by medical staff, whether in general 
practice or for clinical trials, has been possible. SMC began to 
operate the second PBT facility at the end of 2015. The PBT 
facility at SMC consists of two gantry rooms, and the pro-
ton beam is generated by a 230-MeV cyclotron (Sumitomo 
Heavy Industries, Tokyo, Japan). The most frequently pre-
scribed doses using proton were more than 80 Gy of 2-Gy 
equivalent dose and hypofractionation scheme (daily doses 
of 2-5 Gy and 5-10 Gy) was frequently used. The pencil beam 
scanning technique, a second-generation PBT, was used in 
40% of all PBT cases. Summary of radiation parameters used 
in PBT are described in the S2 Table. 

In total, 54,035 patients were identified as having been 
treated with some form of first-course RT in the two institu-
tions during the study period, based on their patient regis-
tries. Of these, 5,398 individuals received PBT (10.0% of all 
patients receiving RT in the two institutions), whereas the 
remaining 48,637 patients with cancer received other types 
of RT. The proportions of patients who received PBT among 
those who received any type of RT for each categorical vari-
able are listed in Table 1. Distributions of sex, age, tumor 
stage, patient region, RT setting, RT aim, clinical trial enroll-
ment, combination chemotherapy status, re-irradiation sta-
tus, and primary site type were compared between patients 
who received PBT and those who received other types of RT. 
Compared to other types of RT, the PBT group contained 
significantly more males and very young (< 40 years) or old 
(> 65 years) patients with a tumor stage of I-II. Regarding 
treatment-related factors, PBT was administered in a signifi-
cantly more definitive setting with a curative treatment aim. 
A significantly larger proportion of patients was treated with 
PBT in a clinical trial setting, and there were more re-irradia-
tion cases in the PBT group. Liver cancer (27%) was the most 
common primary malignancy in the PBT group, followed by 
lung (14%), brain/central nervous system (12%), head and 
neck (11%), and genitourinary (prostate) malignancies (10%). 
Among pediatric patients, central nervous system tumor 
(66.7%) was the most common primary site in the PBT group, 
followed by soft tissue sarcoma (8.5%). By contrast, female 
breast cancer was the most common primary malignancy in 
patients who received other types of RT. In subgroup analy-
sis for pediatric cancer, the PBT group included significantly 
more patient age < 3-year-old, craniospinal irradiation and 
brain/central nervous system primary (S3 Table). The ORs 
of PBT use versus that of other types of RT are listed in  
Table 2. Male sex, a very young or old age, stage I-II disease, 

residency in a non-capital area, a definitive setting, a curative 
treatment aim, enrollment in a clinical trial, re-irradiation, 
and insurance coverage were significantly associated with 
the receipt of PBT compared to other types of RT. In terms of 
primary site, liver cancer (OR, 7.33; 95% confidence interval, 
6.29 to 8.54; p < 0.001) had the largest OR of PBT use com-
pared to colon/rectum cancer. 
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Table 2.  Determinants of proton beam therapy utilization 
among all cancer patients in radiation oncology department

Variable
 Odds ratio 

p-valuea)
 (95% confidence interval)

Sex
    Female 1.00 (reference) 
    Male 3.01 (2.83-3.20) < 0.001
Age (yr)  
    40-64 1.00 (reference) 
    < 20 (pediatric) 21.25 (18.58-24.30) < 0.001
    20-40 1.21 (1.08-1.36) < 0.001
    65-74 1.61 (1.50-1.73) < 0.001
    ≥ 75 2.37 (2.17-2.58) < 0.001
Tumor stage  
    I-II 1.00 (reference) 
    III-IV 0.60 (0.55-0.65) < 0.001
    Recurrent 0.93 (0.86-1.01) 0.096
Patient region  
    Capital area 1.00 (reference) 
    Others 1.38 (1.30-1.46) < 0.001
RT setting  
    Adjuvant 1.00 (reference) 
    Definitive 8.64 (7.80-9.57) < 0.001
Aim  
    Palliative 1.00 (reference) 
    Curative 2.90 (2.68-3.15) < 0.001
Clinical trial  
    No 1.00 (reference) 
    Yes 3.63 (3.25-4.05) < 0.001
Re-irradiation  
    No 1.00 (reference) 
    Yes 2.94 (2.57-3.35) < 0.001
Primary site  
    Colon/Rectum 1.00 (reference) 
    Genitourinary 2.99 (2.52-3.53) < 0.001
      (prostate)
    Lung 1.32 (1.12-1.55) 0.001
    Liver 7.33 (6.29-8.54) < 0.001
    Head and neck 3.62 (3.067-4.28) < 0.001
Insurance coverage  
    None or pediatric only 1.00 (reference) 
    After expansion  1.54 (1.461-1.64) < 0.001
RT, radiotherapy. a)p-value by chi-square test. 
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We further assessed the most common primary site at 
which PBT was frequently used and found that the top-
ranked primary site of PBT had changed over time (Table 
3). Initially, genitourinary malignancies, as represented by 
prostate cancer, were the most common primary sites for 
PBT, followed by hepatobiliary malignancies and lung can-
cer. However, hepatobiliary malignancies, as represented by 
liver cancer, had risen to the top by 2014-2015, whereas geni-
tourinary malignancies fell to a rank of third that year and 
disappeared from the list of the top five most common can-
cers by 2018-2019. In the case of other types of RT, breast and 
lung cancer were consistently identified as the most frequent 
primary cancers during the same period. In Fig. 2, changes 
in the use of PBT among all RT cases according to primary 
site by year are depicted. As shown in Fig. 2A, the overall 
use of PBT has been gradually increasing, from 6% to 16% 
of all radiation oncology resources. The use of PBT in hepa-
tobiliary, head and neck, and esophageal malignancies has  
increased notably in the last 3-4 years (Fig. 2B-D). As pre-
sented in Fig. 2F, PBT use in prostate cancer has been con-
tinuously decreasing from over 40% to below 10%. The use 
in pediatric cancer seems to be relatively constant (Fig. 2E).

Discussion

Evaluation of PBT use in a country should be performed 
in a comprehensive manner that is not limited to clinical  
aspects, because the use of certain medical resources to man-
age cancer in society can be influenced by changes in a varie-
ty of environmental factors, including governmental policies 
on health and medical systems, the socioeconomic status of  
patients, accessibility to medical facilities, and the incidence 
of certain types of cancers. In this study, we characterized 
how PBT has been used in clinical practice by assessing 
changes in PBT use over time and comparing PBT patients’ 
characteristics with those of patients who received other 
types of RT in Korea. Since the initiation of PBT in Korea, the 
numbers of patients receiving PBT have steadily increased 
to more than 1,000 per year with an overall use rate of  
approximately 10.0% of all types of RT in the two PBT cent-
ers. Not only have clinical experience related to PBT and 
technological advances increased but there have also been 
considerable changes in the medical environment, as repre-
sented by the expansion of the coverage criteria for PBT by 
the NHIS. Whether PBT is included under NHIS coverage 
is critical in the Korean medical system, which is distinctive 
from those of other countries. Our study is in response to 
calls from the Korean Cancer Association to improve PBT 
use across the country and share the experience with other 
experts.
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To confirm the specificity of PBT use in Korea, it is neces-
sary to compare the results of our study with similar studies 
in other countries. Unfortunately, only a few studies regard-
ing patterns of care using PBT are available to date. Parikh-
Patel et al. [17] retrospectively assessed PBT use in California 
between 2003 and 2016 based on data from the California 
Cancer Registry. During the study period, California had 
two operating PBT centers (Loma Linda University and Cali-
fornia Protons in San Diego) and one proton ocular center 
(University of California, San Francisco). Among approxi-

mately 600,000 cancer patients who had received some form 
of RT, 8609 (1.5%) received PBT. Because we analyzed data 
from the patient registry of two individual institutions and 
not a nationwide database, a direct comparison of the overall 
use rate of PBT is not possible. If we consider all RT cases in  
Korea during the study period, approximately 60,000 per 
year were estimated to have received some form of RT  
according to a previous report [18]. During our study period 
of 2007-2019, a total of 5,398 individuals received PBT, and 
approximately 420 patients (5,398 patients/13 years) were 

Cancer Res Treat. 2021;53(4):935-943

Fig. 2.  (A-F) Changes in utilization of proton beam therapy among all patients in radiation oncology departments of two proton therapy 
centers by primary site and pediatric tumor (bule bar, National Cancer Center; red bar, Samsung Medical Center). GI, gastrointestinal.
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estimated to have received PBT each year. Overall, the PBT 
use rate in Korea during the study period could be roughly 
estimated as 0.7% (420/60,000); however, the numbers of  
patients receiving PBT have been increasing substantially 
since 2015-2016, and the rate is expected to rise continuously. 

The pattern of PBT use differs depending on the type of 
primary site. In other countries, prostate cancer may be the 
most common cancer for which patients receive particle ther-
apy. In California, the most common cancer treated with PBT 
is prostate cancer (41.3%), followed by breast (14.0%), eye 
(11.7%), lung (6.1%), and brain (6.0%) cancers [17]. Accord-
ing to a report from the National Institute of Radiological Sci-
ences in Japan describing their 20-year clinical experience of 
particle therapy using carbon ions [19], prostate cancer (22%) 
is still the most common primary site type in their institution, 
followed by cancers of the bone and soft tissue (13%), head 
and neck (11%), lung (10%), and liver (6%). Prostate cancer 
has a high incidence rate worldwide, and particle therapy 
centers using either proton or carbon ions have long promot-
ed this modality for the treatment of prostate cancer [17]. It is 
worth mentioning Japan’s NHIS because it is similar to that 
of Korea. Both countries’ NHISs cover particle therapy; how-
ever, there are some differences in specific indications [20]. 
Prostate cancer is within the scope of coverage for particle 
therapy in Japan’s NHIS [20], but not in that of Korea, which 
has a relatively wider range of coverage criteria for PBT.

Of note, the most common primary site type in this study 
was liver cancer (27%), but genitourinary malignancies as 
represented by prostate cancer (10%) were the fifth-most 
common primary site type (Table 1). There are several poten-
tial reasons for this difference. First, the exclusion of prostate 
cancer from the scope of NHIS coverage in 2015 probably 
had a critical impact. This decision appeared to be influenced 
by an announcement at the time from the American Society 
for Radiation Oncology that they did not routinely recom-
mend PBT for prostate cancer outside of a prospective clini-
cal trial because clinical benefits of PBT over intensity-modu-
lated RT had been rarely demonstrated [21]. As shown in Fig. 
2F, the PBT use rate for prostate cancer has decreased nota-
bly since 2014-2015. By contrast, the use rate of PBT for the 
treatment of liver cancer has been steadily high, since it was  
included in the scope of NHIS coverage in 2015. Additional-
ly, the relatively high prevalence rate of liver cancer in Korea 
compared to Western countries would have affected the use 
of PBT. Several prospective studies have demonstrated the 
efficacy of PBT in liver cancer [22-25], and recently, the first 
level I evidence on the use of PBT for the treatment of liver 
cancer was published by Kim et al. [26]. These results will 
likely further promote the application of PBT in the future. 
In the meantime, the application of PBT on head and neck 
cancer (especially in SMC) or esophageal cancer (especially 

in NCC) has also increased in recent years. In fact, though it 
would be difficult to compare clinical policies in using PBT 
for head and neck cancer in these two institutions in detail, 
there could be several reasons for high utilization of PBT in 
head and neck cancer in SMC (Fig. 2C), such as relatively 
large proportion of those disease in SMC and the starting 
year of PBT in SMC (after the expansion of the insurance 
coverage). Regarding esophageal cancer (Fig. 2D), NCC has 
currently ongoing institutional clinical trial for esophageal 
cancer, the utilization of PBT for those patients could have 
been encouraged. Recent technological advances in PBT,  
including the recent development of the pencil beam scan-
ning technique and a wider field size, also may be one reason 
for the diversification of PBT indications.

Regarding the determinants for the receipt of PBT, patient 
and tumor characteristics differed significantly between the 
PBT group and patients who received other types of RT. Being 
a patient of male sex, of a very young or old age, with stage 
I-II disease, and who resided in a non-capital area was associ-
ated with a higher OR of receiving PBT versus other types of 
RT. The most common types of cancer related to PBT, such as 
liver cancer or prostate cancer, are male-predominant tumors 
[27], so a significantly higher proportion of cancer patients 
who received PBT was male (71%) in our study. In general, 
previous studies have reported that the closer a residence is 
to a PBT facility, the higher the PBT use rate [17]. However, 
the distance between patients’ residence and a PBT facility 
was not a determinant for the choice of PBT in our study, 
possibly due to the relatively small land area and advanced 
public transportation systems in Korea [28]. Although we 
could not assess the socioeconomic status of the patients 
in this study, several previous studies in other countries 
have shown that PBT use differs significantly according to  
demographics and health insurance type. In the United 
States, being white or male and relatively young, having a 
higher socioeconomic status and Medicare insurance, and 
proximity to a facility were significantly associated with 
PBT use [17]. Ryckman et al. [29] used the National Cancer  
Database (NCDB) to examine patterns of care associated 
with PBT use in adult patients with primary brain tumors 
in the United States. In total, 438 adult brain tumor patients 
were identified as having received PBT. Several patient-relat-
ed and socioeconomic factors were significantly associated 
with the receipt of PBT, including a younger age, being in 
the highest income quartile, treatment at an academic insti-
tution, residence location, diagnosis in more recent years, 
fewer comorbidities, and non-glioblastoma histological  
results. Shen et al. [30] also assessed the determinants of PBT 
use in pediatric cancer in the United States using the NCDB. 
Similar to the results for adults, socioeconomic factors such 
as the type of insurance, household income, and educational 
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attainment were significantly associated with increased PBT 
use. Meanwhile, pediatric cancer patients with metastatic 
disease were less likely to receive PBT in their study. Those 
results may not be the case in Korea, possibly because Korea 
has only one NHIS. 

Our study had some limitations that should be considered 
when interpreting the results. As mentioned above, the study 
was based on the patient registries of only two PBT facilities 
in Korea, which were installed at different times. The regis-
tries assessed in this study collected information on only the 
first course of RT. If PBT was administered in a subsequent 
round of RT, this information would not have been available 
for this analysis. Also, the difference or the lack of informa-
tion such as insurance or clinical trials in two separate regis-
tries in NCC and SMC prevented further analysis. Regard-
ing patient referral from other hospital for PBT, there was an  
ambiguous aspect to identifying the proportion of such  
patients because there can be a variety of reasons other than 
PBT for patients to change their hospitals. Although it was 
not able to evaluate in this study, the proportion of patient 
who came from other hospitals only for PBT is presumed 
to be not large except pediatric cancer. Despite these limita-
tions, this is the first pattern-of-care study to examine PBT 
use for all cancer types in Korea. The results can be used as 
reference material for decision-making regarding the future 
introduction of particle therapy. There have been notable 
changes in PBT use over time in Korea, with PBT use differ-
ing significantly according to several patient- and treatment-
related factors. Constant efforts of medical experts and policy 
makers in society are required to enhance the evidence-based 

use of PBT in clinical practice and minimize the number of 
patients who are marginalized or lack access to this cutting-
edge treatment. 
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