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Biological dosimetry is the measurement of radiation-induced changes in the human to measure
short and long-term health risks. Biodosimetry offers an independent means of obtaining dose information and also provides diagnostic information on the potential for “partial-body” exposure information using biological indicators and otherwise based on computer modeling, dose reconstruction,
and physical dosimetry. A variety of biodosimetry tools are available and some features make some
more valuable than others. Among the available biodosimetry tool, cytogenetic biodosimetry methods
occupy an exclusive and advantageous position. The cytogenetic analysis can complement physical
dosimetry by confirming or ruling out an accidental radiological exposure or overexposures. We are
discussing the recent developments and adaptability of currently available cytogenetic biological dosimetry assays.
Keywords: Biological dosimetry, Cytogenetics, Radiation

Introduction
In each phase, a human being’s lifespan is considered to be exposed to ionizing radiation (IR) because of its various applications.
They are characterized as ionizing based on the distinct photon’s
energy; those are X-rays, γ-rays, α-particles, β-particles, and neutron. IR has numerous prospective applications such as medical
diagnosis, cancer treatment, power generation, etc. It is inevitable
that a definite amount of radiation exposure to humans while implementing IR for those beneficial applications. Nevertheless, because of the support of IR and reported side effects, the use of radiation application is decisively controlled, measured and monitored by the regulatory bodies. Those are the International Atomic
Energy Agency (IAEA), the International Commission on Radiological Protection (ICRP), the World Health Organization (WHO) and
the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) for assessing radiation risks, provide recom-

mendations, and promote the safe use of radiation technologies,
which is developing rapidly and gaining complexity. In addition to
occupational exposure, accidental, radiological or nuclear exposure can cause serious health effects. More than that, radiological
or nuclear terrorism constitutes a potential threat to several nations, where several hundred and thousands of people may potentially get exposed to radiation. Many atomic disasters since Chernobyl [1] to Fukushima Daiichi [2] clearly illustrate a critical need
for suitable biomarkers for personalized radiation dose assessment
where physical dosimeters are unavailable, which can be useful
for appropriate medical/clinical management.
The estimation of the dose received by an individual during accidental exposure, suspected overexposures, and the fraction of body
exposed and dose to the irradiated fraction using a biological indicator is termed biological dosimetry. It is observed that recording
various clinical signs such as cell counts in blood, functions of the
central nervous system, vomiting, diarrhea, and alopecia as acute
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radiation syndrome using biological dosimetry [3]. These preliminary assessment results would enlighten the exposure dose range
and therapeutic management of that incident. Moreover, biological
dosimetry directs and offers assessment provision for screening,
therapeutic management, and long-term risk assessment. The radiation-induced changes in biomolecules can be measured using biological indicators. There are many biological indicators of radiation exposure, such as cytogenetics [4], mutations [5], gene expression [6], protein modifications, such as γ-H2AX [7], metabolic intermediates [8], inflammatory signaling [9], genomics [10], transcriptomics [11], and proteomics [12]. Out of these mentioned biological indicators, cytogenetic biomarkers (Table 1) are considered
the most sensitive and reliable among the biological indicators
used to quantify an absorbed radiation dose during radiation emergencies. After cells getting exposed to radiation, DNA strand breaks
take place and by the cellular DNA repair systems, which are then
repaired. Unrepaired and poorly repaired breaks can lead to abnormal changes in chromosome structures and form dicentric chromosomes (DC), containing two centromeres after fusion of two
damaged chromosomes and broken chromosome rearrangements
result in translocation. Counting these various abnormal chromosomes is dose-related, providing a strong dose-response relationship [13]. The strategy for growing the throughput of biological
dosimetry is developing networks among biodosimetry laboratory

available globally. Several networks have been recognized to improve dose estimation throughput, such as the Latin American Biological Dosimetry Network [14], the National Biological Dosimetry
Response Plan (NBDRP) in Canada [15], the Chromosome Network
in Japan [16], BioDoseNet [17], the European Network, Realizing
the European Network of Biodosimetry (RENEB) [18], NATO biodosimetry group [19], EURADOS (European Radiation Dosimetry
Group) [20], China [21] and in South Korea [22] for the cytogenetic
assays.

Cytogenetic Biodosimetry Assays
1. DC assay
It is essential to quantify aberrations in first-division cycle metaphase spreads for cytogenetic biological dosimetry using human
peripheral blood lymphocytes. Structural changes are observed in
their entirety without the confounding effects of elimination and
dilution of aberrations associated with cell division. The most commonly occurring radiation-induced abnormality is DC. The DC is an
aberrant chromosome with two centromeres formed by the fusion
of two different chromosome segments, each with a centromere,
which accompanies an acentric fragment. The DC assay, which has
to be performed after 2 days of whole blood culture with phytohemagglutinin, followed by a 24-hour incubation with colchicine,

Table 1. Comparison of cytogenetic biodosimetry assays
Dicentric
CBMN
Translocations
Detection limit (Gy)
0.1
0.25
0.30
Culture time (hr)
48
72
72
✓
✓
✓
Inter-laboratory comparison
✓
✓
✓
Automation
Advantages
Gold standard
Less time required
Retrospective analysis
Specific to ionizing radiation Non-technical person can be
Low baseline frequency
scored
Accepted world-wide
Disadvantages

Developments
Networking
Web based scoring
Dose assessment for triage
Triage scoring (50 cells)
RABiT
Partial-body exposures

Time consuming
Non-specific to radiation
Technical expertise required Baseline variation

✓
✓
✓
✓
✓
✓

✓
✓
✓
×
✓
×

PCC
0.05
2 (fusion time)
✓
✓
Does not require culture time
Can be detected > 5 Gy

More expensive (mFISH/SKY) Time consuming
Highly expertise dependent Technical expertise required
Need quality fluorescent microscope
✓
✓
×
×
×
×

✓
✓
✓
✓
×
✓

CBMN, cytokinesis blocked micronucleus; PCC, premature chromosome condensation; RABiT, Rapid Automated Biodosimetry Tool; mFISH/SKY, multiple fluorescence in situ hybridization/spectral karyotyping.
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a mitosis-blocking agent. After fixation, metaphase chromosomes
are generally stained with Giemsa, representing the conventional
method and centromeric staining allows better detection of chromosomal aberrations [23]. DCs are sensitive for agents that induce
double-stranded DNA breaks, such as IR. They can be used to estimate the unknown absorbed dose during a radiological emergency
by counting their frequency. Furthermore, DC’s are unstable aberrations, and during mitotic division, it can induce cell death, limiting
the use of this biomarker to a post-exposure after few months. The
background frequency is 1 in 1,000 cells irrespective of ages, and
the sensitivity of the DC test is 0.1 Gy, making it the gold standard
for biodosimetry applications [24]. The DC assay has been widely
used in numerous accidental events, such as Chernobyl [25], Istanbul [26], Goiania [27], Bangkok [28], Marshall Islands [29], Taiwan
[30], and Xinzhou, China [31]. However, the analysis is long and laborious. It requires qualified personnel to identify chromosomal
aberrations in the course of large scale radiological incidents,
where rapid segregation is vital for triage and needs to be segregated by no exposure, moderately or severely exposed humans to
obtain suitable therapeutic countermeasures. In this view, to speed
up the scoring and confirm clinical triaging can typically be
achieved by scoring 20 metaphases per subject. If there is disagreement, scoring should be increased to 50 cells [32]. The evidence
from published data [33] shows that the automated DC scoring
positively improves the rapidity of radiation absorbed dose assessment. And also, a single lab cannot handle the enormous number
of samples and it is essential to join hands with other labs in and
around their region. For this, an exercise was initiated, such as inter-lab comparison, which gives knowledge on harmonization in
the protocol, sharing the workload, scoring criteria. The investigation on chromosome preparations or analysis by microscopic analysis and/or image galleries made by other laboratories is vastly improved via inter-lab comparison exercises worldwide [14-16,23,34].
While some aspects of the assay have been successfully streamlined, the overall throughput remains limited by the labor-intensive
identification of DCs in many cells. This affects the timely estimation of radiation exposure, especially for testing multiple affected
individuals in a large accident or a mass casualty nuclear event
[35]. Conventional DC assay remains the “gold standard” biodosimetric technique in estimating the radiation absorbed dose because
of its specificity, sensitivity and low background frequency. In the
case of mass casualty radiology or nuclear events, several thousands of people may get exposed. In such situations, the DC analysis for such a large population will take a considerable amount of
time. Its long assay time ( > 50 hours) makes it impractical for its
application during mass casualty incidents. During triage, to reduce
the scoring burden, to improve the time efficiency and without loshttps://doi.org/10.3857/roj.2021.00339

ing accuracy, a scoring technique called “DCA QuickScan” [36] has
been introduced dose estimation.

2. Cytokinesis blocked micronucleus assay
Micronuclei (MN) are formed from lagging chromosome fragments
or whole chromosomes at anaphase that are not included in the
daughter cell’s nuclei. Therefore, they are seen as distinctly separate small spherical objects with the same morphology and staining
properties of nuclei within the daughter cell’s cytoplasm [37]. MN
reflects chromosomal damage and is a useful index for monitoring
environmental effects on human cell’s genetic material [38]. Due
to the simplicity and rapidity of scoring, this assay has shown
promising potential in triage medical management. However, due
to the background frequency of spontaneous MN frequency (0.002
to 0.036/cells), the sensitivity is 0.25 Gy [24]. The assay was adopted in Chernobyl [39] and Istanbul [40] radiation accident. MN reflects chromosomal damage and is a useful indicator for monitoring environmental effects [39]. Even though these MN are not radiation specific, an increase with dose has been observed and validated as a technique for estimating radiation exposure [41]. Cytokinesis blocked micronucleus (CBMN) assay’s advantage over the
DC assay is that the analysis manually is considerably faster. Only
200 binucleated cells are required to provide a sensitivity of 1 Gy
[42], and the method requires less technical expertise. In the case
of large-scale accidents involving thousands of victims, a single biological dosimetry laboratory’s capacity would be insufficient. A
biodosimetry laboratory network’s availability would be an essential element to ensure adequate emergency response strategies
[17]. Thus, an effort has been made to establish a network that can
provide a harmonized performance of biological dosimetry assays
[43]. However, this approach involves sample shipment and tracking, which is often problematic. It is necessary to setting-up for
high throughput to handle multiple samples in a large-scale situation. A biodosimetry laboratory engaging operational automation
could take countless samples [44]. At present, several studies have
confirmed the reliability of the automated CBMN assay for high
throughput population triage [45-47].
The absence of cellular visualization using conventional flow cytometry makes it impossible to quantify mono-, bi-, and poly-nucleated cells with and without MN. To overcome this, imaging flow
cytometry has been proposed, which combines high-resolution microscopy with flow cytometry. Cells in suspension can be captured,
removing the need for microscope slides and allowing visualization
of intact cytoplasmic membranes and DNA content. Thus, mono-,
bi-, and poly-nucleated cells with and without MN can be rapidly
and automatically identified and quantified [46]. Rapid Automated
Biodosimetry Tool II (RABiT-II), a fully automated with a signifi161
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cantly reduced time to obtain the result for a fast high-throughput
biodosimetric estimation, has been proposed. By using this approach, the radiation doses for irradiated samples from two donors
were estimated within 20% of the correct dose ( ± 0.5 Gy below 2
Gy) in 97% of the samples, with the doses in some 5 Gy irradiated
samples being underestimated by up to 25% [47]. Recently, a quick
CBMN harvest protocol has been proposed for isolated peripheral
blood mononuclear cells and it is a viable alternative to cytocentrifugation, as many scorable binucleated cells were obtained with
routine biodosimetry [48].

tinct and easy to discriminate between dicentrics and translocations. The yield of stable chromosomal aberrations was high, correlating with the severity of acute radiation sickness (ARS) in the
blood cells of 17 radiation accident victims who had suffered ARS
ranging from severity grades I to IV [57]. However, it is robust and
seems to be less sensitive than the others, with a detection limit of
approximately 0.30 Gy, according to several studies [52]. The evaluation of this lack of sensitivity in low doses clarified that it is due to
spontaneous translocations rate in individual variability, assessed in
large-scale inter-laboratory exercises [58].

3. Translocation Assay

4. Premature Chromosome Condensation Assay

IR induced chromosomal exchanges like DC and MN are eliminated
from the circulating blood within 1–3 years depending on the exposure. As a result, there is considerable uncertainty in dosimetry for
past exposures [49]. Scoring stable chromosomal exchanges such as
translocations is an alternative approach to overcome this problem.
Translocations result from a minimum of two DNA DSBs and a
union of at least two altered chromosomes. The method used for
stable aberrations is currently the analysis of chromosomal translocations. Many laboratories initially explored G-banding’s use to
identify translocations for biodosimetry purposes [50]. The bands are
formed on chromosomes when metaphase chromosomes are treated with a proteolytic enzyme, the trypsin. Banding allows identifying individual chromosomes and chromosomal regions within it and
specific chromosome alterations like translocations, inversion, etc.
This technique was employed to estimate the dose received by
atomic bomb survivors [50] and long-term occupationally exposed
radiation technologists [51]. It is possible to estimate the absorbed
dose more than 20 years after exposure using in situ hybridization
combined with various chromosome-staining strategies [52]. Fluorescence in situ Hybridization (FISH) allows detecting DNA sequences in chromosome preparations, including stable aberrations like
translocations. A FISH assay-based translocation measurements are
fast and straightforward compared to G-banding and superior to
conventional DC analysis for retrospective biological dosimetry [24].
FISH’s utility with whole-chromosome probes is a potential utility
for translocation frequency analysis in assessing the level of acute
radiation exposure independent of the time between analysis and
exposure [53]. Guerrero-Carbajal et al. [54] reported the persistence
of translocations through three cell cycles in irradiated cultures of
lymphocytes. This assay has been used in follow-up study among
Chernobyl accident victims from 1991 to 1994 [55]. The frequencies
of translocations recorded in atomic bomb survivors and estimated
doses were closer to the expected dose derived by calculation obtained with an in vitro dose-response curve [56]. FISH-based translocation analysis's main advantage is that the aberrations are dis-

Usually, to study chromosomal aberrations, like DC assay in lymphocytes, it has to be stimulated to divide and then arrested at the
metaphase stage. This procedure involves a turn-around time of
> 50 hours after blood withdrawal. In a radiation emergency, exposed individuals cannot wait until the results to start the medical
treatment. Hence, the premature chromosome condensation (PCC)
technique was first developed by Johnson and Rao [59]. The mitotic
phase cells induce the condensation of chromatin filaments at interphase cells upon fusion with a fusogen. Conventionally, PCC is
induced by fusing peripheral blood lymphocytes (PBL) with mitotic
Chinese hamster ovary (CHO) cells using polyethylene glycol or
Sendai virus [59]. In peripheral blood, most of the cells will be in
the resting stage (G0) during collection, so it is useful to estimate
the dose using PCC. This technique helps to study the radiation-induced damages without stimulation of the cells. The aberrations
can be studied within 2 hours; therefore, chances for the loss of information due to interphase cell death are reduced [60]. Another
advantage of this assay is that it can be used at high dose ( > 5 Gy)
estimation because conventional cytogenetic dosimetry using
chromosomal aberrations becomes difficult due to mitotic delay
and disappearance of lymphocytes from peripheral blood circulation [61]. It is proven that some accidents need to estimate exposures for high doses and whole or partial body exposures [62]. Recently, studies have shown that using this technique dose-effect
curve can be generated for higher doses for gamma rays (25 Gy)
and neutrons (10 Gy) [63-65]. In addition to using non-mitogen
stimulated culture for the PCC assay, many researchers use mitogen-stimulated cultures (48 hours) for the PCC assay and selected
G2PCC spreads to score structural chromosomal aberrations [66].
Many studies have investigated exposure biomarkers for high dose
radiation. The dose-response of multiple biological endpoints, including G2/A-PCC (G2/M and M/A-PCC) index, PCC ring (PCC-R), a
ratio of the longest/shortest length (L/L ratio), and length and
width ratio of the longest chromosome (L/B ratio) has been reported [67]. However, skilled personnel must do the scoring as the
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metaphases contain chromosomes of both lymphocytes and mitotic cells. The minimum dose detection limit of using this technique
is 0.05 Gy [68]. The PCC assay with PBL is recommended as a rapid
biodosimetry method [69]. Biological dosimetry was performed on
three seriously exposed victims of the Tokaimura criticality accident
in Japan [70]. The use of fluorescent staining to detect centromeres
and telomeres on PCC fragments has made it possible to count the
anomalies typically identified (dicentrics, rings, acentric) [71]. Manual scoring following telomere and centromere staining revealed a
significantly higher frequency of dicentrics (up to 30%) compared
to Giemsa staining due to improved detection of dicentrics with
centromeres. This enhancement allowed improved software, TCScore, that detected 95% of manually scored dicentrics compared
to 50% for the best currently available software (DCScore) [71].
Blind dose assessments were executed for triage biodosimetry investigating G0-lymphocyte PCC for standardization, harmonization,
and validating the PCC assay [72]. It is also possible for automation
[73], in addition, and new approaches have been introduced [74].
The combination of automatic image acquisition and automated
image analysis of PCC allows calculating the length ratio of the
longest and the shortest chromosome pieces that can be used for
dose estimation [66].

Conclusion
The point-of-care response plans need to be optimized for the
medical management of mass casualty radiological events for triage management to integrate biodosimetry cytogenetic assays,
validate these technologies through field testing and optimization
of reach back diagnostic laboratory networks. However, DC assay
remains the gold standard among all other cytogenetic assays employed for biological dosimetry. Whereas underestimation of dose
would lead to analyzing unstable chromosome aberrations for retrospective dose estimation, stable aberrations like translocations
would give accurate dose estimation of late exposure. Some other
dose assessment modes using genomics, proteomics, and electron
paramagnetic resonance (EPR) methods are in development. In future perspective, to avoid underestimating the dose due to variations in individual radiosensitivity, the best approach is probably to
combine a cytogenetic test with physical dosimetry or even a targeted genomic approach, especially in the case of disease. Targeted
genomics is booming, particularly in the field of cancer.
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Purpose: To provide a new insight on a novel safe cardiac radioablation using deep inspiration
breath-hold (DIBH) to reduce gastrointestinal dose.
Materials and Methods: For treating incessant ventricular tachycardia (VT) originated from left ventricle inferior scar abutting the stomach, a target delineation and treatment planning for cardiac radioablation was performed. With four different computed tomography (CT) scan protocols—DIBH, full
expiration breath-hold, four-dimensional (4D) CT without and with abdominal compression, the distances between the target and the stomach were compared.
Results: Among the protocols, the CT scan with DIBH showed largest distance between the target
and the stomach and selected for the treatment planning. The prescribed dose was 25 Gy in a single
fraction, and satisfactory dosimetric parameters were achieved with the DIBH. The patient was successfully treated with the DIBH, and experienced no acute toxicity.
Conclusion: To gain the best benefit from cardiac radioablation, understanding the possible toxicity
in the adjacent organs is crucial. By moving the heart with thoraco-diaphragmatic movement by
DIBH, the target could be physically separated from the stomach.
Keywords: Radiotherapy, Ventricular tachycardia, Deep inspiration breath-hold

Introduction
Noninvasive cardiac radioablation, delivered with stereotactic body
radiotherapy (SBRT), was recently introduced as a treatment option
for life threatening refractory ventricular tachycardia (VT) [1,2]. Depending on location of the target within the ventricle, a variety of
organs-at-risk such as the esophagus, stomach, and bowel could
be exposed to high doses of radiation. Although few high-grade
late complications have been described [3], one patient on the ENCORE-VT trial (electrophysiology-guided noninvasive cardiac radioablation for ventricular tachycardia) developed a grade 3 gastropericardial fistula 2-year after treatment [4], and another patient treated by Ostrava group developed a grade 5 esophageal fis-

tula [5]. Therefore, the radiation risk of luminal internal organs in
particular should be considered during treatment planning.
Cardiac radioablation targets along the inferior wall of the ventricle represent a particular emerging challenge due to their inherent proximity to structures such as the esophagus, stomach, and
bowel. At present, no specific techniques have been described to
improve dosimetry for these complex targets. Furthermore, the
heart does not stick to adjacent internal organs, but moves and rotates with thoraco-diaphragmatic movement. Herein, we report a
successful cardiac radioablation using the deep inspiration breathhold (DIBH) technique to minimize toxicity to the stomach during
cardiac radioablation.
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Materials and Methods
1. Patient information and target definition
With Institutional Review Board approval of Seoul National University Hospital (No. 2011-151-1175), cardiac radioablation was considered for the medically intractable VT because catheter ablation
was contraindicated due to the previous cardiac valve surgeries.
Informed consent of the patient for radiotherapy under clinical trial
(blinded) [6] was obtained. The detailed patient information was
described in Supplement A.
Based on the 12-leads electrocardiography (Fig. 1), the VT seemed
to originate from the mid-inferior left ventricle (LV). Cardiac magnetic resonance imaging (MRI) confirmed a transmural and subendocardial delayed enhancement in the mid-inferior and inferolateral
segments, indicating myocardial scarring (Fig. 2).

2. CT simulation and target delineation
The patient underwent the four different computed tomography
(CT) scans with slice thickness of 2 mm using the Brilliance CT Big
Bore system (Phillips, Cleveland, OH, USA): (1) DIBH, (2) full expiration breath-hold, (3) four-dimensional (4D) CT without abdominal
compression, and (4) 4D-CT with abdominal compression. The respiration-gated 10 phase 4D-CT images were acquired using the

25 mm/s

Real-time Position Management system (RPM; Varian Medical Systems, Palo Alto, CA, USA). The VT focus shown in electrocardiography and cardiac MRI was delineated as gross target volume (GTV).
The margin for clinical target volume (CTV) was 1 cm, and 0.5 cm
was additionally expanded for planning target volume (PTV). Generally, electrophysiological mapping could provide more accurate
information on the location of the VT focus, however in this case,
invasive 3D mapping could not be performed due to patient’s previous surgical history. Therefore, the CTV was extended to account
for possible spread of myocardial scar at border lesions, which
might have not been visualized on MRI. To further limit the radiation dose to the stomach, the stomach planning organ-at-risk volume (PRV) was determined as stomach plus 0.5 cm. Of the four
scans, the largest distance between the stomach and LV scar was
achieved on the DIBH scan (Fig. 3). The closest distance between
the stomach and the PTV was 0.67 cm in DIBH, 0.49 cm in average
image of 4D CT without abdominal compression and 0 cm (overlapped) in full expiration breath-hold and average image of 4D CT
with abdominal compression. Meanwhile, GTV, CTV, PTV, stomach,
and stomach PRV delineation on the CT scans with full expiration,
average intensity 4D CT image (4DCT-AVG) with abdominal compression, and 4DCT-AVG without abdominal compression showed
abutment or overlap of PTV and stomach PRV. Therefore, treatment

10 mm/mV 40 Hz

Fig. 1. Electrocardiography of ventricular tachycardia.
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Fig. 2. Myocardial scar on cardiac magnetic resonance imaging. Ao, aorta; pAV, prosthetic aortic valve; LV, left ventricle; RV, right ventricle; Sto,
stomach.

A

B

DIBH

Full expiration

With abdominal
compression

With abdominal
compression

Fig. 3. (A) Representative coronal images showing largest distance between the clinical target volume (orange), planning target volume (purple)
and the stomach (yellow) and stomach planning organs-at-risk volume (light green) in deep inspiration breath-hold (DIBH, left) and full expiration breath-hold (right). (B) Axial images showing shortest distance in DIBH, full expiration breath-hold, average image of four-dimensional
computed tomography with and without abdominal compression.
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planning was performed using the DIBH scan.

3. VMAT planning
The prescribed dose to the PTV was 25 Gy in a single fraction. The
Eclipse system (Varian Medical Systems) was used for treatment
planning, and volumetric modulated arc therapy (VMAT) planning
was performed using three half arcs with a 10-MV flattening filter-free beam (Fig. 4). The plan was optimized to achieve a PTV
coverage of V98% = 100% while applying maximum dose constraint
to stomach PRV of 10 Gy. The maximum dose within the PTV was
113% of the prescribed dose. The actual maximum dose to the
stomach PRV and stomach was 14.6 and 9.8 Gy, respectively.

Results

CT (CBCT) acquisition, fluoroscopy guidance tracking using implantable cardioverter defibrillator (ICD) lead tip and prosthetic
valve contour projection was performed. As the patient could tolerate a breath-hold state for approximately 20 seconds, CBCT was
performed with three DIBHs, and the treatment was performed
with multiple DIBHs. CBCT matching was performed using contours
of the cardiac outline and adjacent organs, including the bronchus
and bones. The patient could successfully reproduce DIBH by
coaching. Under breath-hold mode, the beam was manually turned
on only when the inspiration level was achieved (Fig. 5). Total monitor unit (MU) was 2175 + 3171 + 3431 MU and delivered at 600
MU/min. The total beam-on time was 15.2 minutes.
The patient kept fasting before radioablation and no preventive
prescription was given to the patient.

1. Cardiac radioablation using DIBH

2. Outcome

The Varian TrueBeam linear accelerator (Varian Medical Systems)
was used for cardiac radioablation. Prior to on-board cone-beam

Within 2-day after radiotherapy, VT burden decreased by 46.4%
except single ICD therapy. Afterwards, the patient experienced no

Fig. 4. Volumetric modulated arc therapy planning using deep inspiration breath-hold computed tomography.
170

https://doi.org/10.3857/roj.2021.00276

Cardiac radioablation using DIBH

Fig. 5. Deep inspiration breath-hold using Real-time Position Management system. The yellow box represents beam-on state.

VT event or abdominal discomfort. Esophagogastroduodenoscopy is
not planned for routine surveillance due to the patient’s medical
comorbidities and will be performed when the patient has related
symptoms.

Discussion and Conclusion
To the best of our knowledge, this is the first report to show that
gastrointestinal irradiation could be minimized during cardiac radioablation in the inferior LV using a tailored radiotherapy with
DIBH. We tried DIBH to overcome the possibility of a gastropericardial fistula during irradiation reported from ENCORE-VT trial [1,4].
In this case, the target was the inferior LV (the portion of the heart
closest to the stomach) [7]. The Ostrava group reported one grade
5 esophagi-pericardial fistula in abstract form, therefore the detailed information would be available later [5].
Several studies have attempted to reduce the heart dose by DIBH
in cases of gastric lymphoma and breast cancer [8-10]. The DIBH
technique is gated irradiation during deep inspiration, investigated
by several studies, mostly focused on reducing the dose to the
heart. In this case, we conversely used DIBH to reduce the radiation
https://doi.org/10.3857/roj.2021.00276

dose to the stomach for cardiac radioablation. During deep inspiration, the heart descends with the diaphragm and becomes more
elongated. Additionally, an inspiratory intrathoracic pressure decrease causes a LV volume decrease [11]. Furthermore, the heart
rotates medially because part of the pericardium attaches to the
diaphragm [12]. Consequently, the LV is physically separated from
the stomach, which moves downward with the diaphragm during
deep inspiration.
RT-related gastrointestinal toxicities include bleeding, ulceration,
perforation, or fistula [13]. The tolerance dose for grade ≥ 2 gastroduodenal toxicity in SBRT is variable among studies [14-17]; however, most of the studies have applied fractionated SBRT. The
Quantitative Analyses of Normal Tissue Effects in the Clinic report
recommended V22.5 to be minimized and ideally constrained to
< 4% [18]. This constraint was used for a study in Stanford University, and the authors reported a dosimetric model of duodenal toxicity after a single-fraction SBRT for pancreatic cancer and reported that V15 ≥ 9.1 cm3, V20 ≥ 3.3 cm3, and Dmax ≥ 23 Gy were related to increased duodenal toxicity [15]. According to these data, our
dosimetric parameters satisfied dose constraints far below the cutoff values.
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The possible short-term and long-term toxicity data should be
monitored after cardiac radioablation. Furthermore, it is important
to predict and prevent possible complications depending on the
target location. In preclinical data, bronchomediastinal fistula, conduction block, or sudden death have been reported [19-21]. In clinical studies, some patients experienced radiation pneumonitis,
pericarditis, or pericardial effusion that were mostly managed with
observation or medications, except gastrointestinal fistula. Overall,
most patients showed a good safety profile associated with irradiation [22]. Therefore, cardiac radioablation is potentially safe for intractable VT patients. To improve the safety of cardiac radioablation, using DIBH in VT patients would be applicable in patients with
the target near the stomach, which could be mostly inferior LV, but
it would depend on each patient’s anatomical differences. It is essential to consider tailored radiotherapy techniques in each case
and the DIBH technique would be one option for securing the distance between the heart and stomach.
In conclusion, to gain the best benefit from cardiac radioablation
for fatal VTs, understanding the possible toxicity in adjacent organs
is crucial. Successful treatment could be achieved by applying the
DIBH technique while saving the stomach from excessive radiation,
which could have caused serious complications.
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Purpose: Studies on de-escalation in radiation therapy (RT) for human papillomavirus-positive
(HPV(+)) oropharyngeal cancer (OPC) are currently ongoing. This study investigated the current practice regarding the radiation dose and field in the treatment of HPV(+) OPC.
Materials and Methods: The Korean Society for Head and Neck Oncology conducted a questionnaire
on the primary treatment policy. Among them, for HPV(+) OPC scenarios, radiation oncologists were
questioned regarding the field and dose of RT.
Results: Forty-two radiation oncologists responded to the survey. In definitive concurrent chemoradiotherapy (CCRT) treatment for stage T2N1M0 OPC, most respondents prescribed a dose of >60 Gy
to the primary tonsil and involved ipsilateral lymph nodes. However, eight of the respondents prescribed a relatively low dose of ≤54 Gy. For stage T2N1M0 OPC, postoperative adjuvant RT was prescribed by eight and nine respondents with a lower dose of ≤50 Gy for the ipsilateral tonsil and involved neck, respectively. In definitive CCRT in complete remission after induction chemotherapy for
initial stage T2N3M0 OPC, de-escalation of the tonsil and involved neck were performed by eight and
seven respondents, respectively. Regarding whether de-escalation is applied in radiotherapy for
HPV(+) OPC, 27 (64.3%) did not do it at present, and 15 (35.7%) were doing or considering it.
Conclusion: The field and dose of prescribed treatment varied between institutions in Korea. Among
them, dose de-escalation of RT in HPV(+) OPC was observed in approximately 20% of the respondents. Consensus guidelines will be set in the near future after the completion of ongoing prospective
trials.
Keywords: Oropharyngeal neoplasms, Human papillomavirus, Radiotherapy, De-escalation

Introduction
Head and neck cancer (HNC) is the 6th most common cancer
worldwide and is known to be associated with smoking and heavy

alcohol consumption [1]. Recently, human papillomavirus (HPV) infection has been identified as an independent causative factor in
the development of HNC, and HPV-related “HPV(+)” HNC is known
to have a different course compared with HPV-unrelated “HPV(–)”
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HNC [2,3]. The incidence of HPV(+) oropharyngeal cancer (OPC) has
been increasing since the 1990s, from 40.5% before 2000 to
72.2% after 2000 [4,5]. HPV(+) OPC exhibits a pandemic-like
worldwide distribution, and a good overall survival (OS) compared
with HPV(–) OPC has been reported in several previous prospective
studies and meta-analyses [6-12].
HPV(+) OPC shows a high response rate to radiation therapy (RT)
and chemotherapy and has a good prognosis, therefore, many
studies on the de-escalation of treatment are ongoing [13-15].
However, the paradigm for treatment has not yet changed, and the
results of these studies are also controversial. There are needs to
know current clinical practice before the results of ongoing prospective trials provide clear evidence. The purpose of this study was
to investigate the current practice regarding the radiation dose and
field in the treatment of HPV(+) OPC.

A

B

C

Materials and Methods
Head and neck oncology experts at the Korean Society for Head
and Neck Oncology (KSHNO) were surveyed from July to August
2019. Five scenarios for OPC treatment were developed, and the
subcommittee on Oropharyngeal Cancer Treatment Guidelines of
the KSHNO conducted a questionnaire on primary treatment policy
[16]. Radiation oncologists were further investigated regarding the
field and dose of RT prescribed in the case of definitive and adjuvant RT, and definitive concurrent chemoradiotherapy (CCRT) in radiologic complete remission after induction chemotherapy (IC). The
questionnaire was sent via e-mail twice, and the results were collected and analyzed in October 2019.
The scenario for definitive CCRT was the case of a 52-year-old
female non-smoker who was diagnosed with stage T2N1M0
HPV(+) right tonsillar squamous cell carcinoma (SCC) without base
of tongue invasion and with right II–III cervical lymph node (LN)
metastasis (Fig. 1A). As the second question in the same scenario, it
was assumed that surgical resection of the right tonsil with neck
dissection (right modified radical neck dissection and left selective
neck dissection) was performed, and adjuvant RT was planned in
an intermediate-risk group with no adverse features other than
two metastatic LNs.
The third scenario was of a 69-year-old non-smoker who was
diagnosed with stage T2N3M0 HPV(+) left tonsillar SCC with metastasis to the ipsilateral upper, middle, and lower internal jugular
chain (Fig. 1B). This patient received two cycles of IC comprising
docetaxel, cisplatin, and 5-fluorouracil, and follow-up imaging
showed clinically complete remission after neoadjuvant treatment
(ycCR) (Fig. 1C). The radiation field and dose in definitive CCRT in
this case were investigated.
https://doi.org/10.3857/roj.2021.00556

Fig. 1. Imaging studies of (A) the T2N1M0 right tonsillar cancer case
and (B) initial T2N3M0 left tonsillar cancer case and (C) radiologic
response after induction chemotherapy.

Each respondent was asked whether de-escalation of the field or
dose of RT was performed in the current clinical treatment of
HPV(+) OPC. In addition, a detailed analysis was conducted to investigate how to reduce the radiation dose and field in each scenario. Statistical analyses were performed using SPSS version 24
(IBM, Armonk, NY, USA). This study was a survey study, not a study
on human subjects; therefore, it is not applicable in terms of ethical considerations.

Results
1. Surveyed population
Radiation oncologists from 42 institutions responded to the questionnaire. The response rate was 56% (42/75 institutions). The distribution of respondents was 13 (86.7%) of 15 institutions with
> 1,000 beds, 28 (48.3%) of 58 with 500–1,000 beds, and one
(50%) of two institutions with < 500 beds. The characteristics of
the 42 respondents are summarized in Table 1.

2. Definitive CCRT in T2N1M0
The response regarding the radiation field for definitive CCRT in right
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Table 1. Characteristics of respondents (n = 42)

3. Adjuvant RT in pT2N1M0 disease

Characteristic
Board certification (yr)
<5
≥ 5 and < 10
≥ 10 and < 20
≥ 20
Average annual patients
< 50
≥ 50 and < 100
≥ 100
Hospital beds
≥ 1,000
≥ 500 and < 1,000
≥ 300 and 500
Consultation
Regular conference
Meeting if necessary
Interdepartmental referral
Robotic surgery
Available
Not used
RT technique
Static IMRT
VMAT
Tomotherapy
≥ 2 techniques
Concurrent cisplatin schedule
Weekly
Tri-weekly

The extent and dose of adjuvant RT are summarized in Fig. 3A and
3B in an intermediate-risk case of stage pT2N1M0 disease with two
cervical LN metastases (3–6 cm at their largest) after wide excision
and neck dissection. There were no other adverse factors such as
lymphovascular or perineural invasion, extranodal extension, or positive resection margins. Forty respondents (95.3%) stated they included the tonsillar fossa, and seven (16.7%) stated that they included the contralateral fossa in the RT field. The low-risk cervical
LN chain was irradiated in 39 respondents (92.9%) on the ipsilateral
side and 19 respondents (45.2%) on the contralateral side.
In the questionnaire regarding RT dose, the most frequently prescribed dose to the primary site and high-risk cervical LN chain was
60 Gy; further, the dose to the low-risk cervical LN chain was diversely distributed, and the most frequently prescribed dose was
50–54 Gy (Fig. 3B). For postoperative RT, there were respondents
who prescribed doses ≤ 50 Gy with reference to ongoing clinical
trials, ECOG-3311 (NCT01898494) and PATHOS (NCT02215265),
associated with the de-escalation of the RT dose [17,18]. The
de-escalated sites included the primary postoperative bed for four
respondents, tonsillar fossa for eight respondents, and high-risk
cervical LN chain for nine respondents. Fig. 3C–3E shows the distribution of the prescribed dose to the primary postoperative bed,
tonsillar fossa, and ipsilateral involved neck chain, and de-escalation in each subsite.

Number (%)
5 (11.9)
11 (26.2)
11 (26.2)
15 (35.7)
35 (83.3)
6 (14.3)
1 (2.4)
15 (35.7)
26 (61.9)
1 (2.4)
25 (59.5)
5 (11.9)
12 (28.6)
27 (64.3)
15 (35.7)
6 (14.3)
11 (26.2)
8 (19.0)
17 (40.5)
32 (76.2)
10 (23.8)

RT, radiotherapy; IMRT, intensity-modulated radiotherapy; VMAT, volumetric-modulated arc therapy.

tonsil SCC with right II–III cervical LN metastasis is shown in Fig. 2A.
All respondents indicated that they included the ipsilateral tonsil and
involved cervical LN chain in the irradiated field, and 11 (26.2%) also
included the contralateral tonsil. The lower cervical LN chain was
also included in the RT field by all respondents, and 29 (69.0%) said
that the contralateral cervical LN chain was also included.
The radiation treatment dose varied between respondents (Fig.
2B). Most prescribed 70 Gy and 60 Gy to the primary lesion and
entire tonsillar fossa, respectively. In addition, 60 Gy for high-risk
cervical LN chains and 50–54 Gy for low-risk chains were prescribed. Eight respondents prescribed tonsil and involved neck irradiation with ≤ 54 Gy, which is lower than the conventional dose to
high-risk areas (Fig. 2C, 2D). Cisplatin was administered as a concurrent chemotherapeutic agent and prescribed on a weekly schedule by 32 or triweekly by 10 respondents.
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4. Definitive CCRT in ycCR after IC (initial stage T2N3M0)
The RT field and dose distribution prescribed by the respondents for
definitive CCRT in ycCR in intermediate-risk cases are outlined in
Fig. 4A and 4B. After IC, RT was delivered to the primary site and
involved neck in all respondents, although complete remission was
achieved in the follow-up imaging (Fig. 4A). The contralateral LNs
tended to be included in the irradiation field with little de-escalation. The most commonly prescribed dose was 70 Gy for the primary lesion site before IC and 60 Gy for the tonsillar fossa and involved neck chain (Fig. 4B). Eight and seven respondents prescribed
≤ 54 Gy in high-risk sites in the tonsillar fossa and in the involved
neck chain, respectively (Fig. 4C, 4D). The criterion of 54 Gy was set
as the dose attempted by E1308 [19], a clinical study on the de-escalation of RT dose in definitive CCRT in ycCR.

5. Survey on considerations for de-escalation
Forty-two radiation oncologists were asked whether de-escalation
was performed with respect to the field or dose during RT in patients with HPV(+) OPC. As a result, 27 respondents (64.3%) did
not currently do so, and 15 (35.7%) did or were considering de-escalation.
https://doi.org/10.3857/roj.2021.00556
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A

Tonsillar fossa (n=42)
· Ipsilateral 31 (73.8%)
· Both 11 (26.2%)

Ipsilateral neck (n=42)
· Involved chain 42 (100%)

Contralateral neck (n=42)
· Include 29 (69.0%)
· Exclude 13 (31.0%)

Ipsilateral neck (n=42)
· Non-involved chain 42
(100%)

B

25%–75%
Range within 1.5 interquartile range
Median line
Outliers

Prescribed dose (Gy)

75
65
55
45
35
25

Primary
site

Tonsillar
fossa

Ipsilateral Ipsilateral Contralateral
involved noninvolved neck
neck
neck
Site

Ipsilateral involved neck
Prescribed dose (Gy)

C

75
70
65
60
54 Gy
55
50
45
40
35
30
25
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Respondents number (n=42)
Tonsillar fossa
Prescribed dose (Gy)

D

75
70
65
60
55
50
45
40
35
30
25

54 Gy

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Respondents number (n=42)

Fig. 2. Distribution of RT field (A) and prescribed doses according to the irradiated subsites shown in boxplot (B) and bar-graphs (C, D) for definitive CCRT in T2N1M0 disease. Yellow-colored bar in (C, D) represents lower doses ≤54 Gy, which is lower than the conventional dose to
high-risk areas. RT, radiotherapy; CCRT, concurrent chemoradiotherapy.
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A

Tonsillar fossa (n=42)
· Ipsilateral 33 (78.6%)
· Both 7 (16.7%)
· Exclude 2 (4.8%)

Contralateral neck (n=42)
· Include 19 (45.2%)
· Exclude 23 (54.8%)

Ipsilateral neck (n=42)
· Involved chain 42 (100%)

Ipsilateral neck (n=42)
· Non-involved chain 39
(92.9%)

B

25%–75%
Range within 1.5 interquartile range
Median line
Outliers

Prescribed dose (Gy)

75
65
55
45
35
25

Primary site

Tonsillar
fossa

Ipsilateral
involved
neck

Ipsilateral Contralateral
noninvolved
neck
neck

C

Prescribed dose (Gy)

Site
75
70
65
60
55 50 Gy
50
45
40
35
30
1 3 5

Primary post-operative bed

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Respondents number (n=40)
Ipsilateral involved neck
Prescribed dose (Gy)

D

75
70
65
60
55 50 Gy
50
45
40
35
30
25
1 3 5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Respondents number (n=42)
Tonsillar fossa
Prescribed dose (Gy)

E

75
70
65
60
55 50 Gy
50
45
40
35
30
25
1 3 5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Respondents number (n=40)

Fig. 3. Distribution of RT field (A) and prescribed doses according to the irradiated subsites shown in boxplot (B) and bar-graphs (C–E) in adjuvant RT for T2N1M0 disease. Yellow-colored bar in (C–E) represents lower doses ≤50 Gy with reference to ongoing clinical trials, ECOG-3311
(NCT01898494) and PATHOS (NCT02215265), associated with the de-escalation of the RT dose. (C, E) Two respondents answered they omitted
primary postoperative bed and tonsillar fossa in radiation field. RT, radiotherapy.
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A

Tonsillar fossa (n=42)
· Ipsilateral 31 (73.8%)
· Both 11 (26.2%)

Contralateral neck (n=42)
· Include 35 (83.3%)
· Exclude 7 (16.7%)

Ipsilateral neck (n=42)
· Involved chain 42 (100%)

Ipsilateral neck (n=42)
· Non-involved chain 41
(97.6%)

B

25%–75%
Range within 1.5 interquartile range
Median line
Outliers

Prescribed dose (Gy)

75
65
55
45
35
25

Primary
site

Tonsillar
fossa

Ipsilateral Ipsilateral Contralateral
involved noninvolved neck
neck
neck
Site

Ipsilateral involved neck
Prescribed dose (Gy)

C

75
70
65
60 54 Gy
55
50
45
40
35
30
25
1 3 5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Respondents number (n=42)
Tonsillar fossa
Prescribed dose (Gy)

D

75
70
65
60
54 Gy
55
50
45
40
35
30
25
1 3 5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Respondents number (n=42)

Fig. 4. Distribution of RT field (A) and prescribed doses according to the irradiated subsites shown in boxplot (B) and bar-graphs (C, D) in definitive CCRT in ycCR for initial stage T2N3M0 disease. Yellow-colored bar in (C, D) represents lower doses ≤54 Gy. The criterion of 54 Gy was set
as the dose attempted by E1308, a clinical study on the de-escalation of RT dose in definitive CCRT in ycCR. RT, radiotherapy; CCRT, concurrent
chemoradiotherapy; ycCR, clinically complete remission after neoadjuvant treatment.
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Discussion and Conclusion
The incidence of HPV(+) OPC has rapidly increased in recent years
[20,21]. Several investigators recognized and actually reported that
more favorable locoregional control and OS outcomes were achievable among patients with HPV(+) OPC treated with contemporary
standard treatment approaches than among patients with HPV(–)
OPC [9,21]. This has led to controversy among many head and neck
oncologists as to whether the intensity of the traditional standard
treatment is optimal for HPV(+) patients, which has introduced the
concept of “treatment de-escalation.” Several attempts have been
made to de-escalate treatment for HPV(+) OPC to preserve normal
functional status and to maintain quality of life without compromising clinical outcomes [21].
The 8th edition of the American Joint Committee on Cancer staging system for HPV(+) OPC has designated lower stages than the
same stage for HPV(–) OPC, unlike previous editions. These changes
were due to the perception that the prognosis of patients with
HPV(+) OPC was more favorable, although it appears to have had little effect on changing the treatment modality and/or its intensity.
The treatment guideline by the National Comprehensive Cancer Network, however, still recommends high-dose CCRT for HPV(+) OPC
patients with locoregionally advanced disease extent [22].
This questionnaire study showed interesting results regarding
changes in RT protocols for HPV(+) OPC. Various studies have attempted to reduce the RT dose depending on the response, to omit
chemotherapy or to replace it with immunotherapy or targeted
therapy, and to sequentially administer chemoradiation instead of
concurrently [23,24]. However, a treatment policy for RT in HPV(+)
OPC has not yet been established. The most recently published European guidelines recommend the same treatment as that for
HPV(–) OPC [25].
This study aimed to investigate current opinions regarding RT in
a definitive and adjuvant setting and to assess the practical considerations of de-escalation in HPV(+) OPC. This is because many
head and neck oncologists were asked questions regarding whether
the intensity of the traditional standard treatment had been either
optimal or stronger than necessary for patients with HPV(+) OPC.
This questionnaire will help develop the framework of a consensus
for suitable radiotherapy. It is important to examine current clinical
practice before the results of ongoing prospective trials provide
clear evidence.
We demonstrated reported and ongoing trials associated with
the radiation field and dose in four paradigms: (1) de-escalation of
chemotherapy in definitive CCRT, (2) de-escalation of the RT field
and dose in definitive CCRT, (3) de-escalation of the RT field and
dose in adjuvant RT after transoral surgery (TORS), and (4) omission
180

or de-escalation of RT in complete remission after IC for locally advanced stage.
In the current questionnaire regarding definitive CCRT, approximately 20% of respondents prescribed radiation dose reduction in
the primary tonsillar fossa and high-risk cervical LN chains in
HPV(+) OPC; however, there was no tendency to reduce the radiation field. De-escalation in the treatment of gross tumors would be
risk for tumor control and survival. For this reason, there have been
few studies on de-escalation of the radiation field and dose in a
definitive setting. Instead of RT, there have been completed and
ongoing trials on de-escalation of chemotherapy in definitive CCRT
according to risk stratification. These studies can be divided into
two research designs: those that do not use chemotherapy and
treat with radiotherapy alone, and those that replace chemotherapeutic agents with immunotherapy. In a phase II randomized clinical study (NRG-HN002) of the omission of chemotherapy, it was
reported that the 2-year progression-free survival (PFS) rate was
87.6% (p = 0.2284) in the radiotherapy alone group, which did not
meet the 2-year PFS acceptability criteria [26]. In a phase III study
of immunotherapy instead of chemotherapeutic drugs in definitive
CCRT (RTOG-1016, De-ESCALaTE), cetuximab as immunotherapy
led to inferior OS and PFS compared with those with cisplatin
[23,24]. The TROG 12.01 (NCT01855451) phase III randomized trial
has been conducted using a similar study design to the above mentioned RTOG-1016 and De-ESCALaTE studies, and the results will
be released soon.
Rather than omitting chemotherapy or replacing it with immunotherapy, there are ongoing phase II trials to reduce the radiation
dose from 70 Gy to 60 Gy according to risk stratification in CCRT
(NCT03077243) or reduction of the irradiated volume of the elective nodal chain (EVADER, NCT03822897). More studies are needed
to determine suitable changes in the treatment for definitive CCRT.
For de-escalation of chemotherapy in definitive CCRT, analysis was
previously performed in a pattern of care study conducted by KSHNO [16], and there were no responders who substitute chemoagents, and there were some responders who omitted chemotherapy
in early cancer.
De-escalation of adjuvant treatment after surgery is being discussed more frequently, and many studies are being conducted to
evaluate the association between survival and de-escalation. In the
AVOID phase II study [27], RT was performed only on the neck, excluding the primary lesion, in patients with no pathological adverse
factors after TORS and neck dissection, and the results showed that
the 2-year local control rate was 98.3% and the PFS rate was
96.2%. During the median follow-up period of 2.4 years, none of
the patients required a feeding tube associated with RT. A similar
phase II study (NCT03729518) is in progress where RT avoiding the
https://doi.org/10.3857/roj.2021.00556
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primary site was provided after TORS primary site resection and ipsilateral neck dissection for locally advanced HPV(+) OPC.
There are clinical studies of radiation dose reduction for adjuvant
treatment after surgery in which results have been reported or ongoing. In MC1273 phase II study [28], radiation doses of 30 Gy and
36 Gy were prescribed according to risk stratification, and survival
analysis after adjuvant CCRT was performed. The 2-year OS and
PFS were 98.7% and 91.1%, respectively, and a low risk of toxicity
was reported. In an ongoing phase III clinical study (DART-HPV,
NCT02908477), RT (30 Gy) with docetaxel and radiotherapy alone
(60 Gy) were randomly assigned to patients with intermediate risk
according to risk stratification.
Although relatively good local control rates were reported in the
AVOID phase II study [27], there were no respondents who performed radiotherapy alone in the neck except at the primary site in
the current survey. In this survey, two respondents excluded the
primary site from the radiation field. Most respondents did not prescribe a very low dose of 30–36 Gy, as in the MC1273 study [28].
However, attempts to slightly reduce the dose from 60 Gy to 50 Gy
in patients at intermediate risk according to risk stratification, such
as in the ongoing ECOG-3311 and PATHOS trials, were observed in
approximately 20% of respondents [18].
The role of IC in locally advanced HNC is not recommended, and
previous studies have reported relatively low evidence of improved
survival [29-33]. However, the benefit of IC has been expected to
reduce distant metastasis and organ preservation in real-world
practice. There have been several studies on the de-escalation of
RT after IC, and PFS and toxicity were evaluated for 2-years after
lowering the radiation dose according to the degree of response or
risk stratification. In the phase II single-arm E1308 trial [19], IC
(cisplatin, paclitaxel, and cetuximab) followed by RT (54 Gy) with
cetuximab in ycCR was performed, and a 2-year PFS of 80% and
OS of 94% were reported. In patients treated with reduced doses,
it was found that swallowing and feeding-related toxicity were
relatively low. In the Quarterback phase II study [34], CCRT was
performed by reducing the dose of 56 Gy by 2:1 randomization after IC with docetaxel, cisplatin, and 5-fluorouracil, and the 3-year
PFS and OS results were similar to those of the standard dose
group. Currently, the Quarterback 2b study, a study in which CCRT
was performed with RT at a dose of 56 Gy versus a standard dose
according to the response to IC, is ongoing.
In the OPTIMA phase II study [35], CCRT of 45, 50, or 75 Gy of
radiation with paclitaxel, 5-fluorouracil, and hydroxyurea was provided according to risk stratification after nab-paclitaxel and carboplatin chemotherapy; the 2-year PFS rates were 95% and 94%
in low-risk and high-risk patients, respectively. The incidence of
mucositis and need for a gastrostomy tube were significantly lower
https://doi.org/10.3857/roj.2021.00556

in the low-dose group than in the high-dose group. The OPTIMA-II
phase II study is now in progress, adding nivolumab as an induction
chemotherapeutic agent and administering cisplatin as the CCRT
regimen. In the current study, 18% of respondents prescribed a radiation dose of ≤ 54 Gy to the high-risk neck chain. Although a
large-volume phase III study remains necessary, the reduction of
radiation dose to 54–56 Gy has shown reduced toxicity with no reduction in 2-year PFS in phase II studies.
In conclusion, in a survey of radiation oncologists for head and
neck tumors in Korea, most of HPV(+) OPC treatments were performed according to the guidelines for HPV(–) OPC treatments with
respect to the radiation field and dose. However, the tendency to
de-escalate treatment was found in approximately 18%–20% of
the respondents. It is necessary to establish a consensus on the radiation field and dose through multidisciplinary conferences. When
de-escalation is attempted in specific patients, clinical trial enrollment is actively recommended before the evidence-based results of
the abovementioned ongoing clinical studies become available.
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Purpose: The study aims to report late toxicities in locally advanced head-and-neck squamous cell
carcinoma (LAHNSCC) treated with intensity-modulated radiation therapy (IMRT).
Materials and Methods: A retrospective study was conducted on 103 patients of LAHNSCC treated
with IMRT. We analyzed the cumulative incidence of late xerostomia, dysphagia, and aspiration at an
interval of 6-month, 1-year, 2-year, and 3-year from the start of IMRT.
Results: At a median follow up of 4.2 years (interquartile range, 3.5 to 6 years), the cumulative incidence of grade ≥2 late xerostomia was 5.5%, dysphagia was 6.9%, and aspiration was 11.1%. Logistic
regression showed that Dmean of ≥26 Gy to parotids had higher risk of xerostomia (hazard ratio [HR] =
5.19; 95% confidence interval [CI], 1.90–14.22; p = 0.001). Late dysphagia was associated with Dmean
of ≥45 Gy to pharyngeal constrictors (PC) (HR = 7; 95% CI, 1.84–26.61; p =0.004), ≥55 Gy to larynx
(HR = 3.25; 95% CI, 1.15–9.11; p = 0.025), and adjuvant RT (HR = 5.26; 95% CI, 1.85–14.87; p =
0.002). Aspiration was associated with Dmean of ≥45 Gy to larynx (HR = 6.5; 95% CI, 1.93–21.88; p =
0.003), Dmean of ≥55 Gy to PC (HR = 3.54; 95% CI, 1.25–9.98; p = 0.017), and patients having late
dysphagia (HR = 4.37; 95% CI, 1.55–12.31; p = 0.005).
Conclusions: IMRT is a feasible radiation delivery technique in LAHNSCC with a decreased late toxicity profile.
Keywords: Head and neck cancer, Intensity-modulated radiotherapy, Xerostomia, Dysphagia, Aspiration

Introduction
Surgery and radiation therapy (RT), along with chemotherapy, is the
current standard of care in locally advanced head-and-neck squamous cell carcinoma (LAHNSCC) [1,2]. The delivery of RT in headand-neck cancer (HNC) has always been a challenge due to the
proximity of critical organs and target volumes, resulting in intractable treatment-related toxicities. The RT technique has changed
over time from two-dimensional RT to more conformal techniques.
Intensity-modulated radiation therapy (IMRT) has gained populari-

ty in contemporary clinical practice due to superior dose conformity [3]. IMRT is associated with decreased incidence and severity of
xerostomia compared to three-dimensional conformal radiation
therapy (3DCRT) [4-6]. Also, patients receiving definitive IMRT have
a significantly lesser duration of dysphagia and feeding tube placement than 3DCRT [7]. The quality of life improved with IMRT compared to 3DCRT [8]. The randomized controlled trials (RCTs) suggest
IMRT has similar locoregional control (LRC) and overall survival (OS)
compared with 3DCRT [4-6]. A Surveillance, Epidemiology and End
Results (SEER)-Medicare analysis showed that IMRT is associated
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with improved cause-specific survival (CSS) compared to non-IMRT
in HNC [9]. The patterns of care study suggest IMRT use in HNC to
be safe in community practice [10].
Despite all the advantages, the practice of IMRT is disputable. A
learning curve exists for IMRT practice in HNC, and the experience
of treating oncologists is related to cancer outcomes. The RTOG0022 study reports a higher failure in oropharyngeal cancer patients with major IMRT protocol violations [11]. A high-volume
provider has decreased all-cause mortality, aspiration pneumonia,
and better OS than low-volume providers of IMRT in HNC. The key
finding of this population-based study is the impact of the experience of IMRT providers. The mortality risk decreased by 21% for
additional five patients per year [12]. The non-availability of IMRT
facilities, increased travel time for RT, and poor referral patterns
may hinder patients from taking treatment at a high-volume regional center. Hence, the current focus is training in contouring
and strict adherence to implementing IMRT in HNC. The various
cooperative group has published guidelines and atlas for better delineation of target and organ-at-risk (OAR) [13,14]. Xerostomia,
dysphagia, and aspiration being the most troublesome side effects,
it’s imperative to restrict doses to salivary glands and dysphagia
aspiration-related structure (DARS), whenever feasible [15,16].
Most literature on dose constraint is based on retrospective series
and expert opinion [17].
The RCTs primarily report xerostomia, local control, and overall
survival [4-6]. The other late toxicities such as dysphagia and aspiration are reported from single institute series and are limited by a
small sample size [18-27]. We conducted an audit to review our
experience given limited data availability on late toxicities except
for xerostomia and the intricacies associated with IMRT. We have
previously published our experience in acute toxicities, mucositis
pain, acute mortality, and concurrent chemoradiation (CRT) in patients with HNC [28-31]. The present study aims to report the late
toxicities in LAHNSCC treated with IMRT.

Materials and Methods
1. Study design and setting
After institute ethical clearance, all HNC patients treated in the
Department of Radiation Oncology at St. John’s Medical College
and Hospital (No. 230/2017) between January 2013 to June 2017
were retrospectively analyzed. The disease had to be squamous cell
carcinoma (SCC), treated curatively with IMRT technique (radical or
adjuvant), and locally advanced (stage group III, IVA, and IVB). According to the American Joint Committee on Cancer (AJCC) 8th
edition, the cancer staging was reconstructed [32]. The exclusion
criterion includes patients receiving palliative RT, 3DCRT technique,
https://doi.org/10.3857/roj.2020.00913

early-stage HNC (stage I and II), and non-squamous cell histology,
including nasopharyngeal carcinoma. All patients were evaluated in
a multidisciplinary tumor board. A thorough clinical and endoscopic
evaluation was done for all patients. A baseline imaging was done
with either computed tomography (CT), positron emission tomography (PET), or magnetic resonance imaging. A biopsy or fine-needle
aspiration cytology was performed before starting treatment. A
pre-treatment baseline complete blood count, renal function test,
liver function test, and creatinine clearance were done.

2. Intensity-modulated radiation therapy
A custom-made thermoplastic four-clamp mask with an appropriate headrest was used for immobilization. All patients underwent a
contrast-enhanced CT simulation with 2.5 mm slice thickness from
vertex to the carina. The segmentation was done on the MONACO
workstation. In the definite setting, gross tumor volume (GTV),
high-risk clinical target volume (CTV1), intermediate-risk CTV
(CTV2), and low-risk CTV (CTV3) were defined [33]. High-risk planning target volume (PTV1), intermediate-risk PTV (PTV2), and lowrisk PTV (PTV3) were generated with an isotropic expansion of 3–5
mm from CTV1, CTV2, and CTV3, respectively. CTV2 was omitted as
per treating radiation oncologist’s discretion. The target volumes,
i.e., PTV1, PTV2, and PTV3, were irradiated to a total dose of 66–70
Gy, 60–63 Gy, and 54–56 Gy in conventional fractionation, respectively. In the adjuvant setting, only two volumes were defined:
CTV1 included tumor bed and CTV2 elective nodal areas. An isotropic expansion of 3–5 mm from CTV is given to generate respective
PTV. PTV1 and PTV2 received a dose of 60–66 Gy and 50–54 Gy, respectively. All OAR structures were contoured, such as parotids,
submandibular glands (SMGs), pharyngeal constrictors (PC), larynx,
and cervical esophagus (CE). The PC was contoured from the pterygoid plates to the inferior border of the cricoid cartilage. The CE
was contoured from the lower end of the PC to the lower edge of
the C7 vertebral body. The dose constraints used were: spinal cord
Dmax < 44 Gy; brainstem Dmax < 54 Gy; parotid Dmean < 26 Gy; SMG
Dmean < 35 Gy; PC Dmean < 45 Gy; larynx Dmean < 45 Gy; and CE Dmean
< 45 Gy. A seven-field IMRT plan with 6 MV photons was generated using the MONACO treatment planning system (Elekta Instrument, Stockholm, Sweden). The typical fields placed were 0°, 45°,
105°, 155°, 205°, 255°, and 315°. The best plan was generated by
inverse planning and progressive iterative optimization to ensure
optimum coverage of the PTV with an acceptable dose to OARs. Dynamic IMRT was delivered on an Elekta Synergy linear accelerator.
Pre-treatment verification was performed by measuring dose maps
using the iMatrix. The measured dose distribution data was compared with TPS calculated data by evaluating the gamma index criterion of 3% and 3 mm, i.e., dose difference of < 3% and distance
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to agreement of < 3 mm.

3. Chemotherapy
In a radical setting, all patients deemed fit received CRT. Only patients with an extra-capsular extension or a positive margin received
CRT in the adjuvant setting [1,2]. The CRT schedule was either weekly
or 3-weekly Cisplatin, as decided by the treating medical oncologist.
Cisplatin was given at a dose of 40 mg/m2 in a weekly schedule and
100 mg/m2 in a 3-weekly schedule. The maximum numbers of chemotherapy cycles were 7 and 3 in the weekly and 3-weekly schedule,
respectively. The number of chemotherapy cycles was titrated based
on patient tolerance. Hydration, anti-emetics, and dose modifications
were done according to department protocol. Chemotherapy was not
given after the completion of RT.

4. Follow-up
All patients were reviewed at least twice a week during therapy for
treatment-related toxicities. Patients were admitted for supportive
care when indicated. After completion of scheduled treatment, patients were followed up weekly till acute reactions subsided, then
monthly till 3 months, every 3 months till 2 years, and yearly after
that. A repeat imaging, either CT or PET/CT scan, was performed after 8–12 weeks of RT completion for response assessment. Salvage
surgery and/or re-irradiation were planned when feasible. The data
collection was done by reviewing radiotherapy charts and outpatient department records.

and interquartile range (IQR) or mean and standard deviation based
on the distribution. The late toxicities were presented using cumulative incidence. Logistic regression was used to correlate the Dmean
of salivary glands and the risk of late xerostomia. The risk of developing late dysphagia was correlated with the dose received by
DARS, presence or absence of acute aspiration, and in adjuvant
versus radical group, using logistic regression analysis.
Similarly, the risk of developing late aspiration was correlated
with the dose received by DARS, adjuvant versus radical RT, and
presence or absence of acute aspiration and late dysphagia. The
risk is represented with a hazard ratio (HR) with a 95% confidence
interval (CI). Kaplan-Meier method was used to plot LRC and OS.
The time to local recurrence and overall survival is represented in
median months with a 95% CI. The Cox proportional hazard analysis was used to determine predictors of OS. A cut-off p-value of
< 0.05 was considered statistically significant.

Results
1. Baseline characteristics

The primary objective of the study was to report the late toxicities
like xerostomia, dysphagia, and aspiration at 6 months, 1 year, 2
years, and 3 years of starting RT. Toxicity scoring was done with
Common Terminology Criteria for Adverse Events version 4.03 (CTCAE 4.03) [34]. The late toxicities were not recorded when a patient
had a locoregional disease. The mean dose (Dmean) to salivary glands
(parotids and SMGs) and DARS (PC, larynx, CE) were recorded.
The secondary objectives were to report treatment compliance,
response rates, LRC, OS, and predictors for OS. LRC was defined as
no progression or recurrence at the local or regional nodal site.
Time to locoregional failure (LRF) was calculated from the date of
diagnosis to the date of locoregional disease progression or recurrence. The OS is defined from the time of diagnosis to death due to
any cause.

A total of 166 HNC patients were treated from January 2013 to
June 2017. 103 patients who fit into our inclusion criteria were analyzed (Table 1). The median age and Charlson Comorbidity Scores
were 59 years (IQR, 48.5 to 66.5) and 4 (IQR, 3 to 5), respectively.
The median weight before starting RT was 59 kg (IQR, 49.5 to
66.5). An advanced tumor (T3 and T4) and a nodal (N2 and N3)
stage constituted 71.8% (74/103) and 46.6% (48/103) patients, respectively. The median GTV in the radical group was 58.2 mL (IQR
20.73 to 65.81) as contoured on the RT planning scan. A total of
74.7% of patients (n = 77) were tobacco users, either tobacco
chewing or smoking.
At baseline, 14 patients (carcinoma larynx 11 and carcinoma hypopharynx 3) had a tracheostomy tube in situ, and nine patients
had clinical features of aspiration. A total of 44 patients had dysphagia, and six patients required a feeding tube (nasogastric tube 5
and feeding jejunostomy 1) before starting RT. None of the patients
had xerostomia. Forty-two patients required analgesia (7 required
opioids) at baseline. Sixty-eight patients received radical RT, and
the rest 35 adjuvant RT. Seventy patients (56 in the radical and 14
in the adjuvant RT group) received CRT. Only cisplatin was used in
CRT. A total of 35 and 24 patients received weekly and 3-weekly
cisplatin schedules, respectively.

6. Statistical analysis

2. Compliance and acute toxicities

The data were analyzed using SPSS version 24 (IBM, Armonk, NY,
USA). All categorical data were summarized using frequency and
percentages. All continuous data were described using the median

The median radiation dose received was 66 Gy (IQR, 60 to 66). The
median patient volume receiving 60 Gy was 380.38 mL (IQR,
161.49 to 559.8). The median duration of RT was 6.3 weeks (IQR,

5. Study outcome
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Table 1. Baseline characteristics
Characteristic
Sex
Female
Male
Primary site
Oral cavity
Oropharynx
Hypopharynx
Larynx
Othersa)
T stage
0
1
2
3
4
N stage
0
1
2
3
Stage grouping
III
IVA
IVB
Treatment received
RT alone
PORT
RT + Chemo
PORT + Chemo
Substance abuse
Tobacco chewing
Smoking
Alcohol

Table 2. Late toxicities
Number of patients (%)
27 (26.2)
76 (73.8)
39 (37.9)
19 (18.4)
20 (19.4)
15 (14.6)
10 (9.7)
4 (3.9)
7 (6.8)
17 (16.5)
38 (36.9)
37 (35.9)

Grade 2

Grade 1

4
3
1
0

30
20
12
8

2
1
1
1

22
12
8
3

5
1
0
0

17
6
5
1

a)

30 (29.1)
23 (22.3)
38 (36.9)
12 (11.7)
32 (31.1)
40 (38.8)
31 (30.1)
12 (11.6)
21 (20.4)
56 (54.4)
14 (13.6)
43 (41.7)
52 (50.5)
25 (24.3)

Cancer subsites in radical group (n = 68): hypopharynx (20), oropharynx
(19), oral cavity (13), larynx (9), CUP (3), EAC (3), and SNC (1).
Cancer subsites in adjuvant group (n = 35): oral cavity (26), larynx (6),
CUP (1), SG (1), and SN (1).
RT, radiation therapy; PORT, postoperative radiation therapy; CUP, cervical node with unknown primary; EAC, external auditory canal; SNC, sinonasal cancer; SN, sinonasal; SG, salivary gland.
a)
Others: CUP (4), EAC (3), SN (2), and SG (1).

5.6 to 6.7). Twenty-four patients (23.3%) did not receive the
planned RT dose (17 due to toxicities, 2 had disease progression
during RT, and 5 patients discontinued the treatment). Fifteen patients (14.6%) had a gap in the radiotherapy treatment for ≥ 2
days. The reasons were acute toxicities in 13 patients and machine
breakdown in 2 patients. Overall, 64.3% (45/70) patients received
≥ 200 mg/m2 of cisplatin.
The grade 3 mucositis, dysphagia, pain, aspiration, and dermatitis
https://doi.org/10.3857/roj.2020.00913

Late toxicities Incidence (any grade)a) Grade 3
Xerostomia
6 months
47.2 (34/72)
0
1 year
41.8 (23/55)
0
2 years
30.9 (13/42)
0
3 years
24.2 (8/33)
0
Dysphagia
6 months
37.5 (27/72)
3
1 year
27.3 (15/55)
2
2 years
23.8 (10/42)
1
3 years
12.1 (4/33)
0
Aspiration
6 months
34.7 (25/72)
3
1 year
14.5 (8/55)
1
2 years
11.9 (5/42)
0
3 years
3.0 (1/33)
0

The cumulative incidence of xerostomia, dysphagia, and aspiration at
6 months, 1 year, 2 years, and 3 years. Data are presented as percentage
(number of patients with specified toxicities).

occurred in 31.1% (32/103), 51.4% (53/103), 15 (14.6%), 13.6%
(14/103), and 3.85% (4/103), respectively. Seven patients developed
grade 4 aspirations. The median weight loss was 4 kg (IQR, 1 to 6).
Fifty-nine patients (57.3%) required either a nasogastric feeding
tube (n = 31) or intravenous hydration at daycare (n = 54). Thirty-two patients (31.1%) required admission for supportive care,
with a median duration of 12 days (IQR, 5 to 15). The acute xerostomia was not recorded.

3. Late toxicities and dose to OARs
The late toxicities were evaluated in 72 eligible patients with a
minimum follow-up of 6 months. The cumulative incidence of xerostomia, dysphagia, and aspiration at 6 months, 1 year, 2 years,
and 3 years after starting treatment are enumerated in Table 2. The
Dmean (median and IQR) received by OARs were: parotids 25.62 Gy
(IQR, 24.25 to 33.33), SMGs 53.72 Gy (IQR, 29.45 to 59.50), PC
48.56 Gy (IQR, 42.92 to 55.26), CE 42.59 Gy (IQR, 31.68 to 46.74),
and larynx 47.77 Gy (IQR, 40.42 to 56).
Most patients developed xerostomia, but it subsided in more
than half of patients by the end of 6 months (Table 2). None of the
patients developed grade 3 xerostomia, and the majority had grade
1 toxicity. The grade 2 xerostomia occurred in four patients (5.5%)
at 6 months, three patients (5.4%) at 1 year, one patient (2.4%) at
2 years, and none at 3 years. The Dmean of ≥ 26 Gy to parotids was
associated with a significantly higher risk of xerostomia (HR =
5.19; 95% CI, 1.90–14.22; p = 0.001). Similarly, there was an increasing trend of developing xerostomia, when Dmean of SMGs was
≥ 35 Gy (HR = 2.36; 95% CI, 0.85–6.56; p = 0.099).
187
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More than half of the patients (51.4%) either required tube feeding or intravenous hydration during treatment period. Only three
patients had grade 3 dysphagia and were feeding tube dependent at
6 months. Rest 24 patients with dysphagia managed oral intake
with dietary modifications. The grade ≥ 2 dysphagia occurred in five
patients (6.9%) at 6 months, three patients (5.4%) at 1 year, two
patients (4.7%) at 2 years, and one patient (3%) at 3 years (Table 2).
With logistic regression analysis, the risk of late dysphagia had a
significant association with Dmean of ≥ 45 Gy to PC (HR = 7; 95% CI,
1.84–26.61; p = 0.004), Dmean of ≥ 55 Gy to larynx (HR = 3.25; 95%
CI, 1.15–9.11; p = 0.025), and patients receiving adjuvant RT (HR =
5.26; 95% CI, 1.85–14.87; p = 0.002). There was a trend of increased risk of dysphagia with Dmean of ≥ 45 Gy to CE (HR = 2.55;
95% CI, 0.93– 6.96; p = 0.067) and ≥ 45 Gy to larynx (HR = 2.27;
95% CI, 0.82–6.24; p = 0.112). The severity of acute dysphagia had
no correlation in developing late dysphagia (HR = 1.66; 95% CI,
0.63–4.36; p = 0.302) (Supplementary Table S1).
One-thirds of patients had aspiration at end of 6 months, which
decreased to half at 1 year (Table 2). The majority (n = 17) had
grade 1 aspiration. The grade ≥ 2 aspiration occurred in eight patients (11.1 %) at 6 months, two patients (3.6%) at 1 year and
none at 2 and 3 years. Patients with grade ≥ 2 aspiration received
multiple antibiotic courses or had a hospital admission for a respiratory infection. The late aspiration pneumonia was recorded as
cause of death in four patients. The risk of aspiration is associated
with Dmean of ≥ 45 Gy to larynx (HR = 6.5; 95% CI, 1.93–21.88; p
= 0.003), ≥ 55 Gy to PC (HR = 3.54; 95% CI, 1.25–9.98; p =

0.017). Also, the patients with late dysphagia were at higher risk of
developing aspiration (HR = 4.37; 95% CI, 1.55–12.31; p = 0.005).
Patients receiving adjuvant RT had higher trend of developing late
aspiration compared to radical RT (HR = 2.65; 95% CI, 0.97–7.17;
p = 0.056). The presence of acute aspiration was not associated
with late aspiration (HR = 0.63; 95% CI, 0.23–1.66; p = 0.348)
(Supplementary Table S1).
Among other late toxicities, pain, subcutaneous fibrosis, and
neck edema were observed in 13 patients (18.1%), 27 patients
(37.5%), and 28 patients (38.9%), respectively. The majority were
grade 1 toxicities. Only one patient was reported with osteoradionecrosis (ORN). The patient was a case of recurrent carcinoma buccal mucosa, which required surgical release for trismus and debridement for ORN.

4. Disease control and survival
The median follow-up was 4.2 years (IQR, 3.5 to 6) in surviving patients. Response assessment was done after 10–12 weeks of RT
completion. In the definite group, 57.3% of patients (39/68)
achieved a CR. Salvage surgery was performed for only one patient,
and two patients received palliative chemotherapy. In the adjuvant
group, all except one patient (34/35) was free of disease. At the
time of analysis, 30 patients had recurred. The median time to LRF
was 33 months (95% CI, 1–76) (Fig. 1A). The recurrence pattern
was local, regional nodal, local with regional nodal, locoregional
with distal metastasis, and distal metastasis alone in 14, four, five,
three, and four patients, respectively. Most patients had an unre-
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Fig. 1. (A) The median time to locoregional failure was 33 months (95% confidence interval [CI], 1–76). (B) The median time to overall survival
was 19.26 months (95% CI, 14.7–23.8).
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sectable disease at recurrence. Only six patients were suitable for
salvage surgery. At recurrence, one patient underwent surgery
alone, three patients underwent surgery and adjuvant re-irradiation, one patient received re-irradiation with concurrent chemotherapy, five patients received palliative chemotherapy, four patients received alternate therapy, and the majority (n = 14) received best supportive care. Two patients refused salvage surgery.
A total of 74 patients had died at the time of analysis. A total of
75.6% of deaths (56/74) occurred in the first 2 years, and most
deaths were due to LAHNSCC (n = 38). Acute toxicities and sepsis
caused deaths in 12 patients in the first year. Nine deaths were due
to intercurrent illness (Supplementary Table S2). Three patients developed second primary (one each of carcinoma buccal mucosa,
carcinoma anterior tongue, and carcinoma cervix). Among 29 alive
patients at the last visit, 24 patients had more than 4.5 years of follow-up. The median OS was 19.26 months (95% CI, 14.7–23.8) (Fig.
1B). The Cox proportional hazard model analysis showed the OS improved with surgery and adjuvant RT compared with radical RT ±
chemotherapy (HR = 1.69; 95% CI, 1.02–2.79; p = 0.040). The OS
worsened with stage IVA and IVB compared with stage III (HR =
1.83; 95% CI, 1.11–3.03; p = 0.017) (Supplementary Table S3).

Discussion and Conclusion
The cumulative incidence of grade ≥ 2 xerostomia, dysphagia, and
aspiration at 1 year were 5.4%, 5.4%, and 3.6%, respectively. A
Dmean of ≥ 26 Gy to the parotids was associated with a higher risk
of xerostomia. Dysphagia was found to be significantly associated
with Dmean of ≥ 45 Gy to the PC, ≥ 55 Gy to the larynx, and a patient receiving adjuvant RT. The risk of aspiration is associated with
Dmean of ≥ 45 Gy to larynx and patients having late dysphagia. After
a median follow-up of 4.2 years, the median time to LRF and OS
was 33 months and 19.26 months, respectively.
The incidence of grade 1, 2, and 3 xerostomia varied from
13.1%–42%, 10%–19.7%, and 0%–1.6%, respectively at 1 year
after IMRT [21,23,26,27]. The incidence of xerostomia decreased
until 1 year but remained stable 2 years after IMRT [27,35]. The
grade ≥ 1 xerostomia was associated with a mean dose to the contralateral parotid glands ≥ 26 Gy [23]. The literature recommends
restricting the mean dose to 26 Gy for at least one parotid gland
and attempts to reduce the doses to contralateral SMG [17]. We
report similar incidence and severity of xerostomia and a decreasing trend of xerostomia years after IMRT. The mean dose of < 26
Gy to parotid glands was achieved, but a decreasing dose to SMGs
was not feasible in our study population.
The reporting of dysphagia is also varied. Grade 3 dysphagia
(feeding tube dependent) was reported in 13% of patients at 1
https://doi.org/10.3857/roj.2020.00913

year by Montejo et al. [20]. Mazzola et al. [23] reported grade 2
dysphagia at 6, 12, and 24 months in 26% (n = 9), 23% (n = 8),
and 23% (n = 8), respectively. Baudelet et al. [35], reported 60%
of patients experienced dysphagia (grade 1–4) at 1 year, and decreasing to 36% at 5 years. The majority were grade 1, and less
than 10% were grade 2 or more. We report a lesser incidence of
dysphagia, 27.3% and 23.8% at 1 year and 2 years, respectively. In
a review by De Felice et al. [36], the late dysphagia was associated
with Dmean of > 56 Gy to the larynx, > 63 Gy to PC, and > 48 Gy to
CE. In our study, the Dmean received by the larynx, PC, and CE was
47.77 Gy, 48.56 Gy, and 42.59 Gy, respectively. This may explain a
lesser incidence of dysphagia in the present study.
The literature on aspiration after IMRT in HNC is sparse. Petras et
al. [37], reported 34% of patients (10/29) showed aspiration on
videofluorography (VFG) at 1 year after IMRT. A Dmean of 6,500 cGy
or higher to the aryepiglottic folds was associated with an increased risk of aspiration at 1 year. The incidence of aspiration in
the present study was 14.5% (8/55) at 1 year. We assessed aspiration based on clinical features in the majority of cases, and imaging
when available. None of the patients underwent a VGF to diagnose
aspiration, explaining a lower incidence of aspiration in our study.
The 3-year OS reported after IMRT in single institute series ranges from 52% to 82% [26,27]. However, the long-term survival remains poor in larger series of locally advanced HNC. The 5-year OS
rate was in the range of 20%–43% for oral cancer, 8%–25% for
pharyngeal cancers, and 25%–62% for laryngeal cancer with conventional treatment in a high-volume center from India [38]. The
EUROCARE-5 population-based study reported 5-year age-standardized relative survival of 33.7% for all locally advanced HNC
[39]. The poor OS is in concordance with other studies from India
[38,40]. The tobacco use, larger gross tumor volume, and decreased
sepsis surveillance might result in inferior survival. Three-fourth of
our patient population were tobacco users. The smokers at diagnosis have a significantly decreased OS and were almost twice as
likely to die than non-smokers [41,42]. Secondly, a larger GTV is
known to have a poorer outcome. Carpen et al. [43] reported a primary GTV of > 38 cm3 and a larger nodal GTV as a continuous variable had a significantly poorer OS. In the present study, the median
GTV (primary + nodal) was 58.2 mL. Thirdly, the acute mortality
during CRT of HNC is a poorly understood and under-reported
event. Mirabile et al. [44], in a literature review, stated that the
acute mortality of CRT is between 2%–9.3%, and the majority are
sepsis-related. Also, the unknown causes of acute deaths are likely
related to sepsis. We report 12 early deaths due to sepsis and the
proposed toxicity syndrome published earlier [45]. Though OS is
poor in our study, the local-regional control rate is satisfactory
with medial time to LRF of 33 months.
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Being a retrospective study is the main limitation. No comparison was made between the radical and adjuvant groups because of
heterogenous subsites. Though different from other pharyngo-laryngeal cancers, the SCC of the salivary gland and external auditory
canal were included. The primary outcome was late toxicity, and RT
is similar in these patients. The strength of our study lies in excellent long-term follow-up with minimal censoring of data. The
treatment received by the study population was homogenous in
terms of RT dose, techniques, and chemotherapy protocol. We report rates of aspiration after IMRT and correlated with RT dose received by DARS. Aspiration is often underreported in literature due
to its elusive nature.
In conclusion, we demonstrated reasonable long-term toxicities
in LAHNSCC in a real-world setting. By limiting the dose to salivary
glands, constrictors, and larynx, a lower incidence of xerostomia,
dysphagia, and aspiration can be achieved using IMRT. Further prospective studies are needed to know the impact on quality of life
after IMRT.
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Purpose: To evaluate correlation of single photon emission computed tomography-computed tomography (SPECT-CT) data on lymph flow (LF) from oral tongue cancer (OC) and the topography of lymph
nodes (LN) metastases; to determine the clinical value of lymph flow guided radiotherapy (LFGRT).
Materials and Methods: SPECT-CT visualization of LF from the OC lesions was performed after peritumoral injection of 99mTc-phytate in 26 primary patients with clinical stage cT1-2N0M0 disease. We
determined the individual drainage (unilateral/bilateral) from the tumor, and localization of sentinel
LNs according to the neck levels. Metastases in LNs were verified with histology and a 2-year follow-up.
Results: SPECT-CT detected bilateral LF in 10 (38.5%) of 26 patients; in 16 (61.5%) cases the drainage was unilateral. Histology revealed LNs metastases in three cases; regional recurrences were diagnosed in other four patients. In all seven observations metastases were located at the same site and
level as the sentinel LNs. In eight (30.8%) of 26 patients sentinel LNs were visualized unilaterally at
levels Ib–IIa; in five cases, unilaterally at levels I–IIa–III. In these patients, LFGRT demonstrated 59%–
70% reduction of irradiated volume, and 26%–42% and 51%–70% decrease of the mean dose to the
spinal cord and the contralateral parotid gland. In patients with a bilateral drainage the reduction of
doses absorbed by the spinal cord and contralateral parotid gland was 19% and 6%, respectively.
Conclusion: Localization of sentinel LNs determined by SPECT-CT corresponds to the localization of
metastatic LNs in terms of side and levels.
Keywords: Oral tongue cancer, Sentinel lymph nodes, Lymph flow, Radiotherapy

Introduction
The results of prospective randomized studies in patients with oral
cancer demonstrated that a standard bilateral irradiation of the
neck provided a significant increase of overall and relapse-free survival [1,2]. The opinion on the required and sufficient volumes to be
irradiated in different clinical situations is less definitive. The cur-

rent guidelines recommend a bilateral neck irradiation with exceptions in special cases only, as in case of unilateral tonsil involvement when regional radiotherapy can be performed only on the
lymph nodes (LNs) ipsilateral to the primary lesion. Unfortunately,
the available imaging modalities are not enough accurate to identify patients with a low risk of LNs involvement: sensitivity of ultrasound, magnetic resonance imaging (MRI), positron emission to-
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mography-computed tomography (PET-CT) in diagnosing subclinical metastatic lesions does not exceed 46%–80% [3-6]. Meanwhile, the reduction of neck LN irradiation volumes including unilateral radiotherapy in patients with oropharyngeal malignancies is
of utmost importance as the minimization of the irradiation volume is associated with sparing normal tissues and a significant reduction in frequency and grade of early and late toxicity of the
treatment [7,8].
The concept of sentinel lymph node (SLN) appeared in the last
quarter of the 20th century, and was successfully implemented in
the routine treatment of patients with breast cancer and melanoma. The main idea of this concept is based on the assumption of
the sequential and predictable manner of lymph flow from the tumor to the regional LNs, and hence on predictable order of LNs
metastatic involvement [9]. The logical evolution of these ideas led
to the concept of lymph flow guided radiotherapy already discussed in patients with breast, prostate, head and neck, and cervical cancer [10-13]. The main purpose of the present study was to
evaluate the correlation of single photon emission computed tomography-computed tomography (SPECT-CT) data on lymph flow
from oral tongue cancer and the topography of LNs metastases revealed with histological examinations and during the follow-up.
We analyze the value of this information for lymph flow guided radiotherapy in patients with oral tongue cancer.

Materials and Methods
This retrospective study approved by the Institutional Ethic Committee of the N.N. Petrov National Medical Research Cancer Center (No. 20). Finally, 26 primary patients with stage I–II (cT12N0M0) carcinoma of oral tongue were included in the analysis.
In all cases the primary staging, treatment and follow-up were
performed at the Institute from January 2015 to November 2019.
The baseline characteristics of the study group are presented in
Table 1.
All patients had clinically non-involved LNs confirmed by clinical
examination, ultrasound of the neck, contrast-enhanced CT and
MRI. The main signs of LN metastases were: a short axis diameter
of more than 8 mm, a round shape, presence of necrosis, irregularity of the borders/margins, and change of cortex thickness and/or
loss of fatty hilus.
For the SLN mapping we used 99mTc-radiocolloids (99mTc-phytate)
with the diameter ranging from 80–100 nm to 1,000 nm. The hybrid SPECT-CT visualization of sentinel and second echelon LNs
with tracer uptake was performed 120–240 minutes after the peritumoral injection of 99mTc-phytate (0.2–0.4 mL) in four points
around the primary lesion (3, 6, 9, and 12 o’clock positions). The
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Table 1. Patient demographics and tumor characteristics (n = 26)
Characteristic
Sex
Male
Female
Age (yr)
Lateralized primary tumor
No
Yes
T stage
T1
T2
Grade
G1
G2
G3
Lymph flow (SPECT-CT)
Unilateral
Bilateral
Neck dissection
Radical (I–V levels)
Elective (I–III levels)

Value
14 (53.8)
12 (42.2)
55.6 (33–84)
5 (19.2)
21 (80.8)
14 (53.8)
12 (42.6)
9 (34.6)
15 (57.7)
2 (7.7)
16 (61.5)
10 (38.5)
2 (7.7)
24 (92.3)

Values are presented as number (%) or median (range).
SPECT-CT, single photon emission computed tomography-computed tomography.

total injected activity ranged from 100 MBq to 150 MBq. The patients were positioned supine on the table in the treatment position. The acquisition started with the following parameters: 128 ×
128 matrix; scan step, 3°; shot exposure time, 16 seconds; rotation
angle for each detector, 180°. Upon the completion of the SPECT, a
spiral CT was performed without changing the patient’s position on
the table. All LNs with uptake of 99mTc-phytate were categorized as
sentinel LNs according to the recent approach in patients with
head and neck cancer [14].
The SPECT-CT data were analyzed by an experienced (10 years of
practice) radiologist and a radiation oncologist. They assessed the
lymph flow pattern (unilateral or bilateral), number and topography
of SLNs. The visualized SLNs were anatomically categorized according to the levels of the neck as proposed by the consensus guidelines for the delineation of the neck node levels [15]. The next day
after the SLN mapping all patients underwent surgery with SLN biopsy followed by a unilateral LNs dissection on the site of the tumor. This strategy was approved by the Institute Tumor Board and
considered as a routine treatment approach. The extent of LNs dissection was not directed by the topography of visualized SLNs: in
two cases we performed “radical unilateral neck LNs dissection”
(dissections of LNs localized at the I–V levels); in the remaining 24
cases, “elective” LNs dissection (dissection of LNs from levels I–III).
https://doi.org/10.3857/roj.2021.00395
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In all cases sentinel LNs identified with the gamma-probe and
non-sentinel (without radioactivity) LNs from all anatomic levels
were separately sent for a pathological examination.
The pathological examination of SLNs was performed according to
the protocol recommended by the SENT study [16]. Nodes of less
than 2 mm were examined as a whole; nodes of 2–5 mm were cut
into 2 halves along the greatest distance from the LN poles. LNs of
more than 5 mm were sliced into 2 mm sections. Cross-sections
were stained with hematoxylin and eosin (H&E) and examined with
a light microscopy. In case of non-metastatic SLNs additional staining with pancytocreatin AE1/AE3 antibodies was performed.
Non-sentinel LNs were examined according to the standard protocol:
single representative section of each half of the node was stained by
H&E for a final light microscopy. Based on histopathology results,
metastases were differentiated into isolated tumor cells (<0.2 mm),
micrometastases (0.2–2 mm) or macrometastases (>2 mm).
At least a 2-year follow-up upon the completion of the treatment was reached for all patients. The schedule of the visits was as
follows: every 3 months during the first year and every 6 months
during the subsequent period. For the first 2 years, the follow-up
procedures included physical examinations, MRI and ultrasound
scanning.
Finally, with the Eclipse 3D treatment planning system (Varian,
Santa Clara, CA, USA), we compared virtual radiotherapy plans prepared for a standard radiotherapy of neck LNs and primary lesion
according to existing guidelines and experimental plans for lymph
flow guided radiotherapy when irradiation volumes were restricted
by the primary lesion and neck levels with SLNs. To compare the
treatment plans we used the following parameters: clinical treatment volume (in cm3), the mean whole body dose, the mean dose
absorbed by the irradiated spine and the mean dose to the ipsilateral and contralateral parotid gland.

1. Reference test and statistical analysis
The purpose of the study was to evaluate the correlation of SPECTCT data on lymph flow from oral tongue cancer and topography of
regional LNs metastases revealed with histopathology and/or
during follow-up. All patients underwent the unilateral neck dissection on the site of primary lesion even in cases when primary
tumor was close to the median sulcus. Histopathologic examination of excised LNs and the follow-up data were both used as a
reference. Patients with positive SLNs and/or non-SLNs localized at
the same levels as SNLs were considered true positive. Also, all regional recurrences corresponding to the levels containing SLNs at
the primary SPECT-CT were considered as true positive. All cases
with lymph node metastases and/or regional recurrences detected
distally from the levels containing SLNs were considered as false
https://doi.org/10.3857/roj.2021.00395

negative. These data were used to calculate the negative predictive
value and sensitivity of SPECT-CT data on lymph flow in predicting
topography of neck metastases.

Results
SLNs were successfully visualized in all 26 primary patients included in the study. All patients had SLNs identified during the surgery.
We found a close correlation between the localization of the primary lesion and the pattern of lymph flow from the tumor: unilateral or bilateral (Fig. 1). SPECT-CT demonstrated bilateral localization of LNs with uptake of 99mTc-phytate in 10 (38.5%) cases. This
pattern was detected in four of five patients with a medial localization of the primary lesion. At the same time, six of 21 (28.6%)
patients with lateralized lesions had SLNs visualized on both sides
of the neck.
Other 16 (61.5%) patients had a unilateral drainage from the
primary lesion that manifested in the unilateral localization of radioactive LNs on the side of the tumor. We did not detect any case
of the unilateral lymph flow to the contralateral side of the neck.
Interestingly, in 15 of 16 patients with the unilateral lymph flow
pattern primary lesions had a lateral localization.
The pathological examination of the removed neck LNs revealed
metastases in three of 26 patients included into the study. All three
cases were classified as micrometastases. In two patients metastases were localized in SLNs without tumor involvement of nonSLNs, and in the last case metastases were diagnosed in non-SLNs
localized in the neck level containing SLNs.
It is important to note that pathological examinations of the removed LNs and a median 29 months follow-up confirmed that none
of 16 patients with the unilateral lymph flow had a contralateral
metastatic LN involvement and/or contralateral recurrences. On the
contrary, one of 10 patients with the bilateral localization of SLNs
determined with the SPECT-CT examination had a progression in
contralateral SLNs. During the initial treatment, the patient with a
primary lateralized lesion had a unilateral LNs dissection only on the
side of primary tumor. During the pathological examination no metastases were identified in sentinel and non-SLNs, and it was decided to refrain from the contralateral neck dissection.
The median follow-up for 26 evaluated patients was 29 months
(range, 24 to 56 months). During this follow-up period, we diagnosed four regional recurrences: in one patient with the bilateral
lymph flow who had a unilateral LNs dissection, tumor progression
was detected in a SLN localized on the contralateral side of the
neck. This SLN was successfully visualized with SPECT-CT performed before the primary surgery. Despite the findings of SPECTCT the unilateral neck/cervical LNs dissection was performed due
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A

B

Fig. 1. SPECT-CT visualization of lymph flow from oral tongue cancer. (A) The identification of unilateral lymphatic drainage of the tongue cancer (injection site is masked). Three-dimensional volume rendered SPECT-CT image revealing that cervical sentinel lymph node is located in the
IIa level. (B) The identification of bilateral lymphatic drainage of the tongue cancer (injection site is masked). Three-dimensional volume rendered SPECT-CT image revealing that cervical sentinel lymph nodes are located in the IIa level on the left side (arrow) and IIa–III levels on the
right side. SPECT-CT, single photon emission computed tomography-computed tomography.

to the presence of a lateralized primary tumor. In other three
non-irradiated patients the neck recurrences were revealed at the
level with SLNs present: level Ia in one, level III in other two observations. Distant lung metastases were detected in 2 (7.7%) cases.
To the date of the last follow-up, one patient with lung metastases
died from the oral tongue generalization 14 months after the
treatment started.
Thus, the survival rate was 96.2%, the disease-free survival rate
76.9%, and locoregional recurrence rate 15.4%.
Finally, we found that in six of seven cases neck metastases diagnosed with the pathomorphological examination or revealed as
recurrences during the follow-up were localized in SLNs or in nonSLNs on the levels bearing “hot” LNs. In one case, metastatic LN
was revealed on the level proximal to the level bearing radioactive
LNs. The histopathologic findings and the follow-up data indicate
high sensitivity (100%) and negative predictive value (100%) of
SPECT-CT lymph flow visualization when it is used to predict localization of oral tongue metastases according to the neck site and
levels. Tables 2 and 3 show the rate and distribution of SLNs detected with SPECT-CT. In nine (34.6%) of 26 patients SLNs were visualized only at levels I–II (Tables 2, 3); whereby in eight of nine
mentioned cases the lymph flow was unilateral.
Since the study group was mostly represented by patients with
an early oral tongue cancer, only three men received adjuvant radiotherapy: chemoradiotherapy in patient with T2 oral tongue cancer and a positive margin; radiotherapy—in patient with lympho196

Table 2. Localization of SLNs and LN metastases in patients with
unilateral lymph flow from primary tumor
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Distance from
the tumor edge
to median
sulcus (mm)
12
4
5
1
5
5
5
9
1
1
13
16
18
7
5

Ipsilateral levels
with SLNs
IIa–III
IIa
IIa–IIb
IIa
IIa–IIb–III–IV
Ib–IIa–IIb–III–IV
IIa–IIb–III–IV
Ia
Ib–IIa–IIb–III
IIb
IIa–IIb–III
IIa–IIb–III
IIa
IIa
IIa
IIb–III

Ipsilateral
Ipsilateral
levels with
levels
with
metastatic recurrent
LNs
LNs
IIa non-SLN
III SLN
III
IIb SLN
III
-

SLN, sentinel lymph node; LN, lymph node.

vascular invasion and another one—with close margin. Therefore,
we evaluated the potential of lymph flow guided strategy of definitive or adjuvant radiotherapy/chemoradiotherapy in reduction of
normal tissue irradiation according to three clinical models. The
https://doi.org/10.3857/roj.2021.00395
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Table 3. Localization of SLNs and LN metastases in patients with bilateral lymph flow from primary tumor
No.
1
2
3
4
5
6
7
8
9
10

Distance from the tumor
edge to median sulcus (mm)
8
6
6
9
6
0
0
0
6
0

Ipsilateral levels with
SLNs
IIa–IIb–III
IIb
IIa–III
Ia–IIa–III
IIa
IIa–III
IIb–III
III
IIa–III
IIa–III

Contralateral levels
with SLNs
IIa–III
IIb
IIa–III
IIa–III
III
IIa–III
IIb
III
III
IIa

Ipsilateral levels with
metastatic LNs
No
No
No
No
No
No
No
No
No
No

Levels with recurrent
LNs
No
Ia non-SLN ipsilateral
IIa SLN contralateral
No
No
No
No
No
No
No

SLN, sentinel lymph node; LN, lymph node.
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Fig. 2. Treatment plan (dose distribution) for “lymph flow guided” radiotherapy of patient G with a unilateral localization of sentinel lymph
nodes on the levels I–IIa in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for standard bilateral irradiation of neck lymph
nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms demonstrated a significant advantage of lymph flow directed irradiation confirmed with a dramatic reduction of the doses absorbed by cervical spinal cord (blue arrow), contralateral parotid gland (white arrow) with simultaneous reduction of the total amount of irradiated tissues (green lines).

first was represented by the patient with the unilateral lymph flow
to the I–IIa neck levels, the second by the unilateral lymph flow to
levels I–III, and the third by the bilateral lymph flow. For each model we created plans for a standard bilateral elective LN irradiation,
and a plan for lymph flow guided radiotherapy.
The first model was represented by patient K. who had the unilateral lymph flow to levels I–IIa. In this case, the clinical treatment
volume could be decreased by 70%: from 1,224 cm3 (for a standard
bilateral elective LNs irradiation) to 367 cm3 (for a lymph flow guided strategy); the mean dose absorbed by the cervical spinal cord
could be reduced from 24.7 to 14.3 Gy (42%); the mean dose to the
https://doi.org/10.3857/roj.2021.00395

contralateral parotid gland from 24.6 to 12.4 Gy (51%) (Fig. 2).
In 14 (53.8%) of 26 cases, the SPECT-CT data demonstrated that
SLNs were localized at level III and proximally; whereby in five of
those 14 cases the lymph flow pattern was unilateral. In addition, a
very similar pattern of unilateral lymph flow to the LNs localized
on levels I–IV was detected in other three patients. As an example,
the comparative analysis of the standard and “lymph flow guided”
radiotherapy plans of patient P. showed that with the unilateral irradiation of LNs located at the levels I–III (model II) the clinical
treatment volume decreased by 59%: from 1,209 to 485 cm3. This
was associated with 26% and 70% reduction of mean doses ab197
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sorbed by the cervical spinal cord and contralateral parotid gland
from 23.5 to 17.4 Gy and from 23.2 to 6.9 Gy, respectively (Fig. 3).
In cases when SLNs were visualized at levels I–III on the involvement side and at the II level of the contralateral side of the neck
(model III), the comparative analysis of the standard and “lymph
flow guided” radiotherapy plans shows that the clinical treatment
volume could be decreased by 37% from 629 to 397 cm3. It was
associated with 19% and 6% reduction of mean doses absorbed by
the cervical spinal cord and contralateral parotid gland from 26.9
to 21.3 Gy and from 27.7 to 26.1 Gy, respectively (Fig. 4).

Discussion and Conclusion
In the present study we found out that the topography of SLNs
could effectively predict localizations of metastatic LNs and hence
be used for lymph flow guided radiotherapy. In particular, our results demonstrate that 61.5% of patients with oral tongue cancer
had a unilateral lymph flow to cervical LNs. Moreover, in patients
with lateralized primary lesions the unilateral SPECT-CT localization
of “hot” LNs was mentioned in 73.2% cases. In the SUSPECT study
[8], the authors also revealed the prevalence (in 80% cases) of the
unilateral lymph flow in patients with lesions not crossed by the
median sulcus of the tongue.
According to data obtained by Farmer et al. [17], a unilateral
lymph flow from the oral carcinoma was detected in 107 of 140 patients (76% cases). It may be assumed that patients with a unilater-

A

G

B

C

al lymph flow pattern are subjects to a unilateral LNs dissection
and/or cervical LNs irradiation only on the side of the visualized LNs.
The approach mentioned above is supported by the data obtained
by the EORTC study [18]. Literature analysis performed by AlMamgani et al. [7] reports that after a unilateral LNs dissection in
1,116 patients with head and neck cancer, contralateral LNs recurrences were found only in 2.4% of cases. However, this number increased to 12.1% in case of a medial lesion. According to Singh et
al. [19], the frequency of contralateral metastases in patients with
tumor crossing midline can reach 29%. This can be explained by a
high frequency of a bilateral lymph flow in this category of patients.
Our results indicate that 38.5% of the evaluated patients with oral
tongue cancer had SPECT-CT signs of a bilateral lymphatic drainage
into the cervical LNs, whereas in 40% of those cases the primary
tumor was localized medially, crossing the median sulcus.
Thus, our results and the literature data indicate that the bilateral LNs dissection and/or irradiation must be considered in patients
with a bilateral lymph flow pattern. On the contrary, the presence
of a unilateral lymphatic drainage suggests the opportunity for
unilateral treatment interventions. In addition, we revealed that in
all cases LN metastases detected pathologically or revealed during
the follow-up were localized proximally or at the same levels as
“hot” LNs detected by SPECT-CT examination (as an additional argument in favor of a lymph flow guided treatment strategy).
The results of 3D modeling demonstrate that according to the
concept of lymph flow guided radiotherapy in case of a unilateral

F

D

E

Fig. 3. Treatment plan for “lymph flow guided” radiotherapy of patient P with a unilateral localization of “hot” lymph nodes (with uptake of
99mTc-phytate) on levels I–IV dose distribution in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for standard bilateral irradiation of neck lymph nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms demonstrated a significant reduction of the doses absorbed by contralateral parotid gland (white arrow, blue lines), cervical spinal cord (blue arrow) with a
simultaneous reduction of the total amount of irradiated tissues (green lines).
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Fig. 4. Patient C with a bilateral drainage from the primary lesion at SPECT-CT examination uptake of 99mTc-phytate was detected in lymph
nodes of the I–III levels on the side of the tumor, and in lymph nodes of the II level on the contralateral side. Treatment plan for “lymph flow
guided” radiotherapy of patient C on dose distribution in (A) axial, (B) coronal, and (C) sagittal projections. Dose distribution for a standard bilateral irradiation of neck lymph nodes presented in (D) axial, (E) coronal, and (F) sagittal projections. (G) Analysis of dose volume histograms
demonstrated small reduction of the doses absorbed by the contralateral parotid gland (yellow lines), cervical spinal cord (blue arrow) with a
simultaneous reduction of the total amount of irradiated tissues (green lines). SPECT-CT, single photon emission computed tomography-computed tomography.

drainage the volume of irradiated normal tissues can be reduced
more than two times. Daisne et al. [12] come to the same conclusion: irradiation of LNs according the topography of SLNs can reduce the planning treatment volume by a factor of 2. Jellema et al.
[20] calculated that this dramatic reduction of the irradiated volume could decrease the frequency of dysphagia and xerostomia
from 18.1% to 6.8% and from 14.5% to 1%, respectively. de Veij
Mestdagh et al. [21] evaluate the dosimetric benefits of SPECT-CT
guided irradiation of neck LNs and the probability of normal tissue
complications. The authors concluded that the unilateral irradiation
of neck LNs in patients with a unilateral lymphatic drainage reduces the frequency and severity of dysphagia, hypothyroidism and laryngeal edema. In particular, they calculated that the probability of
xerostomia would be reduced from 43.3% to 22%, dysphagia from
18.1% to 6.8%, hypothyroidism from 44.4% to 20.2%, and laryngeal edema from 24% to 7%.
The possibility for further reduction of the LN clinical target volume when it is limited by irradiation of LNs levels that contain radioactive (“hot”) LNs looks very attractive but must be implemented in clinical practice with caution. According to the SENT multicenter prospective study that included 434 patients with сТ12N0M0 squamous cell oropharyngeal cancer, 96% of the metastatic LNs were located at the same levels as the SLNs visualized with
SPECT-CT, and in most cases those were the nodes localized at levhttps://doi.org/10.3857/roj.2021.00395

els I–III [22]. Miura et al. [23] report that in 57 patients with сТ23N0M0 squamous cell oropharyngeal cancer SLNs were detected
only at levels IV–V in 6%, and never had signs of a metastatic invasion. The SUSPECT trial [8] also reports that in patients with oral
cancer SLNs in most cases are localized at levels II–III. Sagheb et al.
[24] point out that in patients with сT1-2N0M0 oral tongue cancer
the risk of occult LNs metastases is around 30%. However, they did
not find any LN involvement distally to the level containing SLNs.
These data indicate that in 13 of 26 patients included in our study
the radiotherapy volume can be limited by a unilateral irradiation
of the LNs localized at levels I–II or I–III. However, one has to be
aware that the implementation of this treatment strategy may well
lead to the increase of regional recurrences and therefore needs to
be evaluated during the ongoing and planning prospective trials.
Our study has several important limitations. The main is that radiotherapy is usually indicated in patients with metastatic LNs. In
our study the analysis was performed in patients without clinical
signs of LN involvement. It would be important to validate the obtained data on LN positive population. Next, according to the institute treatment guidelines most of the patients underwent a unilateral LNs dissection, and the risk of contralateral LNs involvement
was mainly assessed on the basis of a 2-year follow-up which can
be insufficient for a confident conclusion. Nevertheless, we can
make some important conclusions. (1) The unilateral lymph flow
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from the primary lesion strongly correlated with lateral localization
of this lesion. (2) In patients with oral tongue cancer and unilateral
SPECT-CT localization of SLNs there was no case of contralateral
metastases. (3) The histologic data and results of the follow-up
demonstrate a high correlation between the levels containing SLNs
and the topography of metastatic LNs. These data support the assumption that the lymph flow guided strategy is a reliable means
of personalizing radiotherapy volumes. (4) It was shown that the
reduction of the clinical target volume to neck levels containing
SLNs could significantly reduce the cumulative volume of irradiated normal tissues and the mean dose to the critical organs at risk.
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Purpose: To investigate the safety and efficacy of hypofractionated radiation therapy (HFRT) in patients with non-small cell lung cancer who are unfit for surgery or stereotactic body radiation therapy (SBRT) at our institution.
Materials and Methods: From May 2007 to December 2018, HFRT was used to treat 68 lesions in 64
patients who were unsuitable for SBRT because of central tumor location, large tumor size, or contiguity with the chest wall. The HFRT schedule included a dose of 50–70 Gy delivered in 10 fractions
over 2 weeks. The primary outcome was freedom from local progression (FFLP), and the secondary
endpoints included overall survival (OS), disease-free survival, and toxicities.
Results: The median follow-up period was 25.5 months (range, 5.3 to 119.9 months). The FFLP rates
were 79.8% and 67.8% at 1 and 2 years, respectively. The OS rates were 82.8% and 64.1% at 1 and 2
years, respectively. A larger planning target volume was associated with lower FFLP (p = 0.023). Dose
escalation was not associated with FFLP (p = 0.964). Four patients (6.3%) experienced grade 3–5 pulmonary toxicities. Tumor location, central or peripheral, was not associated with either grade 3 or
higher toxicity.
Conclusion: HFRT with 50–70 Gy in 10 fractions demonstrated acceptable toxicity; however, the local
control rate can be improved compared with the results of SBRT. More studies are required in patients
who are unfit for SBRT to investigate the optimal fractionation scheme.
Keywords: Non-small cell lung carcinomas, Radiation dose fractionation, Radiation dose hypofractionation, Treatment outcome, Toxicity

Introduction
Stereotactic body radiation therapy (SBRT) has become the treatment of choice for node-negative non-small cell lung cancer (NSCLC) in patients who are medically inoperable or refuse surgery
[1,2]. SBRT has been reported to result in local tumor control of
> 90% at 3 years in multi-center, prospective trials [3-5]. However,
high risks of grade 3–5 toxicities have been reported in cases in
which the tumor location was central or adjacent to the chest wall.
Central tumors within 2 cm from the proximal bronchial tree
demonstrated 46% of severe toxicity in 2 years compared with

17% in peripheral tumors after SBRT [6]. Similarly, 33% of grade
3–5 pulmonary toxicities, including bronchial stricture and secondary obstructive pneumonia, were reported in SBRT of central tumors [7]. Additionally, after SBRT for peripheral lung tumors adjacent to the chest wall, approximately 40% of patients experienced
rib fracture in 2 years after the treatment [8]. Most prospective series regarding SBRT include small tumors under 5 cm, and large tumors ( > 5 cm) often do not satisfy the normal tissue constraints.
Some retrospective studies have demonstrated the outcomes of
SBRT in large tumors; however, only a minority of such cases were
> 5 cm, and a dose of 50 Gy in 10 fractions was administered when
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normal organ constraints were not met [9,10]. Large tumors treated with conventional radiation therapy (RT) regimens were also associated with lower control rates and higher toxicity [11-13].
Therefore, hypofractionated radiation therapy (HFRT) has been
suggested for tumors in these cases. Several schemes have been
suggested; however, there is no consensus on the fractionation
number or size in such cases. Ten-fraction HFRT schedules that
range from 50 to 70 Gy are used in our institution. In this analysis,
we aimed to investigate the safety and efficacy of 10-fraction
HFRT in patients with primary or recurrent NSCLC who are unfit for
surgery or SBRT at our institution.

ministered such that 95% of PTV received 95%–100% of the prescription dose and avoided hot spots in organs-at-risk. Respiratory-gated volumetric-modulated arc therapy or intensity-modulated
radiotherapy technique using 6 or 15 MV energy with 5–10 fields
was used. The HFRT schedule included a dose of 50–70 Gy in 10
fractions over 2 weeks based on the decision of the radiation oncologist. At each treatment, kV cone-beam CT scans were performed to localize treatment targets and subsequently, two orthogonal fluoroscopic kV images were obtained to confirm the respiratory motion of the visible mass or carina.

3. Follow-up, outcomes, and statistical analyses

Materials and Methods
1. Patients
We retrospectively reviewed 68 lesions that were treated with 10
fractions of RT with a curative aim in 64 patients at our hospital
between May 2007 and December 2018. The study was approved
by the Institutional Review Board of the Asan Medical Center (No.
2020-1605), and the requirement for informed consent was waived
because of the retrospective nature of the study. The patients were
unsuitable for SBRT because of central tumor location, large tumor
size, or contiguity with the chest wall. Centrally located tumor was
defined as a tumor within 2 cm from the proximal bronchial tree
and tumor immediately adjacent to the mediastinal or pericardial
pleura.
The exclusion criteria were as follows: patients with distant metastasis, and patients diagnosed with another cancer within 5 years
from the RT. For appropriate staging, physical examination, pathologic confirmation, chest computed tomography (CT), 18-fluoro-deoxyglucose positron emission tomography, and brain magnetic resonance imaging were performed. Before the treatment, pulmonary function tests were performed and lymph node metastases
were confirmed histopathologically, whenever possible. The stage
was determined according to the American Joint Committee on
Cancer 8th edition TNM stage classification.

2. Treatments and follow-up
For the planning of treatment, four-dimensional CT was used to
measure respiratory tumor motion (slice thickness, 2.5 mm). The
gross tumor volume (GTV) was delineated on axial CT images using
the lung window setting at end of expiration. The internal target
volume was contoured in maximum intensity projection images or
integrated using each GTV in breathing phases within the gating
window. The planning target volume (PTV) margin was determined
by adding 5–7 mm radially and 7–10 mm longitudinally. Elective
nodal irradiation was not performed. The prescribed dose was adhttps://doi.org/10.3857/roj.2021.00416

Patients were evaluated every week using complete blood count
tests and chest X-rays (CXRs). Patients were followed up at 1
month after the treatment, every 3 months during the first 2 years
after treatment, and every 6 months until 5 years thereafter using
chest CT, CXR, and laboratory tests.
The primary outcome was freedom from local progression (FFLP),
and the secondary endpoints included overall survival (OS), disease-free survival (DFS), and toxicities. The response was assessed
using the Response Evaluation Criteria in Solid Tumors (RECIST)
criteria and toxicity during and after the treatment was assessed
according to the Common Terminology Criteria for Adverse Events
version 5.0.
Local progression was defined as failure in the primary tumor site.
FFLP is the period of absence of local progression from the date of
RT initiation. PFS rates are calculated from the date of RT initiation
until recurrence, death, or last follow-up. FFLP, DFS, and OS were
calculated using the Kaplan-Meier method. Univariate analysis was
performed using log-rank test, and chi-square test was used to
identify risk factors for toxicity. Statistical analyses were performed
using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Results
1. Patients and treatments
Overall, 68 lesions in 64 patients were included in this study, and
the characteristics of patients and the disease are listed in Tables 1
and 2, respectively. The median age was 72 years (range, 57 to 89
years). In 68 tumors, 13 (19.1%) included double primary lung cancer; of them, two patients were treated with HFRT and SBRT for
each lesion, one patient underwent surgery for another lesion, one
patient received photodynamic therapy, one patient rejected treatment for the other lesion and was only followed up according to his
will, and four patients were treated with HFRT for both lesions. Additionally, eight cases were of recurrent NSCLC after surgery or definitive concurrent chemoradiation therapy (CCRT) or SBRT. We in203
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Table 1. Patient characteristics (n = 64)

Table 2. Disease characteristics and treatment parameters (n = 68)

Characteristic
Age (yr)
Sex
Male
Female
ECOG performance status
0–1
2–3
Pulmonary function test
FEV1 (%)
DLCO (%)
Underlying lung disease
Yes
No

Value
72 (57–89)

Category
Disease
characteristic

59 (92.2)
5 (7.8)
34 (53.1)
30 (46.9)
65 (20–116)
58 (36–111)
25 (39.1)
39 (60.9)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; FEV1, forced expiratory
volume in 1 second; DLCO, diffusing capacity of the lungs for carbon
monoxide.

CENTRAL
43 (63.2%)

2
(2.9%)

PLEURAL
-BASED
10 (14.7%)

7 (10.3%)
6
(8.8%)

LARGE
0

Fig. 1. Reason for hypofractionated radiotherapy.

cluded these patients, and FFLP was calculated based on 68 lesions.
Overall, 51 tumors (75.0%) were centrally located; of them, 31
cases were ultracentral, which is abutting to the proximal bronchial tree, while the remaining 20 cases were located non-ultra-centrally. Histologically, 41 tumors (64.7%) were squamous cell carcinoma and 19 tumors (27.9%) adenocarcinoma. The median size
was 3.2 cm (range, 2.6 to 4.7 cm) and 13 tumors (19.1%) were > 5
cm and 55 tumors (80.9%) were ≤ 5 cm. The median total RT dose
was 60 Gy (range, 50 to 70 Gy), and the median biologic equivalent
dose (BED) was 96.0 Gy10 (range, 60.0 to 180.0 Gy10). Twenty-five
tumors (36.8%) were treated with 50 Gy, one tumor (1.5%) with 55
Gy, 27 tumors (39.7%) with 60 Gy, two tumors (2.9%) for 65 Gy,
and 13 tumors (19.1%) with 70 Gy. The median volumes of GTV and
PTV were 18.1 cm3 (range, 0.8 to 161.7 cm3) and 60.2 cm3 (range,
204

Treatment
parameter

Value
AJCC 8th stage
T1N0
T2N0
T3N0
T4N0
Double primary lung cancer
Recurrent NSCLC
Tumor location
Central
  Ultracentral
  Non-ultracentral
Non-central
Histology
Squamous cell carcinoma
Adenocarcinoma
Others
Not checkable
Tumor location
RUL
RML
RLL
LUL
LLL
Regional node (right hilar)
Tumor size (cm)
≤5
>5
Dose (BED)
50–60 Gy (75–96 Gy )
65–70 Gy (107.25–119 Gy)
Volume
GTV (cm3)
PTV (cm3)
Mean lung dose (Gy)
V20 (%)

20 (29.4)
17 (25.0)
8 (11.8)
2 (2.9)
13 (19.1)
8 (11.8)
51 (75.0)
31 (45.6)
20 (29.4)
17 (25.0)
44 (64.7)
19 (27.9)
2 (2.9)
3 (4.4)
17 (25.0)
1 (1.5)
12 (17.6)
19 (27.9)
18 (26.5)
1 (1.5)
3.2 (2.6–4.7)
55 (80.9)
13 (19.1)

53 (77.9)
15 (22.0)
18.1 (0.8–161.7)
60.2 (12.5–502.1)
4.71 (1.79–14.74)
6.7 (1.5–29.2)

Values are presented as number (%) or median (range).
AJCC, American Joint Committee on Cancer; NSCLC, non-small cell lung
cancer; RUL, right upper lobe; RML, right middle lobe; RLL, right lower
lobe; LUL, left upper lobe; LLL, left lower lobe; BED, biologic equivalent
dose; GTV, gross tumor volume; PTV, planning target volume; V20, lung
volume dose receiving ≥20 Gy.

12.5 to 502.1 cm3), respectively. The mean lung dose was 4.71 Gy
(range, 1.79 to 14.74 Gy), and the volume of lung that received at
least 20 Gy (V20) was 6.7% (range, 1.5% to 29.2%). The reasons for
HFRT are illustrated in Fig. 1. They were as follows: (1) central lesion
(n = 43; 63.2%); (2) pleural-based lesion (n = 10; 14.7%); (3) central and pleural-based lesion (n = 2; 2.9%); (4) central and large
https://doi.org/10.3857/roj.2021.00416
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mass > 5 cm (n = 6; 8.8%); and (5) large mass >5 cm and pleural-based lesion (n = 7; 10.3%). No patient was treated with adjuvant chemotherapy after HFRT.

2. FFLP, DFS, OS, and failure pattern
The median follow-up duration was 25.5 months (range, 5.3 to
119.9 months). The FFLP rates were 79.8% and 67.8% at 1 and 2
years, respectively (Fig. 2A). The DFS rates were 54.7% and 32.8%
and the OS rates were 82.8% and 64.1% at 1 and 2 years, respec-
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tively (Fig. 2B, 2C). The median OS was 33.7 months (range, 5.3 to
131.4 months). The freedom from distant metastasis rates were
79.4% and 65.8% at 1 and 2 years, respectively (Fig. 2D). As shown
in Table 3, a PTV volume > 60 cm3 was a significant factor of FFLP
in univariate analysis ( ≤ 60 vs. > 60 cm3: 2-year FFLP, 81.5% vs.
53.9%, respectively; p = 0.023). There was no statistical difference
in the 2-year FFLP rate between the histologic types (squamous cell
carcinoma vs. others: 65.5% vs. 71.8%, respectively; p = 0.273),
tumor location (central vs. non-central: 63.8% vs. 81.4%, respec-
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24

No. at risk
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41

36
48
Follow-up (mo)
33

29

60

0
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24

26

No. at risk
64

51

44

43
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Fig. 2. Survival outcomes of 10-fraction hypofractionated radiotherapy: (A) freedom from local progression (FFLP), (B) disease-free survival
(DFS), (C) overall survival (OS), (D) freedom from distant metastasis (FFDM).
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Table 3. Univariate analysis for FFLP in 68 tumors
Variable
Age (yr)
< 70
≥ 70
Sex
Male
Female
Histologic type
SqCC
Others
Tumor location
Central
Non-central
Tumor size (cm)
≤5
>5
PTV volume (cm3)
≤ 60
> 60
Dose (Gy)
50–60
65–70

Number of
tumors

Table 4. Univariate analysis for DFS and OS

Univariate analysis
2-yr FFLP (%)

26
42

79.6
80.2

62
6

64.4
100

44
24

65.5
71.8

51
17

63.8
81.4

p-value
0.938

0.217

0.273

0.288

0.473
55
13

69.9
57.7

34
34

81.5
53.9

53
15

66.8
70.6

0.023

0.746

FFLP, freedom from local progression; SqCC, squamous cell carcinoma;
PTV, planning target volume.

tively; p = 0.288), and tumor size ( ≤ 5 vs. > 5 cm: 69.9% vs.
57.7%, respectively; p = 0.473). Additionally, there was no difference in FFLP according to dose escalation (50–55 vs. 60–65 vs. 70
Gy: 70.3% vs. 65.9% vs. 65.3%, respectively; p = 0.964). Furthermore, as shown in Table 4, patients with a PTV > 60 cm3 demonstrated lower 2-year DFS than those with lower PTV; however, the
difference was not statistically significant ( ≤ 60 vs. > 60 cm3:
40.6% vs. 25.0%, respectively; p = 0.060). Patients with Eastern
Cooperative Oncology Group (ECOG) 0–1 demonstrated better OS
than those with ECOG 2–3 (0–1 vs. 2–3: 2-year OS, 76.5% vs.
50.0%, respectively; p = 0.002). However, other factors such as PTV
volume, tumor size, radiation dose, and tumor location were not
statistically associated with OS.
As illustrated in Fig. 3, dominant failure pattern was distant failure (51.3%). Local failure was observed in 45.9% of the patients,
and regional failure was observed in 40.5% of the patients.

Univariate analysis
Number of
2-yr
DFS
2-yr OS
patients
(%) p-value (%) p-value
0.591
0.289
25
28.0
60.0
39
35.9
66.7
0.058
0.131
59
28.8
61.0
5
80.0
80.0
0.709
0.002

Variable
Age (yr)
< 70
≥ 70
Sex
Male
Female
ECOG performance
status
0–1
2–3
Histologic type
SqCC
Others
Tumor location
Central
Non-central
Tumor size (cm)
≤5
>5
PTV volume (cm3)
≤ 60
> 60
Dose (Gy)
50–60
65–70

34
30

32.4
33.3

42
22

33.3
31.8

38
26

34.2
30.8

51
13

35.3
23.1

76.5
50.0
0.698

0.161
59.5
72.7

0.302

0.429
68.4
57.7

0.164

0.177
68.6
46.2

0.060
32
32

40.6
25.0

51
13

31.4
38.5

0.325
68.8
59.4

0.220

0.546
62.7
69.2

DFS, disease-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; SqCC, squamous cell carcinoma; PTV, planning
target volume.

Local

7 (18.9%)

5 (13.5%)

2 (5.4%)

3
(8.1%)

Regional
6 (16.2%)

1
(2.7%)

Distant

13 (35.1%)

3. Toxicity
Four patients (6.25%) experienced grade 3 or higher toxicity. One
patient died because of RT pneumonitis 3 months after the end of
RT; two patients experienced grade 3 dyspnea after 5 and 10
206

Fig. 3. Failure patterns of first recurrence.
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months, respectively; and one patient developed grade 3 RT pneumonitis 4 months after the treatment. All patients had pulmonary
diseases, such as idiopathic pulmonary fibrosis (IPF) or chronic obstructive pulmonary disease (COPD). The only significant factor for
grade 3 or higher toxicity was the presence of pulmonary disease,
such as IPF or COPD (p = 0.009). Other factors such as the sex,
performance status, age, radiation dose, tumor location (central vs.
non-central; ultracentral vs. non-ultracentral), and pre-treatment
pulmonary functions test (forced expiratory volume in 1 second
[FEV1], diffusing capacity of the lungs for carbon monoxide [DLCO])
did not demonstrate any significant difference in grade 3–5 toxicity. One patient who died of RT pneumonitis had underlying IPF. After HFRT of 60 Gy in 10 fractions, he received SBRT of 48 Gy in 4
fractions for contralateral lung mass. Three months after HFRT and
about 1 month after SBRT, he was treated for pneumonia and RT
pneumonitis. After discharge, he stopped taking antibiotics and
steroids on his own. Despite rehospitalization and supportive care
due to dyspnea aggravation, he died of respiratory arrest.

Discussion and Conclusion
This study was a single-institution retrospective analysis of patients
treated with HFRT with primary or recurrent NSCLC to evaluate the
local control rates, survival, and related toxicities. The 2-year FFLP,
DFS, and OS rates were 67.8%, 32.8%, and 64.1%, respectively, and
four patients (6.25%) experienced grade 3 or higher toxicity. Given
the acceptable toxicity, our findings provide clues regarding the optimal hypofractionation regimen for patients who are unfit for SBRT.
Historically, studies with conventional RT have reported local
control rates of 30%–70% [14-17]. To improve the local control

rate and OS, SBRT was attempted in early-stage lung cancer and
demonstrated high local control (above 90%) in multi-center, prospective trials [3-5]. However, since tumors that are central, large,
and adjacent to ribs demonstrated high toxicity rates when SBRT
was performed, risk-adapted fractionation schemes such as HFRT
have been attempted to reduce the toxicity while trying to maintain the local control rate. However, a consensus regarding the
schemes remains lacking. Table 5 summarizes the clinical outcomes
of HFRT in various institutions [18-23]. Tekatli et al. [18,19] reported that 60 Gy in 8 fractions in the treatment of central tumors, but
not ultracentral tumors, had comparable OS with SBRT (2-year OS
= 62%); however, 60 Gy in 12 fractions in the treatment of ultracentral tumors resulted in 38% grade 3–5 toxicity, although local
failure was not observed during the follow-up. NRG Oncology/
RTOG 0813 tried a dose-escalating schedule in 5 fractions; 60 Gy
in the 5-fraction schedule revealed 7.2% grade 3–5 toxicity with
87.9% of 2-year local control rates [20]. In contrast, the Nordic HILUS trial, a prospective multi-center phase II trial, reported as an
abstract, tried 56 Gy in 8 fractions for central tumors and reported
28% grade 3–5 toxicities with 9.5% grade 5 toxicity and more frequently toxicities in tumors close to the main bronchus than those
close to a lobar bronchus [21]. RTOG 0813 included a relatively
small proportion of ultracentral tumors (17%) compared with our
study (45.6%) and defined a central tumor as a lesion within 2 cm
from the proximal bronchial tree (PBT), while the HILUS trial defined it as a tumor within 1 cm from PBT; therefore, that could
have resulted in the low toxicity rates in RTOG 0813 trial. Additionally, Li et al. [22] demonstrated 96.2% 2-year LC with 3.6% toxicity
using 70 Gy in 10 fractions. In this study, approximately half the
patients had central tumors and included patients with tumors ad-

Table 5. Clinical outcomes of hypofractionated radiation therapy in non-small cell lung cancer
Study, year
Bezjak et al. [20], 2019

n
120

Lindberg et al. [21], 2017

74

Tekatli et al. [19], 2015

80

Tekatli et al. [18], 2016

47

Stephans et al. [23], 2017

33

Li et al. [22], 2014

82

Current study

68

Dose (BED)
50–60 Gy/5 fx
(100–132 Gy )
56 Gy/8 fx
(95.2 Gy)
60 Gy/8 fx
(105 Gy)
60 Gy/12 fx
(90 Gy)
60 Gy/8 fx
(105 Gy)
70 Gy/10 fx
(119 Gy)
50–70 Gy/10 fx
(75–119 Gy)

Median follow-up (mo)
37.1

OS
1-yr: 93.9%
2-yr: 72.7%
NA

Toxicity ≥ Gr3
DLT: 7.2%

NA

Local control
1-yr: 97%
2-yr: 87.9%
NA

47

NA

13.9% (Gr5: 7.5%)

29.3

No LR

22.1

2-yr: 87%

1-yr: 81%
2-yr: 62%
1-yr: 61.5%
2-yr: 28.7%
2-yr: 52%

21.1

2-yr: 96.2%

2-yr: 66.9%

3.6%

25.5

1-yr: 79.8%
2-yr: 67.8%

1-yr: 82.8%
2-yr: 64.1%

6.3%

28%

38%
15.1%

BED, biologic equivalent dose; OS, overall survival; Gr, grade; DLT, dose-limiting toxicity; NA, not available.
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jacent to the chest wall, large tumors, or multiple lesions. More
than half the tumors were < 3 cm, which could have resulted in a
high control rate with comparative low toxicity.
In this study, univariate analysis demonstrated that escalation of
the total dose did not have a significant association with local control, DFS, and OS. It has been demonstrated in several studies that
SBRT regimens with BED ≥ 100 Gy have better local control and
survival rates than with BED < 100 Gy; if BED ≥ 100 Gy was used,
the local control rates were > 85% [24-26]. In this study, at the
beginning of the treatment of the 10-fraction HFRT regimen due to
central location or normal tissue constraints, we were reluctant to
use a BED of > 100 Gy because of a lack of experience. However,
following increase in experience and several reports regarding the
safety of HFRT, dose escalation to 65–70 Gy has been attempted.
However, since the sample size was not large, high-dose HFRT was
performed relatively recently and treated patients had heterogeneous characteristics; therefore, these factors might have resulted
in no significant difference in the local control with escalating total dose. Further studies with longer follow-up and large sample
size are needed. Also, considering the low rates of toxicity in
10-fraction HFRT, there is room for improving local control by escalating the total dose or fraction size. In contrast, this study
demonstrated no difference in toxicity above grade 3 between ultracentral and non-ultracentral lesions; however, this may be due
to factors such as low toxicity rate and small sample size. Since it
has been demonstrated in several studies that SBRT or HFRT for ultracentral lesions is likely to be highly toxic, it is necessary to carefully determine the fraction size and total dose, especially, for ultracentral lesions. Furthermore, in univariate analysis, the PTV volume, but not the tumor size, was statistically associated with local
progression; however, it was not associated with DFS and OS. Similarly, Allibhai et al. [9] reported that the tumor size was not associated with local progression but was associated with DFS and OS
and that the effects of tumor volume on DFS and OS were more
significant than those of tumor size.
Besides, considering low DFS and OS after HFRT and that the
most common failure pattern was distant metastasis, adjuvant
treatment such as chemotherapy or immunotherapy could be helpful in disease control. The PACIFIC trial demonstrated that treatment with the immune checkpoint inhibitor durvalumab after CCRT
demonstrated benefits in OS and DFS in patients with stage III unresectable NSCLC [27,28]. Therefore, immunotherapy or chemotherapy after HFRT could be beneficial in DFS and OS, and further
studies regarding the adjuvant treatments are warranted.
Our study has a few limitations. It was a retrospective study at a
single institution, which could have resulted in potential selection
bias. Additionally, the heterogeneity of patients, tumor locations,
208

and various organs at risk could have affected the planning and
delivery of RT and, consequently, the clinical outcomes. Despite
these limitations, this study included a relatively long follow-up
compared with other studies on HFRT. Additionally, as there are
few studies on the clinical outcomes of 10-fraction HFRT, this
study could help predict the prognosis of the patients treated with
this HFRT regimen.
In conclusion, HFRT with 50–70 Gy in 10 fractions demonstrated
acceptable toxicity, although the local control rate appears to have
a room for improvement via escalation of the total dose or fraction
size and, especially, ultracentral tumors require more attention due
to concerns of toxicity. For patients who are unfit for SBRT, more
studies are required to investigate the optimal fractionation scheme.
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Purpose: To determine the effectiveness of salvage radiation therapy (RT) in patients with locoregional recurrence (LRR) following initial curative resection of non-small cell lung cancer (NSCLC) and
identify the prognostic factors affecting survival.
Materials and Methods: Between January 2009 and January 2019, 54 patients with LRR after NSCLC
surgery were treated with salvage RT (83.3%) or concurrent chemoradiation therapy (16.7%). Twenty-three (42.6%), 21 (38.9%), and 10 (18.5%) patients had local, regional, and both recurrences, respectively. The median RT dose was 66 Gy (range, 37.5 to 70 Gy). The radiation target volume included
recurrent lesions with or without regional lymphatics depending on the location and recurrence type.
Results: The median follow-up time from the start of RT was 28.3 months (range, 2.4 to 112.4
months) and disease-free interval (DFI) from surgery to recurrence was 21.0 months (range, 0.5 to
92.3 months). Tumor response after RT was complete response, partial response, stable disease, and
progressive disease in 17, 29, 5, and 3 patients, respectively. The rates of freedom from local progression at 1 and 2 years were 77.2% and 66.0%, respectively. The median survival duration after RT was
24.8 months, and the 2-year overall survival (OS) rate was 51.1%. On univariate analysis, initial stage,
recurrence site, DFI, and tumor response after RT were significant prognostic factors for OS. DFI ≥12
months and tumor response after RT were statistically significant factors on multivariate Cox analysis
for OS.
Conclusion: Our results demonstrated the effectiveness of salvage RT for LRR of NSCLC following curative surgery.
Keywords: Radiotherapy, Salvage therapy, Non-small cell lung cancer, Recurrence

Introduction
Lung cancer remains the leading cause of cancer-related mortality
in Korea. The incidence of lung cancer ranks third in cancer statistics in Korea [1]. To date, complete surgical resection is the treatment of choice for patients with stage I, stage II, and selective
stage III non-small cell lung cancer (NSCLC) [2]. Even though early
diagnosis has become possible because of the development of diagnostic imaging technology and the active implementation of
early screening, local recurrence remains a major problem in

achieving complete remission. The reported recurrence rates after
complete surgical resection have ranged from 10% to 75% [3-5].
The median survival duration following recurrence has been reported to be 8.1–21 months in previous studies [6,7]; therefore,
post-recurrence prognosis has been generally poor. The standard
treatment for locoregionally recurrent (LRR) NSCLC remains controversial. Currently, the National Comprehensive Cancer Network
guideline [8] recommends local treatment modalities, including reoperation or radiation therapy (RT) with or without concurrent
chemotherapy (CCRT). If resection is possible, surgery is preferred;

© 2021 The Korean Society for Radiation Oncology

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

210

www.e-roj.org

Salvage radiation therapy in NSCLC

however, as reported in several large series of all patients with locally recurrent disease, repeated resection with curative intent was
performed in only 1.1%–1.7% of patients [9,10]. Alternatively, patients could be treated with salvage RT with or without chemotherapy. There have been several studies on salvage RT for LRR that
report the median duration of overall survival (OS), ranging from
14 to 54.8 months [11-19]. However, most of the studies used the
three-dimensional irradiation technique, which needs to evaluate
the results when using intensity-modulated irradiation techniques
that can reduce toxicity profiles with good tumor control. Patients
with post-resection recurrent NSCLC treated with RT achieved the
same survival outcome as newly diagnosed patients with NSCLC
treated with RT with or without chemotherapy [17]. Hence, we can
assume that the prognosis of patients with isolated but nonresectable regional recurrence might conceivably be equivalent to that of
patients presenting with de novo nonresectable stage III disease.
We speculated that patients whose tumors only recur regionally
might indeed have a favorable prognosis and are possibly amenable
to salvage by aggressive local treatment. We report our experience
with salvage RT/CCRT for patients with LRR after curative resection
for NSCLC to determine the effectiveness of salvage RT and assess
prognostic factor affective survivals.

Materials and Methods
1. Patients
We retrospectively reviewed the medical records of patients with
NSCLC who had received salvage RT after initial surgery between
January 2009 and January 2019. The decision to opt for radiotherapy instead of surgical resection was made through multidisciplinary
discussions, and all patients were presumed to have had a high risk
of reoperation, considering the patients’ condition, expected difficulty of reoperation, and risk of post-surgical morbidity and mortality. Patients enrolled in our study met the following criteria: (1) initial complete resection with or without adjuvant chemotherapy or
RT, (2) salvage RT (CCRT) with a curative aim, (3) no clinical evidence
of distant metastasis (DM), (4) adequate organ function, and (5) age
>18 years. The diagnosis of LRR in 54 patients was based on enlarging or new lesions on chest computed tomography (CT). In some
cases, the diagnosis of LRR was to be made by pathological confirmation whenever possible, either by bronchoscopic or endobronchial ultrasound-guided needle biopsy and/or aspiration cytology,
which was feasible in 25 patients (46.3%).

2. Treatment
RT was given using 6-MV photon beams from linear accelerators.
https://doi.org/10.3857/roj.2021.00696

The gross target volume (GTV) was determined by the information
from the chest CT scan and positron emission tomography-computed tomography (PET-CT) scan. The clinical target volume (CTV)
was to cover the recurrent gross lesion(s) with or without covering
regional lymphatics. The planning target volume (PTV) was defined
as a further 5-mm expansion to the CTV. Three-dimensional conformal RT using 3–4 beams was mainly used in 29 patients (53.7%),
and intensity-modulated RT (IMRT) was used in 25 patients
(46.3%). The most common dose scheme was 66 Gy in 33 fractions.
Most patients (50 of 54 patients) were treated with conventional
fractionation; one patient received stereotactic body radiation
therapy (SBRT) and three patients received hypofractionated RT (60
Gy/10 fx; 55 Gy/10 fx; 50 Gy/10 fx), most patients (83.3%) were
treated using RT alone. Only nine patients (16.7%) were treated
with weekly platinum-based doublet chemotherapy during the RT
course. The chemotherapy regimens were weekly paclitaxel and
cisplatin in six patients (11.1%), 3-weekly etoposide and cisplatin
in one patient (1.85%), and weekly paclitaxel and carboplatin in
two patients (3.7%).

3. Evaluation of response after treatment, toxicity,
and statistical analysis
We evaluated tumor response after salvage RT using Response
Evaluation Criteria in Solid Tumors version 1.1 at 3 months
post-treatment using chest CT. The failure patterns following salvage RT were subdivided into in-field failure, out-of-field regional
failure, and DM. Local progression failure was defined as failure
within the radiation field; locoregional failure was defined as the
sum of in-field failure and out-of-field regional failure; and DM
was defined as a failure in distant organs, including parenchymal
pulmonary metastasis. The endpoints included the rates of freedom
from local progression (FFLP), locoregional failure-free survival
(LRFS), freedom from distant metastasis (FFDM), disease-free survival (DFS), and OS. The durations of FFLP, LRFS, FFDM, DFS, and
OS, were calculated from the date of the start of RT to the date of
the recurrence, death, or the last follow-up. During treatment and
follow-up, toxicity was assessed and graded according to the Common Terminology Criteria for Adverse Events (version 5.0). Acute
toxicities were defined as events that occurred up to 90 days from
the end of the treatment, and late toxicities were defined as events
that occurred after 90 days. The chi-square test and Student t-test
were used to analyze the distributions of categorical and continuous variables, respectively. The Kaplan-Meier method was used to
determine the survival rate. The log-rank test and the Cox proportional hazards regression model were used for univariate and multivariate analyses to determine prognostic risk factors, respectively.
Multivariate analysis was performed on variables with a p-value
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< 0.2 in univariate analysis. A p-value less than 0.05 was considered statistically significant, and SPSS version 22.0 (IBM Corporation, NY, USA) was used for the statistical analysis.

4. Ethical statement
This study was approved by Institutional Review Board of Asan
Medical Center (No. 2021-1075) and was conducted in accordance
with the principles of the Declaration of Helsinki. The requirement
for informed consent was waived.

Results
1. Patient and disease characteristics
Fifty-four patients were included, and the characteristics of the
patients and disease are listed in Tables 1 and 2, respectively. The
median age was 67 years (range, 43 to 88 years), and 87% of them
were male. Of the 54 patients, 37 had at least one comorbidity.
Among them, 10 patients (18.5%) had underlying lung diseases,
such as tuberculosis (including old tuberculosis), chronic obstructive pulmonary disease, asthma, and interstitial lung disease. Another 27 patients (50%) had other underlying diseases, such as diabetes, hypertension, and hepatitis. Most of the patients showed

Table 1. Baseline characteristics of the patients (n = 54)
Characteristic
Age (yr)
Sex
Male
Female
Underlying disease
None
TB, COPD, asthma, ILD
Other comorbiditiesa)
ECOG status, before RT start
0–1
2–3
Smoking status
(Ex-)smoker
Never smoker
Alcohol use status
(Ex-)user
Never use
DFI (mo)
Follow-up (mo)

Value
67.3 (43.0–88.0)
47 (87.0)
7 (13.0)
17 (31.5)
10 (18.5)
27 (50.0)
50 (92.6)
4 (7.4)
41 (75.9)
13 (24.1)
33 (61.1)
21 (38.9)
21.0 (0.5–92.3)
28.3 (2.4–112.4)

Values are presented as median (range) or number (%).
TB, Tuberculosis; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; ECOG, Eastern Cooperative Oncology Group; DFI,
disease-free interval.
a)
Diabetes mellitus, hypertension, hepatitis, etc.
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good performance of the Eastern Cooperative Oncology Group performance status 0–1. Initial tumor histology at the time of surgery
was 51.9% for squamous cell carcinoma and 48.1% for adenocarcinoma. In the initial histology grade, moderately differentiated
Table 2. Baseline characteristics of the disease
Characteristic
Initial tumor histology
SqCC
Adenocarcinoma
Initial histology grade
W/D
M/D
P/D
Not checkable
Initial tumor stage (AJCC 8th)
Stage I
Stage II
Stage III
Initial tumor location
Right upper lobe
Right middle lobe
Right lower lobe
Left upper lobe
Left lower lobe
Initial Lung operation method
Lobectomy
Pneumonectomy
Wedge resection/segmentectomy
PORT
History of PORT
None
Recurrence stage (AJCC 8th)
Stage I
Stage II
Stage III
CCRT
CCRT with TP
CCRT with EP or TC
RT alone
RT dose (Gy)
RT fraction size (Gy)
BED (Gy10)
PTV volume (cm3)

Value
28 (51.9)
26 (48.1)
3 (5.6)
35 (64.8)
15 (27.8)
1 (1.9)
25 (46.3)
11 (20.4)
18 (33.3)
13 (24.1)
1 (1.8)
12 (22.2)
13 (24.1)
15 (27.8)
42 (77.8)
5 (9.3)
7 (13.0)
8 (14.8)
46 (85.2)
21 (38.9)
5 (9.2)
28 (51.9)
6 (11.1)
3 (5.6)
45 (83.3)
66.0 (37.5–70.0)
2.2 (1.8–15.0)
79.2 (46.9–150.0)
246.3 (23.9–780.0)

Values are presented as number (%) or median (range).
SqCC, squamous cell carcinoma; W/D, well-differentiated; M/D, moderate differentiated; P/D, poorly differentiated; AJCC, American Joint
Committee of Cancer; PORT, postoperative adjuvant radiation therapy;
CCRT, concurrent chemoradiation therapy; TP, paclitaxel + cisplatin; EP,
etoposide + cisplatin; TC, paclitaxel + carboplatin; RT, radiation therapy;
BED, biologically effective dose with α/β of 10 Gy; PTV, planning target
volume.
https://doi.org/10.3857/roj.2021.00696
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cases were the most common grade (64.8%). The initial tumor
stage of the patients included in the study was stage I in 25 patients (46.3%), stage II in 11 patients (20.4%), and stage III in 18
patients (33.3%). Regarding the Initial lung operation method, 42
patients (77.8%) underwent lobectomy, 9.3% underwent pneumonectomy, and seven patients (13%) underwent wedge resection or
segmentectomy due to poor pulmonary function test or high surgical risk. Eight patients (14.8%) underwent postoperative adjuvant
RT after surgery. The stage at recurrence varied, with recurrent
stage III being the most common at 51.9%. Most of the patients
underwent salvage RT alone (45 patients, 83.3%), and nine patients
(16.7%) underwent salvage CCRT. The median RT dose was 66 Gy
(range, 37.5 to 70.0 Gy), and the median dose converted into biologically equivalent dose with α/ β of 10 Gy (BED10) was 79.2 Gy10
(range, 46.88 to 150.0 Gy10). The median volume of PTV was 246.3
cm3 (range, 23.9 to 780.0 cm3).

2. Treatment response and survival
The median disease-free interval (DFI) from surgery to recurrence,
was 21.0 months, and it ranged from 0.5 to 92.3 months. The median follow-up period was 28.3 months (range, 2.4 to 112.4
months). Forty-six of 54 patients achieved complete response or
partial response (CR in 17 patients, PR in 29 patients, stable disease
in five patients, and progressive disease in three patients). OS rates
at 2 years and 5 years were 51.1% and 26.6% (Fig. 1), and DFS
rates at 1 year and 2 years were 49.9% and 28.6%, respectively
(Fig. 2A). The median FFDM time was 63.7 months (Fig. 2B). In the
case of local progression with in-field recurrence after salvage RT,

100

Overall survival (%)

80

FFLP at 1 year and 2 years were 77.2% and 66.0%, respectively
(Fig. 2C). Conversely, the median LRFS time, including both in-field
and out-of-field local recurrence was 25.5 months (Fig. 2D).
The results of univariate and multivariate analyses for 2-year
FFLP are presented in Table 3. RT (CCRT) response was the only significant prognostic factor for 2-year FFLP (p = 0.014). In addition,
as shown in Table 4, the initial stage, recurrence site, DFI, and RT
(CCRT) response were significant prognostic factors for 2-year OS.
In multivariate analysis, DFI longer than 12 months (hazard ratio
[HR] = 0.343; 95% confidence interval [CI], 0.173–0.679; p =
0.002) and RT (CCRT) response (HR = 2.879; 95% CI, 1.235–6.709;
p = 0.014) were statistically significant factor for 2-year OS.

3. Failure patterns after salvage RT
Two-thirds of the patients (36/54, 66.7%) experienced recurrence
after salvage RT: 16 (29.6%) had in-field recurrence, 11 (20.4%)
had out-of-field recurrence, while 20 (37.0%) had DM (Fig. 3).
Among them, 16 patients experienced locoregional recurrence or
progressive disease as their first site of recurrence, nine experienced DM as their first site of recurrence, and 11 experienced both
LRR and DM as their first site of recurrence. The rates of FFLP, LRFS,
and FFDM at 2 years were 66.0%, 50.5%, and 60.6%, respectively.

4. Treatment-related RT toxicity
Salvage RT was well tolerated with a compliance rate of 94.4%;
however, three patients could not finish their treatment as initially
planned due to their worsening general condition. Fourteen patients (25.9%) experienced acute radiation-induced esophagitis
with grade 1 or 2. However, there was no case of grade 3 or higher
acute esophagitis. Three patients (5.56%) had grade 3 radiation
pneumonitis and were given corticosteroids, and one patient
(1.85%) was hospitalized for grade 4 radiation pneumonitis. There
was no incidence of severe chronic toxicity or treatment-related
mortality.

60

Discussion and Conclusion

40

The rationale for treating patients with NSCLC with locoregional
relapse lies in the oligometastatic concepts. Patients with limited
metastatic disease may benefit from aggressive local treatment for
the macroscopic disease. Recent studies suggest that the survival
of locoregional recurrent NSCLC is similar to that of stage III NSCLC than that of stage IV NSCLC [17,18]. Moreover, the addition of
systemic therapy, including immunotherapy might improve local
control.
In this retrospective study, we evaluated the effectiveness of salvage RT in patients with LRR following the initial curative resection
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Fig. 1. Overall survival (OS) of salvage radiation therapy.
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Fig. 2. Survival outcome of salvage radiation therapy. (A) Disease-free survival (DFS). (B) Freedom from distant metastasis (FFDM). (C) Freedom
from local progression (FFLP). (D) Local recurrence-free survival (LRFS).

of NSCLC. The distinguishing feature of our study is that compared
with previous studies (Table 5), the proportion of using IMRT was
high (46.3%). Though the benefit of IMRT has not been conclusively established in NSCLC, lower toxicity can be achieved with this
technique [20]. We also included eight patients with a history of
postoperative adjuvant radiation therapy (PORT) after surgery. The
reason for including those patients was that we often see patients
who relapse after receiving PORT in the clinic. For out-of-field recurrence, full-dose RT could be performed; thus, these patients
214

were included.
In the case of patients with locally advanced NSCLC, several randomized trials confirmed that CCRT could significantly improve OS
and progression-free survival (PFS) when compared to RT alone
[21]. However, it has not been determined whether combining chemotherapy with RT can improve survival in this salvage therapy
setting. Most recent and large series (n = 127) studies that entailed treatment with definitive CCRT suggested that concurrent
chemoradiation led to significantly better outcomes than radiohttps://doi.org/10.3857/roj.2021.00696
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Table 3. Univariate analysis and multivariate analysis for 2-year FFLP
Variable
Age (yr)
< 65
≥ 65
Histologic type
SqCC
Adenocarcinoma
History of PORT
Yes
No
Initial stage
I–II
III
Recurrence site
Stump/lung
LN/both
BED (Gy10)
< 79.2
≥ 79.2
DFI (mo)
< 12
≥ 12
CCRT
CCRT
RT alone
CCRT response
CR, PR
SD, PD
Underlying disease
None
Yes
Alcohol
None
(Ex-)user
Smoking
None
(Ex-)user

n

Univariate
2-yr OS p-value
(%)

Multivariate
HR
p-value
(95% CI)

23
31

62
69.6

0.873

-

28
26

55.5
76.2

0.214

-

8
46

85.7
62.7

0.295

-

36
18

70.9
53.6

0.209

-

23
31

73.8
58.9

0.355

-

22
32

70.9
62

0.997

-

21
33

61
68.4

0.227

-

9
45

66.7
64.6

0.936

45

70.3

0.007

9

26.3

17
37

67.5
64.1

0.99

-

21
33

80.9
58.5

0.127

-

13
41

71.4
64.6

0.715

-

Variable
Age (yr)
< 65
≥ 65
Histologic type
SqCC
Adenocarcinoma
History of PORT
Yes
No
Initial stage
I–II
III
Recurrence site
Stump/lung
LN/both
BED (Gy10)
< 79.2
≥ 79.2
DFI (mo)
< 12

-

4.278
0.014
(1.347–13.588)

0.227

FFLP, freedom from local progression; SqCC, squamous cell carcinoma;
PORT, postoperative adjuvant radiation therapy; LN, lymph node; BED,
biologically effective dose with α/β of 10 Gy; DFI, disease-free interval;
CCRT, concurrent chemoradiation therapy; RT, radiation therapy; CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease; HR, hazard ratio; CI, confidence interval.

therapy alone [12]. However, other recent larger cohort series (n =
152) treated with definitive RT [22] did not see any clear benefit of
chemotherapy on outcomes, which might be related to the fact
https://doi.org/10.3857/roj.2021.00696

Table 4. Univariate analysis and multivariate analysis for 2-year OS

≥ 12
CCRT
CCRT
RT alone
CCRT response
CR, PR
SD, PD
Underlying disease
None
Yes
Alcohol
None
(Ex-)user
Smoking
None
(Ex-)user

n

Univariate
2-yr OS p-value
(%)

Multivariate
HR
(95% CI) p-value

23
31

47.8
54.1

0.619

-

28
26

42.6
60.6

0.368

-

8
46

50
51.3

0.946

-

36
18

63.1
27.8

0.002

-

0.122

23
31

64.1
41.9

0.042

-

0.749

22
32

54.2
44.8

0.952

-

21

28.6

0.003

33

65.7

9
45

49.2
55.6

0.978

45

56.9

0.007

9

12.5

17
37

54.2
50

0.492

-

21
33

51.3
51.3

0.358

-

13
41

51.9
51.1

0.942

-

0.343
0.002
(0.173–0.679)

-

2.879
0.014
(1.235–6.709)

OS, overall survival; SqCC, squamous cell carcinoma; PORT, postoperative adjuvant radiation therapy; LN, lymph node; BED, biologically effective dose with α/β of 10 Gy; DFI, disease-free interval; CCRT, concurrent
chemoradiation therapy; RT, radiation therapy; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease; HR,
hazard ratio; CI, confidence interval.

that locoregional failure was a higher risk for these patients than
distant metastasis. Our results are similar to those of Wu et al. [22],
which reported that two-thirds of the patients experienced recur215
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Table 5. Results of salvage radiation therapy for locoregional recurrent NSCLC
Study
Kelsey et al. [11]
Lee et al. [12]

Period
1991–2003
2004–2013

Number of patients
29
127

RT dose (Gy)
66 (46–74)
66 (37–70)

Tada et al. [13]
Bae et al. [14]
Lee et al. [15]
Bar et al. [16]

1992–2002
1994–2007
2001–2009
1999–2009

31
64
38
30

60
54 (44–66)
60 (45–75)
63.5 (26–66)

Cai et al. [17]
Seol et al. [18]
Kim et al. [19]
Current study

1992–2004
2008–2013
2004–2014
2009–2019

54
31
57
54

> 59.4
66 (51–66)
66 (45–70)
66 (37.5–70)

RT technique
Not described
3DCRT (92.9%)
IMRT (7.1%)
Not described
3DCRT
3DCRT
2DCRT (57%)
3DCRT (43%)
3DCRT
3DCRT
3DCRT
3DCRT (53.7%)
IMRT (46.3%)

CCRT (%)
51.7
100

2-yr OS (%)
38
72.9

16.1
21.9
31.6
100

30
47.9
56
50.8

47.8
51.6
73.7
16.7

14.8 (5-yr)
58.4
62.4
51.1

NSCLC, non-small cell lung cancer; RT, radiation therapy; CCRT, concurrent chemoradiation therapy; OS, overall survival; 2DCRT, two-dimensional
conformal radiation therapy; 3DCRT, three-dimensional conformal radiation therapy; IMRT, Intensity-modulated radiation therapy.

Fig. 3. Failure patterns of the first recurrence.

rence after salvage RT. Among them, 27 patients experienced locoregional failure, which was a more likely event than DM.
In terms of the radiation field, we used elective nodal irradiation
for some patients with multiple lymph node (LN) station recurrences. Except for such cases, PTV covered only recurrent lesions with
additional margin. The role of elective regional LN irradiation in
salvage RT is still unclear. For many years, the standard target volume of radical RT for primary NSCLC usually included regional
nodes electively based on the high incidence of hilar and mediastinal LN metastasis. In a previous study, Kelsey et al. [11] and Tada et
al. [13] used elective regional nodal irradiation for salvage RT for
NSCLC. Moreover, a study [12] used CTV to cover recurrent lesions
with margins without elective inclusion of regional lymphatics.
However, since the CTV was set with a 5–10 mm margin on the
GTV, if the recurrent lesion was along the multiple LN stations, the
surrounding regional lymphatics were included, as in our case. In216

dividualized radiation target volume from only recurrent lesions to
elective hilar LN and mediastinal LN should be considered on a
case to case basis.
Regarding the radiation dose, Jeremic et al. [23] reported there
was a significant difference in the 5-year survival rate between
high-dose (55–60 Gy in 26–30 fractions) and low-dose (30 Gy in
10 fractions) RT groups. Table 5 shows the results of several studies
with respect to salvage RT for LRR of NSCLC. In most studies, the
median RT dose was greater than 60 Gy. Among these studies, Bae
et al. [14] reported that the low-dose group with BED ≤ 70.2 Gy10
had significantly low 2-year survival rates than the high-dose
group with BED > 70.2 Gy10. And Lee et al. [12] also reported BED10
higher than 79.2 Gy10 was a significant factor for PFS. Considering
that the currently recommended dose for primary NSCLC is 60–70
Gy with conventional fractionation, it would be logical that higher
doses than BED > 72 Gy10 for salvage treatment will be adequate.
Previous studies indicated that the median survival of locoregional recurrence NSCLC is comparable to that of primary NSCLC
who received RT. Curran et al. [24] compared 37 patients with recurrence and 759 patients with primary NSCLC and found no significant difference in survival. Cai et al. [17] compared 54 patients
with recurrence and 607 patients with primary NSCLC and reported
a median survival of 20 months in the patients with recurrence,
which was significantly better than that of the patients with primary NSCLC. Considering the results of the previous study, the
prognosis of patients with isolated but nonresectable regional recurrence might conceivably be equivalent to that of patients presenting with de novo nonresectable stage III disease. Furthermore,
the recent updated PACIFIC Trial [25] demonstrates durable PFS
https://doi.org/10.3857/roj.2021.00696
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and sustained OS benefit with durvalumab after chemoradiotherapy. Consequently, a better survival outcome might be obtained if
the treatment method using immunotherapy as maintenance
treatment in NSCLC stage III is also implemented in patients with
LRR NSCLC stage III who underwent surgery.
Our study had some limitations. First, it was a retrospective analysis. It had heterogeneous patient groups, radiation fields, and radiation dose. The results might have been affected by selection biases. Second, confirmation by biopsy of the recurrent lesion was
possible in 25 patients (46.3%). Given that most patients were diagnosed using an imaging method, there is a risk of overestimation
of recurrence affecting the result of salvage treatment. Third, we
evaluated radiographic tumor response by follow-up chest CT performed 3 months after the completion of salvage RT. This might be
too early since response could sometimes be further prolonged,
thus leading to an under-estimation of the response to salvage RT.
To confirm the effectiveness of salvage RT for LRR after complete
resection of NSCLC, prospective trials including a large number of
patients might be needed.
In conclusion, the current study showed favorable survival outcomes after salvage RT. In the modern RT era, three-dimensional RT
and IMRT appear to be effective and safe as salvage treatments for
LRR after complete resection of NSCLC. Aggressive local treatment
is strongly recommended for patients with LRR.
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Purpose: Typical doses of 45–50.4 Gy used to treat regional nodes have demonstrated inadequate
control of gross nodal disease (GND) in gynecologic cancer, and accelerated repopulation may limit
the efficacy of a sequential boost. We reviewed outcomes of patients treated with a simultaneous integrated boost (SIB) at 2.25 Gy per fraction to positron emission tomography (PET) avid GND to evaluate toxicity and tumor control using this dose-escalated regimen.
Materials and Methods: A total of 83 patients with gynecologic cancer and PET avid inguinal, pelvic,
or para-aortic lymphadenopathy were treated using intensity-modulated radiation therapy (IMRT)
with SIB. Primary cancers were mostly cervical (51%) and endometrial (34%), and included patients
who received concurrent chemotherapy (59%) and/or brachytherapy boost (78%).
Results: Median follow-up from radiation completion was 12.6 months (range, 2.7 to 92.9 months).
Median dose to elective lymphatics was 50.4 Gy (range, 45 to 50.4 Gy) at 1.8 Gy/fraction. Median SIB
dose and volume were 63 Gy (range, 56.3 to 63 Gy) and 72.8 mL (range, 6.8 to 1,134 mL) at 2–2.25
Gy/fraction. Nodal control was 97.6% in the SIB area while 90.4% in the low dose area (p = 0.013).
SIB radiotherapy (RT) field failure-free, non-SIB RT field failure-free, and out of RT field failure-free
survival at 4 years were 98%, 86%, and 51%, respectively. Acute and late grade ≥3 genitourinary
toxicity rates were 0%. Acute and late grade ≥3 gastrointestinal toxicity rates were 7.2% and 12.0%,
respectively.
Conclusion: Dose escalated SIB to PET avid adenopathy results in excellent local control with acceptable toxicity.
Keywords: Lymphadenopathy, Dose fractionation, Radiation, Radiation dosage

Introduction
In gynecologic cancer, involvement of pelvic or para-aortic lymph
nodes (LN) is a poor prognostic factor [1]. While radiation to involved nodes has long been shown to increase survival, standard
doses (45–50 Gy) often do not control gross nodal disease (GND)
[2-4]. Earlier attempts at dose escalation with three-dimensional

conformal radiation therapy (3DCRT) posed the problem of excessive toxicity [5].
A sequential boost can be delivered with planned 3DCRT or intensity-modulated radiation therapy (IMRT), which has been shown
to mitigate toxicity and allow dose intensification. IMRT can also
be used to deliver a simultaneous integrated boost (SIB), increasing
dose without increasing overall treatment time (OT) to counter ac-
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celerated repopulation [6-8] (Table 1).
Evidence for a GND [4] boost has led to the National Comprehensive Cancer Network (NCCN) guidelines (version 1.2020) for
cervical cancer allowing simultaneous or sequential boost [9]. This
evolving treatment paradigm is reflected in current trials such as
EMBRACE-II, which allows GND to be treated to 55–65 (equivalent
dose in 2 Gy fractions [EQD2] including brachytherapy) [10].
Less evidence exists for other gynecologic cancers. In endometrial cancer, the NCCN (version 1.2020) allows a boost for gross residual disease without specifically mentioning nodes or boost type
[11]. Vulvar cancer recommendations include an unspecified boost
type for GND [12]. Similar guidelines in vaginal and ovarian cancer
are not available.
We have experience treating GND with SIB across the gynecologic cancer spectrum and sought to evaluate tumor control and
toxicity using an aggressive dose-escalated regimen.

Materials and Methods
A retrospective review was performed on patients with biopsy
proven gynecologic cancers with positron emission tomography
(PET)-avid para-aortic, pelvic, or inguinal nodes that underwent
IMRT with SIB from 2009–2020 at two cancer centers. This study
was approved by the Ethical Committee of the Baylor Scott &
White Health (No. 017-227). A total of 83 patients were identified
for inclusion. SIB dose fractionation schedules were the same for
each institution. Patients received concurrent chemoradiation (CRT)
or radiotherapy (RT) alone with or without brachytherapy. The clinical target volume (CTV) typically included the bilateral common iliac, external/internal iliac, presacral and obturator nodes based on
the primary tumor. If GND involved para-aortic nodes, was near or

above the common iliac bifurcation, the para-aortic region was included. Inguinal nodes when gross disease was present or there
was vulvar of vaginal involvement. Elective nodal fields received
45–50.4 Gy. The SIB volume included the LN identified on computed tomography (CT) simulation and PET/CT with a 5-mm expansion
for the planning target volume (PTV). Total dose to the boost volume was 56.25–63 Gy at 2.25 Gy per fraction for an EQD2 of
57.42–64.31 Gy or a BEDacute of 63.8–69.3 Gy10 assuming an α/β of
10 [7]. Brachytherapy treatments included vaginal cylinder (VC),
tandem and ovoid (T&O), and interstitial needles with Syed template (Alpha-Omega Services Inc., Bellflower, CA, USA).
Constraints of bowel bag-CTV (bowel bag excluding the bowel in
the CTV) were a maximum point dose of 60 Gy, and a volume of
195 mL or 15% to 45 Gy. Bladder constraints were 15%, 25%, and
50% to 45, 40, and 25 Gy, respectively. Rectum constraints were to
15%, 25%, and 50% to 40, 35, and 25 Gy, respectively. For
brachytherapy, the maximal dose to 2 mL of the bladder, rectum,
and sigmoid were kept within 70%–75% of the prescribed dose
when possible.
All patients received at least one set of post-treatment imaging
(PET, CT w/wo contrast, or MRI) 2–3 months after completion of RT
(Fig. 1). Post-treatment surveillance PET was only approved by insurance providers for 10 patients. Treatment failures were recorded
by location as inside the SIB RT field, inside the non-SIB RT field,
inside the RT field (both the SIB and non-SIB fields) or outside of
the RT field. Failure-free survival duration was calculated from RT
completion to the date of last follow-up or death, at which point
patients were censored. Progression-free survival (PFS) and overall
survival (OS) were also calculated from RT completion to the date
of last follow-up, with death treated as an event.
Nodal control was defined as either lack of growth or being

Table 1. Effective doses of various treatment regimens
Fraction size
Total dose (Gy)
D2Gya)
Overall treatment time (day) Proliferation dose (Gy10)
BEDacuteb) (Gy10)
1.8
50.4
49.6
38
7.9
51.6
1.8
59.4
58.4
45
11.1
59.0
2.2
55.0
55.9
33
5.5
61.6
1.2
60.0
56.0
33
5.5
61.7
1.8
63.0
62.0
46
11.6
62.8
2.1
63.0
63.5
40
8.8
67.5
2.25
63.0
64.3
38
7.9
69.3
D2Gy, isoeffective dose in 2 Gy fractions; BED, biologically effective dose.
α
d
β +2 b)
0.693 OT-TK
a)
Wither’s formula: nd= D2Gy
, Fowler’s formula: BED= nd 1+ α .
α
α
TPOT
+d
β
β
where n is the number of fractions, d is the dose per fraction, α/β is the ratio of the radiosensitivity coefficients, OT is overall treatment time, Tk is
time of delayed repopulation, and Tpot is the potential doubling time.
Constant values representative of cervical cancer: α/β = 10; α = 0.3; Tk = 21 days; Tpot = 5 days.
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A

B

Fig. 1. Representative responses. (A) CT simulation (left) and 3-month follow-up (right) of a 66-year-old patient with recurrent endometrial
adenocarcinoma at the aortic bifurcation. (B) CT simulation (left) and 4-month follow-up (right) of a 57-year-old patient with poorly differentiated vulvar squamous cell carcinoma following left vulvectomy with multiple bilateral inguinal and pelvic lymph nodes.

non-hypermetabolic on PET scan (if performed). Failure was measured in the targeted GND, the remaining treated lymphatics and
outside the treated volume. A locoregional recurrence was defined
as any recurrence within the RT field. A non-SIB recurrence occurred in the low dose CTV volume outside of the SIB volume. Recurrences outside of the RT field were distant recurrences.
Toxicities were reported using the Common Terminology Criteria
for Adverse Events v4.0 (CTCAE). Statistical analysis was done using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
1. Patient and treatment characteristics
The median follow-up was 12.6 months (range, 2.7 to 92.9
months). Table 2 describes patient and treatment characteristics.

2. Control and survival
Gross nodal control rate in the SIB RT field was 97.6% (81/83 patients). Only 2 patients (2.4%) progressed in the SIB RT field, while
8 progressed in the non-SIB RT field (9.6%; p = 0.013). SIB failure-free, In field failure-free and out of field failure-free survival at
https://doi.org/10.3857/roj.2020.00948

4 years were 98%, 86%, and 51%, respectively (Fig. 2). PFS and OS
rates at 2 years were 58% and 72%, respectively. Median PFS and
OS was 19 and 71 months, respectively (Table 3). Cervical cancer
patients in the definitive setting had a 2-year PFS and OS of 67%
and 72%, respectively. In recurrent patients, 2-year PFS and OS
was 20% and 50%, respectively. Endometrial cancer in the primary
setting had a 2-year PFS and OS 60% and 72%, respectively. In recurrent patients, 2-year PFS and OS of 67% and 75%, respectively
(Fig. 3). Of six vulvar cancer patients, one failed locally in a non-SIB
region. Of three vaginal cancer patients, none had local recurrence.
All three ovarian cancer patients were treated without debulking
surgery after failure on three lines of chemotherapy. One recurred
within the SIB field. The only other patient that failed in a SIB region had primary fallopian adenocarcinoma.
There was no difference in survival or recurrence between cervical versus non-cervical cancers or recurrent versus primary cancers
(p = 0.9866 and p = 0.6204, respectively).

3. Toxicity
The specifics of non-GI (dermatologic, gynecologic, genitourinary)
and GI (gastrointestinal) toxicities were analyzed. Toxicities of G ≥ 3
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Table 2. Patient and treatment characteristics
Characteristic
Age (yr)
Primary site
Cervical
Endometrial
Vulvar
Vaginal
Ovarian
Fallopian
Histology
Squamous
Adenocarcinoma
Other
AJCC stage (8th edition)
III
IV
Recurrent
Concurrent CHT
Brachytherapy
None
VC
T&O
Syed
Dose (Gy)
Brachytherapy
SIB
CTV
SIB nodes
Para-aortic
Pelvic
Inguinal
Para-aortic & pelvic
Pelvic & inguinal
Para-aortic, pelvic, & inguinal
SIB volume (mL)

Value
55 (31–83)
42 (50.6)
28 (33.7)
6 (7.2)
3 (3.6)
3 (3.6)
1 (1.2)
46 (55.4)
32 (38.6)
5 (6.0)
52 (62.7)
8 (9.6)
23 (27.7)
49 (59)
18 (21.7)
14 (16.9)
23 (27.7)
28 (33.7)
27.5 (5.5–56.25)
63 (51.75–63)
50.4 (45–54)
25 (30.1)
14 (16.9)
2 (2.4)
24 (28.9)
6 (7.2)
12 (14.5)
72.8 (6.75–1,134)

Values are presented as number (%) or median (range).
AJCC, American Joint Committee on Cancer; CHT, chemotherapy; VC,
vaginal cylinder; T&O, tandem and ovoids; SIB, simultaneous integrated
boost; CTV, clinical target volume.

(grade 3 or greater) were experienced by 10 (12.0%) and 12 (14.5%)
patients in the acute and late settings, respectively. The rate of GI
toxicities G ≥ 3 in the acute and late settings was 7.2% and 12%,
respectively. There were no G≥ 3 urinary toxicities. The rate of gynecologic toxicities G ≥ 3 in the acute and late settings was 2.4% and
3.6%, respectively. The rate of acute G ≥ 3 dermatologic toxicities
was 3.6%. All grade 4 and 5 toxicities were experienced by two
patients. The first had a recurrence of a previous pelvic abscess
(grade 4 gynecologic toxicity) and developed a small bowel perfo222

ration (grade 4 GI toxicity well outside of the SIB field) about 1
month after RT completion. The patient received 50.4 Gy to the
elective nodal field with a 63 Gy SIB to para-aortic and pelvic GND
along with CRT and T&O boost. The second patient developed enteritis with diarrhea and died of sepsis from ischemic bowl (within
the elective field, but well outside of the SIB field) 1 week after
completing T&O boost.

4. Boost volume
There was no significant relationship between SIB volume and
overall highest toxicity grades (either acute or late; p = 0.65). There
was no significant difference by SIB volume and occurrence of any
acute toxicity or acute toxicity type. A significant relationship was
detected by SIB volume and experiencing any acute non-GI (median: 90.7 mL with vs. 37.5 mL without; p = 0.0084) and urinary
toxicity (median: 100.8 mL with vs 51.5 mL without; p = 0.02).
There was no significant difference by SIB volume for experiencing
acute G ≥ 3 toxicity (p = 0.19). Limited incidence prevented analysis by toxicity type. There was no significant difference by SIB volume for experiencing any late toxicity or late toxicity type. There
was no significant difference by SIB volume and any (p = 0.58) or
GI-only (p = 0.3647) late G ≥ 3 toxicity.

5. Boost dose
There was a significant difference (p = 0.0371) between SIB dose
in patients who experienced acute G ≥ 3 toxicities (median 63 Gy
and mean 62.3 Gy; 95% confidence interval [CI], 60.8–63.9; range,
48 to 63 Gy) and those who did not (median 63 Gy and mean 59.7
Gy; 95% CI, 58.8–60.6; range, 56.3 to 63 Gy). Split into groups
with SIB of < 63 Gy (n = 34) versus 63 Gy (n = 49), there was a
significant difference in total acute G ≥ 3 toxicity rate (3.0% vs.
18.4%; p = 0.042) but not non-GI (0% vs. 8.2%; p = 0.1405) or
GI (2.9% vs. 10.2%; p = 0.39) alone.
There was a significant difference between SIB dose in patients
who experienced any or GI-only G ≥ 3 (p = 0.0265 and p = 0.0449,
respectively) late toxicities (median, 56.25 Gy; range, 48 to 63Gy)
and those who did not (median, 63 Gy; range, 51.75 to 63 Gy). Split
into groups of < 63 Gy versus 63 Gy, there was a trend toward difference in total late G ≥ 3 toxicity rate (27.6% vs. 8.9%; p = 0.051)
but not GI (24.14% vs. 6.82%; p = 0.0776) or non-GI (6.9% vs.
2.3%; p = 0.56).

6. Boost location
SIB to inguinal nodes correlated with higher rates of acute G ≥ 3
dermatologic toxicities (15% vs. 0%; p = 0.0124) and acute G ≥ 3
other toxicities (15% vs. 1.6%; p = 0.042). All other SIB locations
(para-aortic, pelvic, inguinal) and toxicity types were not signifihttps://doi.org/10.3857/roj.2020.00948
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Fig. 2. Disease control. (A) Simultaneous integrated boost (SIB) failure-free survival in all patients. (B) Out of field failure-free survival in all patients. (C) In field (non-SIB) failure-free survival in all patients. (D) In field (non-SIB) failure-free survival by type.
Table 3. Survival outcomes
Number of patients
Cohort
Cervical
Endometrial
Other
Recurrent para-aortic disease with prior pelvic RT

83
42
28
13
8

OS (%)
2-yr
71.8
68.4
77.1
75.0
52.5

PFS (%)
3-yr
67.8
59.9
77.1
75.0
52.5

2-yr
57.6
59.6
61.7
50.0
57.1

3-yr
48.0
49.7
61.7
41.7
57.1

OS, overall survival; PFS, progression-free survival; RT, radiotherapy.

cantly related. Overall highest toxicity grade was not significantly
related with SIB to para-aortic (p = 0.68), pelvic (19.6% vs. 33%;
p = 0.17) or inguinal nodes (p = 0.55). Vulvar treatment (non-SIB)
was significantly associated with acute G ≥ 3 dermatologic toxicity
(22.2% vs. 1.35%; p = 0.03) and late G ≥ 3 gynecologic toxicity
(25% vs. 1.54%; p = 0.03). There was a significant association between brachytherapy type (none/HDR cuff vs. T&O vs. Syed) and
any late G ≥ 3 toxicity (3.5%, 20.0%, and 28%, respectively; p =
0.0328) but not non-GI or GI individually. Two patients treated
https://doi.org/10.3857/roj.2020.00948

with SIB to the inguinal nodes only each experienced G ≥ 3 acute
and late toxicities. Of the 7 patients who developed a rectovaginal
fistula, all had received a brachytherapy boost with 4 (14%) via
Syed and 3 (13%) via T&O.

Discussion
We achieved excellent local control (LC) with elective nodal radiation and targeted boost in patients with pathologically enlarged
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Fig. 3. Patient survival rates. (A) Overall survival. (B) Progression-free survival.

PET positive LNs in both primary and recurrent gynecologic disease.
Nodal recurrence was more common in the elective lymphatics
than in the grossly positive nodes that received SIB (9.6% vs. 2.4%;
p = 0.013), and treatment was well tolerated. With a focus on
nodal control, we evaluate our findings by setting and cancer type
in the context of the literature (Table 4).

1. Primary cervical cancer
We achieved 100% control of the grossly enlarged LNs in primary
cervical cancer patients. Current guidelines and protocols for this
population do not recommend a boost method, and the criteria for
benefit are not well defined [9,10]. Wakatsuki et al. [13] found that
with a sequential boost, recurrence in poor responding patients
was correlated with a threshold dose of > 58 Gy (56.3% vs. 0%; p
= 0.0003). A Singapore study found no significant benefits with a
sequential boost [14]. Finally, Choi et al. [15] demonstrated improved PFS (100% vs. 52.4%; p = 0.023), with no difference by LN
size or number. While aspects of these studies were compelling, it
was not clear whether additional nodal boost with conventional
doses offered much benefit. Investigators at Shinshu University
concluded that nodal boost may not be necessary in patients with
positive nodes restricted to the pelvis, as they found excellent LN
control with 3DCRT (87.5%–92%). However, their reported PFS at
2 years of 31.3% is relatively poor compared to other patient cohorts with positive nodes restricted to the pelvis [16]. Using a sequential boost, Yoon et al. [17] reported a 3-year PFS of 59% with
IMRT while Ariga et al. [18] reported a 3-year disease-free survival
(DFS) of 58% with 3DCRT.
In a more detailed analysis of the dose-volume and intensity ef224

fects of nodal boosts in gynecologic cancer, Bacorro et al. [4]
demonstrated shorter overall treatment time (by 13 days) in SIB
versus sequential boost patients with a trend toward improved
nodal control (p = 0.07). They found on univariate analysis that
nodal size (volume < 3 mL) and dose (EQD2 ≥ 57.5 Gy) were significant predictors of control. Multivariate analysis confirmed a benefit of treating bulky LNs with increasing dose. Other studies have
also identified improved nodal control or OS with increasing dose.
The reported LN size thresholds for benefit have ranged from ≥ 1.5
to 2.4 cm [1,14,19-23]. The number of positive nodes, LN SUV
(standardized uptake value) heterogeneity, maximum LN SUV, and
various other factors have demonstrated prognostic value [4,18,2427].

2. Primary endometrial cancer
There is less literature on boosting GND in endometrial cancer. As
in cervical cancer, it is unknown what subset of patients would receive the most benefit. Size of LNs has demonstrated an effect on
recurrence risk [3,28], with mixed findings on the number of LNs
≥ 2 [29-32]. Ho et al. [3] showed that patients receiving salvage
external beam radiation therapy (EBRT) for nodal recurrences treated above their median dose (64.7 Gy) had improved LC with a trend
toward increased DFS (p = 0.099). In their study, 58% of patients
received a sequential boost alone or in combination with a SIB. In
recurrent or unresectable endometrial cancer, the Harvard group
used a median dose of 63 Gy with sequential boost and reported
3-year nodal control and DFS of 86% and 58%. In patients with
recurrent disease, 25% (3/12 patients) had nodal relapse, all within
the boost field, while in the primary adjuvant setting, 20% (1/5 pahttps://doi.org/10.3857/roj.2020.00948

Primary cervicalb)

Study

IMRT

Boost
type

Dose to GND,
Node + Para-aortic
± pelvic Dose per fraction
patients nodes (%)
(Gy)
Ariga et al. [17]
No Seq
57
0
56.0 (50.0–60.0),
2.0
Bacorro et al. [4]
0.16 SIB or Seq 108
16.7
55.3 (44–78.9)c),
- (1.8–2.18)
Choi et al. [15]
No Seq
11
0
50.4 (50.4–59.4),
1.8
No None
35
0
45 (-),
1.8
Dang et al. [25]
Yes SIB
74
46
62.5 (-),
2.5
Grigsby et al. [1]
No Seq
33
100
45 (33.9–45.0),
1.8
No Seq
132
0
- (66.8–74.1),
1.8
Hata et al. [20]
No Seq
62
0
53.1 (45.0–61.2),
1.8 (1.8–2)
Macchia et al. [47] Yes (EF) SIB
45, 2.25 (n= 13)
50, 2.5 (n= 6)
Ramlov et al. [26]
SIB+Seq
84
11
62.4 (53.0–69.0)c),
- (1.67–2)
Vargo et al. [24]
Yes (EF) SIB
61
33
55 (54.0–59.4),
2.2 (2.2-2.4)
Wakatsuki et al. [13] No None
32
50.6 (25.2–51)d),e)
No Seq
46
55.4 (45.0–60.6),
- (1.8–2)
Wujanto et al. [14] 0.167 None
31
6.5
50.63 (42.5–68.2)c),
1.8
0.167 Seq
36
19.4
58.4 (49.6–69)c),
1.8
Yoon et al. [18]
Yes Seq
48
0
63.0 (59.4–68.4),
1.8
Current studyi)
Yes SIB
42
76.2
63 (56.3–63),
2.25
Yoshizawa et al. [16] No None
32
0
50 (45–50),
2 (1.8–2)
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91.2
81.5
81.8
79.3
100
100
96.2
98.2
92
93.9
88.5d)
88.5d)
–
100
87.5

45
45
45
45–50

https://doi.org/10.3857/roj.2020.00948
50.4 (45–50.4)
40–45
45–50
45
50.6 (25.2–51)d),e)
50.6 (25.2–51)d),e)
45–50.4
45–50.4
45–54f)
50.4 (45–50.4)
50 (45–50)

28

12

36

25

26

56
55

29

-

-

33

27

-

36

44

19

34

66

Nodal
control Follow-up
(mo)
ratea) (%)

40

Elective dose

19

-

0d)

7.2d)

0

5.6d)

-

12.0d)

-

0

3.2d),h)

-

0
0

4

-

-

8.1

-

-

5.5

8.6

9.1

-

0
0

0

-

0

0

0
0

0

-

0

21.1g)
-

0

-

-

0

0

0

-

0

-

-

8.1

0

9.1

-

75 with boost

Comment

-

75 with boost

(Continued to the next page)

0d)

-

5.6d)

3.2d)

0
0

0

-

-

3.2 32 with boost

-

-

0

2.9

9.1

-

Toxicity grade ≥ 3 (%)
Acute
Late
GI
GU
GI
GU
4
-
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225

226
SIB and/
or Seq

27

39

Yes (EF) SIB ± Seq

Yes

83

SIB

Yes

46

126

22

100

28.2

73.5

100

18

59

61.7 (54–66),

61.15 (55–65)
- (2–2.2)

63 (56.3–63),
2.25

- (50.4–54),
1.8
54 (41.4–65),
2

63 (55–65),
1.8

Dose to GND,
Node + Para-aortic
± pelvic Dose per fraction
patients nodes (%)
(Gy)
38
66
64.7 (59–73),
- (1.8–2.25)

45–50

45

50.4 (45–50.4)

45

45

45 (37.8–45)

45–50

Elective dose

70

-

97.6

-

-

86

61

25

18

13

17

53

38

30

Nodal
control Follow-up
(mo)
ratea) (%)

Toxicity grade ≥ 3 (%)
Acute
Late
Comment
GI
GU
GI
GU
7.9 5.3 100;
all nodally recurrent;
n= 16 SIB, 7 Seq, 15 both
4.5
0
0
0 100;
54.5% recurrent;
22.7% definitive
- 100;
all adjuvant
6.5
6.5
- 76.1;
37% recurrent;
32 received boost
7.2
0
12
0 33.7;
32% recurrent;
14% definitive
2.5
0
0
0 43.6;
20.5% recurrent;
55 Gy w/ SIB ± Seq to
65 Gy
18.5
- 52

Niibe et al. [34]

No

None

84

100

50.8 (25–60),
50.8 (25–60)
20
0
0 89.3
- (1.7–2)
Kim et al. [38]
No Seq
12
100
60 (50.4–60),
45.6–50.4
66
19
0
0
- 100
1.2 bid
Singh et al. [39]
No None
14
100
45 (25.2–50.4),
45 (25.2–50.4)
19.7
7.1
7.1 42.9;
1.2 bid–1.8 qd
salvage RT to 11 of 14
Chou et al. [35]
No None
26
100
45 (-),
45
- 100;
1.8
RT to 15 of 26
Current studyi)
Yes SIB
15
100
63 (56.3–63),
50.4 (45–50.4) 100
14
7.2d) 0d)
12.0d) 0d) 53.3
2.25
IMRT, intensity-modulated radiation therapy; GND, gross nodal disease; GI, gastrointestinal; GU, genitourinary; Seq, sequential; SIB, simultaneous integrated boost; EF, extended field (all patients); bid,
twice daily; qd, once daily; RT, radiotherapy.
a)
Partial response or complete response without progression at last follow-up, b)excluding Macchia, all published manuscripts with >30 node positive patients, c)denoting equivalent total doses in 2 Gy
fractions (EQD2), d)all node positive patients in study, e)whole pelvic field and central shielding fields, f)includes boost doses to the parametrium, g)15.4% lowest dose and 33% highest dose, h)only reported
proctitis and cystitis, i)cohort subset.

Recurrent para-aor- Shirvani et al. [40]
tic (endometrial or
cervical)

Boyle et al. [33]

Current studyd)

Seq

Seq

SIB and/
or Seq

Boost
type

Yes (EF) Seq

No

Rajasooriyar et al.
[32]

Poorvu [49]

Yes

Yes

Endometrial or
Ho et al. [3]
mixed gynecologic
malignancies

Townamchai et al.
[28]

IMRT

Study

Table 4. Continued
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tients) had a nodal relapse outside the boost field [28]. Boyle et al.
[33] used a SIB of 55 Gy at 2.2 Gy per fraction to a heterogenous
group of gynecologic malignancies including endometrial cancer,
similar to this study, but did not report rates of nodal control. Patients treated for primary endometrial cancer definitively (n = 4)
or adjuvantly (n = 15) in our series had 100% gross nodal control.
Our results compare favorably to these series and support prospective investigations on dose escalation and sequential boost versus
SIB in endometrial cancer.

3. Para-aortic recurrence
Patients with recurrence in the para-aortic lymphatics after primary treatment present a special challenge. Patients with node positive cervical or endometrial cancer treated with RT to the pelvic
nodes, with or without extended fields, fail with isolated para-aortic nodal disease at rates of 1.7%–3% [34,35] and 6%–12%
[36,37], respectively, though trends toward more frequent follow-up and imaging could increase these rates over time. In cervical cancer for this patient population, 2-year mortality rates can be
as high as 100% and locoregional failure up to 50% after para-aortic RT [1,38,39]. As in the primary setting, trends toward improved survival with dose escalation have been reported (3-year OS
rates of 58% at ≥ 51 Gy and 42.8% at ≤ 50 Gy; p = 0.07) [34]. In
endometrial cancer, MD Anderson used SIB with or without an additional sequential boost for isolated para-aortic recurrence and
achieved 70% nodal control with a 2-year PFS and OS of 53% and
63%, respectively [40]. We found a 2-year PFS and OS of 52.5%
and 57.1% in our small subset of isolated recurrent para-aortic patients. More generally, recurrent cancers throughout our study
showed no significant difference in OS, PFS, or nodal control compared to primary cancers. These similar outcomes could be results
of equivalent benefit from dose escalation.

4. Other gynecologic malignancies
We had only three patients with ovarian and vaginal cancers,
which have limited data on nodal boost outcomes. One Japanese
study found that total doses of ≤ 50 Gy resulted in worse nodal
control for vaginal cancer [2]. In our six patients with vulvar cancer,
we achieved 100% nodal control without resection, but as with
any vulvar radiation, there was significant acute G ≥ 3 dermatologic
and late urinary toxicities. A minimum boost dose of 60–70 Gy
(type unspecified) has been recommended for GND [12,41,42].

5. Toxicity
Paramount to the discussion of improving LC is how well it is tolerated. In this study, two patients had a grade 4 or 5 toxicity. Each
was related to events well outside of the boost fields, making it
https://doi.org/10.3857/roj.2020.00948

unlikely that toxicity outcomes would have been different without
a boost. Our total acute and late G ≥ 3 toxicity rates of 12% and
16% compare favorably with past cohorts, many of which only reported GI and GU side effects. Overall, prior studies also indicate
that using a boost for gross lymphadenopathy is well tolerated.
Historically, patients treated using 3DCRT with or without a sequential boost have largely demonstrated similar toxicity profiles,
though one study which used extended-field 3DCRT found increased G ≥ 3 GI toxicity [13-17,43]. IMRT series including nodal
boost most frequently report no acute G ≥ 3 GI or GU toxicities,
though rates have been reported in small series up to 21.1% and
10%, respectively [24,25,44-48]. The highest rate of GI toxicity occurred in a dose escalation study which treated macroscopic disease (primary tumor and nodes) up to 50 Gy/2.5 Gy fractions and
elective nodes up to 45 Gy/2.25 Gy fractions [47]. Late G ≥ 3 toxicities vary widely for both GI (0%–50%) and GU (0%–10%) side effects, with even greater disparity for late grade 1–2 toxicities in
cervical and endometrial cancer (GI 0%–78.4% and GU 9.6%–
50%) [14,17,25,33,44,45,48,49].
For patients treated for isolated para-aortic recurrence, toxicity
from radiation is of increased concern, as many have already received pelvic radiotherapy. In cervical cancer patients treated with
a variety of doses and systemic therapies, reported acute G ≥ 3 GI
and late G ≥ 3 GU toxicities have ranged from 0% to 7.1% without
late G ≥ 3 GI or acute G ≥ 3 GU toxicities [34,38,39]. In endometrial
cancer, Shirvani et al. [40] used SIB with or without sequential
boost (52% had received prior pelvic RT) and found a G ≥ 3 GI toxicity rate of 18.5%.
Few correlations, and only in the acute setting, were found in
our study between SIB volume and toxicity, consistent with other
gynecologic studies [25,40]. We also found few significant correlations between G ≥ 3 toxicities and dose ≥ 63 Gy, which largely correlated anatomically with patients who received primary tumor
boosts (Syed, T&O, or vulvar EBRT). Boost dose and technique have
not previously demonstrated a significant effect on toxicity, except
in one small series [17,21]. A dosimetric analysis has shown significantly reduced dose to the rectum and small bowel using SIB over
sequential boost [50]. SIB location also proved to be largely insignificant outside of inguinal nodes, though numbers were too limited to draw any firm conclusions.
Our study is inherently weakened by its retrospective nature and
by a short median follow-up length of 12.6 months. The cohort
was also heterogeneous with regard to age, cancer type, stage,
brachytherapy and systemic therapy. Our analysis of subgroups was
limited by small sample size.
In conclusion, we report on the most consistently aggressive radiation regimen for treating grossly positive nodal disease for gy227

Garrett Lee Jensen et al.

necologic cancer. Using typical dosing of 50.4 Gy at 1.8 Gy per
fraction to elective nodes and 63 Gy at 2.25 Gy per fraction to
GND, we report high rates of LC compared to prior literature and
toxicity rates similar to studies that used lower doses or a sequential boost. Our experience shows favorable outcomes in controlling
local disease and contributes to increasing evidence for boosting
radiologically positive nodes.
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Purpose: We evaluated clinical outcomes of high-risk prostate cancer patients receiving external
beam radiotherapy (EBRT) or radical prostatectomy (RP).
Materials and Methods: Patients were classified as high-risk prostate cancer and received definitive
treatment between 2005 and 2015. Patients with previous pelvic radiotherapy, positive lymph node
or distant metastasis were excluded. The primary outcomes were prostate cancer-specific survival
(PCSS) and distant metastasis-free survival (DMFS).
Results: Of 583 patients met the inclusion criteria (77 EBRT and 506 RP), the estimated 10-year PCSS
was 97.0% in the RP and 95.9% in the EBRT (p = 0.770). No significant difference was seen in the
DMFS (p = 0.540), whereas there was a trend in favor of RP over EBRT in overall survival (OS) (p =
0.068). Propensity score matching analysis with confounding variables was done, with 183 patients
(66 EBRT and 117 RP) were included. No significant difference in DMFS, PCSS or OS was found.
Conclusion: Our data demonstrated similar oncologic PCSS, OS, and DMFS outcomes between EBRT
and RP patients.
Keywords: Radiotherapy, Prostatectomy, Prostatic neoplasms

Introduction
A landmark, randomized, controlled study comparing radical prostatectomy (RP) and external beam radiotherapy (EBRT) in low-risk
prostate cancer patients revealed similar oncologic outcomes between these two modalities [1]. Another randomized controlled trial comparing RP and watchful waiting reported a 2.9-year increase
in life expectancy in patients that underwent RP [2]. However,
these trials were based on low-risk prostate cancer and most patients had an initial prostate-specific antigen (PSA) less than 20
ng/mL and clinical T1 or T2 disease.
Meanwhile, high-risk prostate cancer patients, defined as high
initial PSA ( ≥ 20 ng/mL), Gleason score ( ≥ 8), or clinical T stage
( ≥ 3a) by the National Comprehensive Cancer Network (NCCN)
have been widely accepted as aggressive tumors compared to low

and intermediate-risk prostate cancers [3]. However, no large randomized trial has been reported on high-risk prostate diseases.
Thus, the optimal local treatment for high-risk prostate cancer is
still unknown. Several retrospective studies and meta-analysis have
been published and demonstrated better oncologic survival of patients who received RP than those who were treated with EBRT [46]. However, recent studies demonstrated similar oncologic outcomes between RP and EBRT in patients with Gleason score 9–10
disease [7,8]. Currently, most guidelines recommend RP or EBRT
with the addition of androgen deprivation therapy (ADT) as standard of care for locally advanced prostate cancer [3,9].
This study aimed to compare the prostate cancer-specific survival (PCSS), overall survival (OS), and distant metastasis-free survival
(DMFS) between high-risk prostate cancer patients treated with RP
or EBRT. Also, as very high-risk prostate cancer are closely related
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with poor prognosis [10,11], we aimed to compare oncologic outcome of RP and EBRT in very high-risk group.

Materials and Methods
The data on patients who were pathologically diagnosed with prostate cancer from 2005 to 2015 were retrospectively collected. All
patients had at least one high-risk feature according to the NCCN
guidelines (initial PSA ≥ 20 ng/mL, Gleason score ≥ 8, or clinical T
stage ≥ 3a). Before treatment, all patients had transrectal prostate
ultrasonographic biopsies and record of the number of biopsy cores
and positive cores. The patients had undergone either RP or EBRT
for definitive purposes. Patients who had pelvic radiotherapy before
the diagnosis of prostate cancer were excluded. Patients with suspicious node metastasis or distant metastasis were also excluded.
All patients had a minimum follow-up of 3 years. This study was
approved by the Health Institutional Review Board of Seoul National University Hospital (No. H-1904-128-1028).
The patients were classified into the EBRT or RP groups. Local
definitive treatment options were given to the patients in the outpatient urology clinic. Generally, relatively younger patients and
those with fewer comorbidities were offered RP. Both robotic surgery and open retropubic prostatectomy were included in the RP
group. Pelvic lymphadenectomy was done in half of the cases, at
the preference of the urologist. In the presence of high recurrence
indicators, such as positive surgical resections margins or lymph
node metastasis, adjuvant radiotherapy or ADT was offered
post-surgery. Adjuvant treatment was defined as the initiation of
treatment within 6 months after surgery with PSA < 0.2 ng/mL.
Treatment intervals longer than 6 months or PSA levels greater
than 0.2 ng/mL after surgery was considered to be salvage settings.
For definitive EBRT, most of the patients received ADT before or
concurrently with EBRT. Most of the patients received intensity-modulated radiotherapy (IMRT). Before 2015, the patients received conventional fractionated radiotherapy, with a median dose
of 81 Gy in 45 fractions. After the publication of randomized controlled trials of hypofractionation [12,13], 70 Gy in 28 fractions
were commonly used. Clinical target volume (CTV) was usually
confined to the prostate and seminal vesicles, often excluding pelvic lymph nodes. Planning target volume included CTV plus 5 mm
to cover uncertainties during radiotherapy. Prostate brachytherapy
was not performed in our institution.
Follow-up was usually done every 3 months until 2 years, then
every 6 months until 5 years and annually thereafter. PSA was acquired at every follow-up. In the case of biochemical failure, pelvic
magnetic resonance imaging and bone scans were done to check
locoregional recurrence or bone metastasis. RP patients with bio232

chemical failure were offered salvage ADT alone or salvage ADT
followed by radiotherapy, whereas the EBRT patients received ADT
alone. Salvage EBRT was given in a median dose of 70.2 Gy in 39
fractions to the prostate fossa. Pelvic lymph node irradiation was
not routinely performed. If there was a failure after salvage treatment, chemotherapy or second-line ADT was offered until disease
progression.
Biochemical failure has multiple definitions and they have
changed during the treatment era. Also, different definitions of
biochemical failure in RP and EBRT make it difficult to directly
compare the outcomes of RP and EBRT. Thus, in this study, the endpoints were focused on PCSS, OS, and DMFS. The base of follow-up
defined as the day of RP or the first day of EBRT or ADT. Survival
length was calculated as the period from the start of follow-up to
the event date. Prostate-specific death was classified by the main
investigators as death after evident signs of distant metastasis or
non-metastatic castration-resistant prostate cancer.
To compare the patient characteristics between the RP and EBRT
groups, chi-squared analysis was used for categorical data, but for a
small sample size, Fisher exact test was done. For comparison of
survival data, the method by Kaplan-Meier and the Mantel-Cox logrank test were used. Multivariate analysis was done based on Cox
proportional hazards regression model for DMFS and OS. For PCSS,
Fine and Gray proportional hazard regression model [14] was used
assuming non prostate-specific death as competitive factor. Factors
which had p-value less than 0.1 in univariate analysis were chosen
for multivariate analysis. Factors with p-values less than 0.05 were
defined as statistically significant. To reduce selection bias caused
by confounding factors, propensity score matching was used. Propensity scores were calculated by a logistic regression model using
factors with a significant effect on OS or PCSS. The nearest neighbor matching algorithm was used to select best control matches of
1:2 ratio with a caliper size of 0.25. MatchIt package in R was used
for propensity score matching analysis [15]. All the analyses were
performed using R 3.5.2 (http://www.r-project.org/).

Results
A total of 583 patients were analyzed. Seventy-seven patients received EBRT and 506 received RP. The baseline characteristics are
described in Table 1. Patients with EBRT were significantly older, had
higher initial PSA levels, and higher rates of core biopsies ≥5 with
Gleason scores of 8–10. The median dose of EBRT was 81 Gy given
in 45 fractions. Three patients had relatively lower doses of 70.2 Gy
in 39 fractions, whereas others received 75 Gy or more. All except
three had IMRT. Sixty-seven patients (87.0%) had ADT before or
concurrently with EBRT. The median length of ADT was 25.0 months
https://doi.org/10.3857/roj.2021.00486
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Table 1. Patient characteristics of all patients and matched cohorts
Variable
Age at diagnosis (yr)
Gleason score (sum)
6–8
9–10
Initial PSA (ng/mL)
Clinical stage
T1–T3a
T3b–T4
Core biopsy ≥ 5 with Gleason score 8–10
No
Yes
Year of treatment
2005–2009
2010–2015
Charlson Comorbidity Index
0
>0

EBRT (n = 77)
73.1 ± 7.6

All patients
RP (n = 506)
66.9 ± 7.0

61 (79.2)
16 (20.8)
40.3 ± 50.3

428 (84.6)
78 (15.4)
18.9 ± 18.5

50 (64.9)
27 (35.1)

379 (74.9)
127 (25.1)

p-value
< 0.001*
0.305

< 0.001*
0.087

EBRT (n = 66)
72.0 ± 7.4

Matched cohorts
RP (n = 117)
71.9 ± 6.0

52 (78.8)
14 (21.2)
33.7 ± 35.8

95 (81.2)
22 (18.8)
27.4 ± 25.4

46 (69.7)
20 (30.3)

84 (71.8)
33 (28.2)

0.001*
54 (70.1)
23 (29.9)

435 (86.0)
71 (14.0)

22 (28.6)
55 (71.4)

164 (32.4)
342 (67.6)

41 (53.2)
36 (46.8)

331 (65.4)
175 (34.6)

p-value
0.888
0.841

0.210
0.896

0.999
47 (71.2)
19 (28.8)

84 (71.8)
33 (28.2)

18 (27.3)
48 (72.7)

38 (32.5)
79 (67.5)

37 (56.1)
29 (43.9)

37 (56.1)
29 (43.9)

0.588

0.571

0.052

0.733

Values are presented as mean ± standard deviation or number of patients (%).
EBRT, external beam radiotherapy; RP, radical prostatectomy; PSA, prostate-specific antigen.
*p < 0.05.

(range, 4.2 to 48.5 months). Surgery was usually done by an open
technique (61.1%). Adverse pathologic features were found in many
patients after surgery; 20.1% of the patients had positive pelvic
lymph nodes, even though no signs of lymph node metastasis were
seen in preoperative imaging. Also, about half of the patients had
positive surgical resection margins and 78.9% had at least one finding, such as perineural invasion, lymphatic invasion or venous invasion. After surgery, adjuvant treatment was given to 16.2% of the
patients, most of whom received ADT alone. Table 2 summarizes the
treatment profiles and pathologic features in each arm.
After a median follow-up 6.25 years (range, 3.2 to 14.0 years),
38 patients were diagnosed with distant metastasis; five in the
EBRT group (6.5%) and 33 in the RP group (6.5%). Of them, 30 patients had bone metastasis as the first site of distant metastasis, 6
as distant lymph node metastasis, 1 lung and 1 brain metastasis.
The median time to distant metastasis was 4.18 years (range, 0.1
to 11.1 years). The estimated 5-year and 10-year DMFS were 98.7%
and 93.7% in the EBRT and 95.7% and 90.4% in the RP group, respectively. Fig. 1A shows the Kaplan-Meier curve of DMFS in each
arm (p = 0.540). In univariate analysis, Gleason score ≥ 9, clinical T
stage ≥ 3b, and core biopsy ≥ 5 with Gleason score 8–10 were associated with significantly worse prognoses.
There were 65 deaths in the total cohort, with 16 prostate-specific deaths. Fourteen of the patients (18.1%) who received EBRT
died, three (3.9%) due to prostate cancer. In the RP arm, 51 pahttps://doi.org/10.3857/roj.2021.00486

tients (9.8%) died, 13 (2.5%) from prostate cancer-related causes.
The estimated 5-year and 10-year OS were 94.6% and 77.0% in
the EBRT arm and 97.7% and 85.8% in the RP arm, respectively.
Although there was a trend toward an increase in any cause of
death by EBRT (p = 0.071), this difference was insignificant in multivariate analysis (p = 0.785). No significant difference in PCSS
was found between the two arms (5-year and 10-year PCSS, 98.7%
and 96.0% in the EBRT group; 99.2% and 97% in the RP group, respectively). Fig. 1B and 1C shows the survival curves for OS and
PCSS in the EBRT and RP patients. In variables related to overall
survival, higher age, advanced clinical T stage, higher Charlson Comorbidity Index, and treatment modality were significantly associated with poor survival. After multivariate analysis, older age (p =
0.001) and advanced T stage (p = 0.008) were selected as significant variables for overall survival. For PCSS, Gleason score ≥ 9,
clinical T stage ≥ 3b, and core biopsy ≥ 5 with Gleason score 8–10
were associated with poor prognoses in univariate analysis. Gleason score and clinical T stage were still identified as prognostic
factors for PCSS after multivariate analysis. Table 3 shows the multivariate analysis results for DMFS, OS, and PCSS.
Clinical T stage ≥ 3b, Gleason score ≥ 9, and core biopsy ≥ 5 with
Gleason score 8–10 were very closely associated with poor prognoses for DMFS or PCSS. These variables are also known as risk factors for very high-risk (VHR) prostate cancer in the NCCN guidelines. Not only was there a significant difference between VHR
233
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Table 2. Treatment and pathologic details of patients with EBRT and
RP
EBRT (n = 77)

RP (n = 506)

ADT
Use of ADT
67 (87.0)
Duration (m)
25.0 (4.2–48.5)
EBRT profile
EBRT dose (Gy)
81.0 (70.0–81.0)
EBRT fraction
45 (28–45)
EBRT technique
  3D-CRT
3 (3.9)
  IMRT
34 (44.2)
  VMAT
40 (51.9)
EBRT field
  Prostate only
73 (94.8)
   Prostate + pelvic lymph node
4 (5.2)
Surgery technique
Open
309 (61.1)
Robotic/laparoscopic
197 (38.9)
Pelvic node dissection
Yes
313 (61.9)
No
193 (38.1)
Pathologic adverse feature
T3b/T4
150 (29.6)
Positive lymph nodesa)
63 (20.1)a)
Positive resection margin
274 (54.2)
Positive PNI/LVI
399 (78.9)
Adjuvant treatment
Total
82 (16.2)
EBRT alone
15 (3.0)
EBRT + ADT
16 (3.2)
ADT alone
51 (10.1)
Salvage treatment
Total
14 (18.2)
286 (56.5)
EBRT alone
0
18 (3.6)
EBRT + ADT
0
99 (19.6)
ADT alone
13 (16.9)
155 (30.6)
Chemotherapy
1 (1.3)
0
Observation
0
14 (2.8)
Values are presented as number of patients (%).
EBRT, external beam radiotherapy; RP, radical prostatectomy; ADT, androgen deprivation therapy; 3D-CRT, three-dimensional conformal radiotherapy IMRT, intensity-modulated radiotherapy; VMAT, volumetric
arc therapy; PNI, perineural invasion; LVI, lymphovascular invasion.
a)
Positive lymph nodes were calculated in patients who received pelvic
node dissection.

prostate cancer and non-VHR prostate cancer (p < 0.001), patients
with multiple VHR features had poorer PCSS compared to patients
with one VHR feature or non-VHR. Fig. 2 shows the survival difference between patients with VHR features and non-VHR. No significant difference in DMFS or PCSS between the treatment modali234

ties was seen in the VHR prostate cancer patients.
Clinical variables that had a clinical impact on DMFS, OS, and
PCSS were selected for propensity score matching. As a result, age
( ≥ 70 years), Gleason score ( ≥ 9), clinical T stage ( ≥ 3b), and core
biopsy ≥ 5 with Gleason score 8–10, and Charlson Comorbidity Index were included in the model. After matching, a total of 183 patients were selected, with 66 in EBRT and 117 in RP arm. There
were no statistical differences in age at diagnosis, Gleason score,
initial PSA level, clinical T stage, core biopsy ≥ 5 with Gleason score
8–10, year of treatment or Charlson Comorbidity Index. Table 1
shows the clinical characteristics of the matched cohorts. No significant differences in DMFS, OS, and PCSS were found between
the EBRT and RP arms in the matched cohort (Fig. 3).
Salvage treatment was offered to 300 patients (50.5%), with
more in the RP arms (n = 286; 56.5%) than in the EBRT arm (n =
14; 18.2%; p < 0.001). Most patients in the RP arm received salvage EBRT combined with ADT or ADT alone, whereas most patients
in the EBRT arm received salvage ADT alone. Salvage treatment
was more often required in patients with Gleason scores ≥ 9 (p =
0.013), clinical T stage ≥ 3b (p = 0.079), core biopsy ≥ 5 with Gleason score 8–10 (p < 0.001), and RP (p < 0.001). After multivariate
analysis of those four factors, core biopsy ≥ 5 with Gleason score
8–10 and RP were associated with shorter salvage treatment-free
survival (Table 4). After propensity matching, 72 patients (61.5%) in
RP arm received salvage treatment—41 received ADT alone, 28 RT
+ ADT, and 3 RT alone. While 13 patients (19.7%) in RT arm received salvage treatment—11 with ADT alone, 1 ADT with salvage
operation for para-aortic lymph node, and 1 chemotherapy.
We found 21 grade 2 toxicities, 16 (3.2%) in RP group and 5
(6.5%) in EBRT group. Mainly, there were hematuria or hematochezia in EBRT patients, while there were more cases of erectile dysfunction in RP arm. No life-threatening toxicities were reported.

Discussion and Conclusion
Our study demonstrated similar oncologic PCSS and DMFS outcomes between the EBRT and RP arms. In unmatched cohorts,
there was a significant difference in OS. However, because there
was a tendency for patients with older age, higher initial PSA levels, higher clinical T stages, and more comorbidities to receive EBRT,
it is reasonable that the difference in OS was due to these confounding factors, not the treatment modality. This hypothesis is
supported by the fact that no OS difference was found between
two arms after propensity score matching.
Several studies on local treatment modalities in high-risk prostate cancer have been conducted. In 2014, Petrelli et al. [5] reported a meta-analysis of 17 studies and concluded that surgery was
https://doi.org/10.3857/roj.2021.00486
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Fig. 1. Kaplan-Meier survival curves of (A) distant metastasis-free survival, (B) overall survival, and (C) prostate cancer-specific survival for patients with radical prostatectomy (RP) and external beam radiotherapy (EBRT).
Table 3. Univariate and multivariate analysis of factors for distant metastasis, death from any cause, and death from prostate cancer
Distant metastasis
Univariate
Multivariate
HR p-value HR p-value
1.19 0.617
5.24 < 0.001* 2.39 0.04*
1.12 0.748
2.60 0.006* 1.86 0.08
5.96 < 0.001* 3.38 0.00*

Age at diagnosis ( > 70 vs. ≤ 70 yr)
Gleason score (sum 9–10 vs. 6–8)
Initial PSA (> 20 vs. ≤ 20 ng/mL)
Clinical stage (cT3b–4 vs. cT1–3a)
Core biopsy ≥ 5 with Gleason score 8–10
(yes vs. no)
Year of treatment (2010–2015 vs. 2005–2009) 0.53
Charlson Comorbidity Index (> 0 vs. 0)
0.88
Treatment modality (RP vs. EBRT)
1.44

0.108
0.733
0.541

-

-

Death from any cause
Univariate
Multivariate
HR p-value HR p-value
2.69 < 0.001* 2.44 0.001*
1.50 0.180
1.04 0.895
2.05 0.005* 1.98 0.008*
1.66 0.104
-

Death from prostate cancer
Univariate
Multivariate
HR p-value HR p-value
2.04 0.188
6.66 < 0.001* 4.26 0.01*
0.65 0.460
9.32 0.001* 7.25 < 0.01*
4.56 0.005* 1.55 0.43

0.74
1.83
0.55

0.41
1.46
0.79

0.325
0.018* 1.62
0.071 0.91

0.060
0.785

0.230
0.484
0.766

-

-

HR, hazard ratio; PSA, prostate-specific antigen; RP, radical prostatectomy; EBRT, external beam radiotherapy.
*p < 0.05.

associated with better PCSS and OS. Also, multiple retrospective
studies have favored RP over EBRT [4,6,16]. However, it should be
noted that these studies were based on patients in the 20th century and the early 2000s. In EBRT, the introduction of IMRT has presented the possibility of dose escalation for prostate cancer, while
reducing doses to the bladder and rectum [17-19]. Along with
IMRT, the combined use of ADT with EBRT has become standard
treatment for advanced prostate cancer [20,21]. Due to these technical improvements and new treatment strategies, treatment outcomes have improved over time. Robinson et al. [22] demonstrated
that treatment outcomes have improved by year of treatment, especially in the EBRT arm. They also reported smaller treatment difhttps://doi.org/10.3857/roj.2021.00486

ferences in the EBRT and RP arms in patients who were treated after 2008. Recent studies have also shown similar trends [7,8,22].
Kishan et al. [7] reported that EBRT combined with brachytherapy
was associated with better survival outcomes compared to EBRT
alone or RP, whereas similar survival data were shown between
EBRT alone and RP. Based on recent data and the results from this
study, EBRT and RP seemed to have similar effects on controlling
high-risk prostate cancer in the current era.
Biochemical failure was not reported in this paper due to different definitions of the two modalities. However, the percentage of
salvage treatment was much higher in the RP arm compared to the
EBRT arm. The high rate of salvage treatment in the RP group
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Fig. 2. Kaplan-Meier survival curves of (A) prostate cancer-specific survival (PCSS) for patients according to number of very high-risk features
and (B) PCSS for external beam radiotherapy (EBRT) and radical prostatectomy (RP) in very high-risk prostate cancer.
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Fig. 3. Kaplan-Meier survival curves of (A) distant metastasis-free survival, (B) overall survival, and (C) prostate cancer-specific survival for patients with radical prostatectomy (RP) and external beam radiotherapy (EBRT) after propensity score matching.

might be attributable to several factors. First, positive surgical resection margins were reported in 54.2% of the patients and positive surgical resection margins are closely associated with higher
progression and survival rates [23,24]. Advanced clinical T stage
and the high rate (78.9%) of positive perineural invasion or lymphovascular invasion would have made complete surgical removal
even harder. Second, salvage EBRT could be effectively given after
236

RP, whereas salvage RP is not commonly performed after an initial
EBRT. Our study also showed that no salvage surgery was performed on patients in the EBRT arm, whereas 40.9% (117/286) of
the patients received EBRT alone or EBRT combined with ADT as
salvage treatment in the RP arm. Third, the definition of adjuvant
treatment was strictly applied in this study. Since adjuvant treatment was defined as both low PSA levels ( < 0.2 ng/mL for RP) and
https://doi.org/10.3857/roj.2021.00486
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Table 4. Multivariate analysis of factors for salvage treatment event

Age at diagnosis ( > 70 vs. ≤ 70 yr)
Gleason score (sum 9–10 vs. 6–8)
Initial PSA (> 20 vs. ≤ 20 ng/mL)
Clinical stage (cT3b–4 vs. cT1–3a)
Core biopsy ≥ 5 with Gleason score 8–10 (yes vs. no)
Year of treatment (2010–2015 vs. 2005–2009)
Charlson Comorbidity Index (> 0 vs. 0)
Treatment modality (RP vs. EBRT)

Salvage treatment event
HR (95% CI)
1.04 (0.73–1.47)
1.29 (1.00–1.66)
2.16 (1.54–3.03)
4.95 (2.87–8.53)

p-value
0.841
0.052
< 0.001
< 0.001

HR, hazard ratio; CI, confidence interval; PSA, prostate specific antigen; RP, radical prostatectomy; EBRT, external beam radiotherapy.

treatment intervals of less than six months after treatment, patients who received treatment after increased postoperative PSA
levels were classified as receiving salvage treatment. Despite these
factors, salvage treatments were given more often to patients in
the RP arm, even after propensity score matching.
It is well known that VHR prostate cancer patients have more
aggressive features compared to non-VHR prostate cancer patients
[10,11]. Our study also demonstrated both worse PCSS and DMFS
in VHR prostate cancer patients. Notably, no survival difference
was seen between the RP and EBRT arms. However, relatively poorer prognosis compared to high-risk prostate cancer without VHR
features might lead to intensive treatment. A randomized controlled trial adding brachytherapy to EBRT plus ADT demonstrated
improved biochemical progression-free survival in high-risk prostate cancer patients [25]. Consistent with that study, this study
suggested that adding brachytherapy and ADT to EBRT might be an
optimal approach to treating VHR prostate cancer. However, clinical trials are needed to confirm the results.
One limitation of this study was its retrospective design. Although we used propensity score matching to reduce selection
bias, we acknowledge that there may have been other factors that
were not adjusted for that may have affected the survival rates.
Also, toxicity profiles were not collected because half of the patients did not complete questionnaires on patient-reported outcomes. Without these data, proper comparison could not be made.
However, previous multiple, randomized controlled studies have
shown distinctly different patterns in the quality of life of patients
who received EBRT or RP, which can also apply to our study [26,27].
A strength of our study is that it was a large single-institution
study of treatments with modern techniques, mainly EBRT combined with ADT and IMRT. Also, this study was based on a single
race, which is known to be a cofounding factor for prostate cancer.
Hopefully, SPCG-15, a randomized trial investigating the clinical
effectiveness of RP and EBRT plus ADT that is currently underway,
https://doi.org/10.3857/roj.2021.00486

will provide answers to this long-debated question [28].
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Purpose: Image-guided radiotherapy (IGRT) is central to the safe and effective delivery of ultrahypofractionated (UF) stereotactic body radiotherapy (SBRT) for localized prostate cancer. We aim to study
the safety of performing UF-SBRT using cone-beam computed tomography (CBCT) and real-time
transperineal ultrasound (TPUS) monitoring.
Materials and Methods: We retrospectively review the medical records of 26 patients who had received UF-SBRT for intermediate risk localized prostate cancer in our institution. All patients were
treated with SBRT 35–40 Gy to the clinical target volume in 5 fractions over 2–5 weeks. CBCT was
used to correct for interfraction displacement while intrafraction displacement of the prostate gland
was monitored using TPUS. The primary endpoints were incidence of acute toxicities and patient reported urinary toxicities in terms of the International Prostate Symptom Score: before (IPSS1), at the
completion of (IPSS2), and at 3–6 months (IPSS3) after SBRT.
Results: All men were followed up for at least 3 months after SBRT. Patients experienced transient
worsening of their urinary symptoms at the end of SBRT but they usually recovered in 3–6 months
afterwards. The median IPSS1, IPSS2, and IPSS3 were 12, 12.5, and 8, respectively. One patient developed grade 3 rectal bleeding which was related to underlying hemorrhoid. No other grade 3–4 acute
toxicity was observed.
Conclusion: It appears safe to deliver UF-SBRT without fiducial marker for prostate cancer patients
using CBCT and non-invasive hybrid imaging modalities for positioning and tracking. Longer follow-up is necessary to monitor the treatment efficacy and long-term toxicities.
Keywords: Prostate cancer, Radiation, Stereotactic, Toxicities

Introduction
External radiotherapy with conventional dose-fractionation (2 Gy
per fraction) is a standard definitive treatment for men with localized prostate cancer. However, the radiobiology of prostate cancer
is characterized by its higher sensitivity to hypofractionation (daily
delivery with fraction sizes more than 2 Gy) with low alpha/beta

value being reported irregardless of the risk groups and the use of
androgen deprivation. The American Society for Radiation Oncology (ASTRO) convened a task force and a strong consensus was
reached for offering moderate hypofractionation across risk groups
to prostate cancer patients choosing external beam radiation therapy [1]. Ultrahypofractionated (UF) radiation ( > 5 Gy per fraction)
may also be offered for low- and intermediate-risk prostate cancer.

© 2021 The Korean Society for Radiation Oncology
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With any hypofractionated regimen, the task force strongly recommends image-guided radiation therapy (IGRT) and avoidance of
non-modulated three-dimensional conformal techniques.
Stereotactic body radiotherapy (SBRT) is a novel radiotherapy
technique which involves more precise planning and treatment delivery especially when UF radiation is being used. IGRT is central to
the safe and effective delivery of UF-SBRT for localized prostate
cancer, since undue radiation injury to the adjacent organs such as
rectum and bladder will cause much detriment in patients’ quality
of life. An ESTRO (European Society for Radiotherapy and Oncology) panel has reached some consensus in the recommended IGRT
solutions but the committee encourages further improvements to
clinical practice by individual center [2]. The optimal IGRT solution
remains uncertain as most SBRT studies on prostate cancer are
non-randomized and some may have follow-up time that are still
too short to reflect the tumor control rate and late toxicities. Nevertheless, it is prudent for researchers to monitor the acute toxicities with such novel techniques.
Most of the UF-SBRT studies for prostate cancer utilized gold
seed or Calypso for positioning and tracking. However, such method requires invasive surgical procedures and may potentially be associated with markers’ migration. The introduction of cone-beam
computed tomography (CBCT) and real-time three-dimensional
(3D) transperineal ultrasound (TPUS) Clarity system (Elekta, Stockholm, Sweden) to our institution offer a non-invasive approach for
our prostate cancer patients and its efficiency and accuracy were
extensively validated by many groups. Since October 2018, consecutive patients with intermediate risk localized prostate cancer were
treated with UF-SBRT in our centre and the acute toxicities of the
first 26 patients are reported in this study.

Materials and Methods
1. Patient selection
Patients with biopsy proven adenocarcinoma of prostate with staging magnetic resonance imaging (MRI) performed were referred to
the combined uro-oncology clinic and selected for UF-SBRT if they
fulfilled all the following criteria: (1) biopsy proven adenocarcinoma
of the prostate with the International Society of Urological Pathology (ISUP) grade 3 or less; (2) prostate-specific antigen (PSA) 10–20
ng/mL; (3) ≤ T2c on staging MRI; (4) prostate gland volume 90 mL
or less. Informed consent were obtained from the patients. Approval
was obtained from the ethics committee of the New Territories
West Cluster, Hong Kong Hospital Authority (No. NTWC/REC/20113).

2. Simulation, planning and treatment
Patients were given laxatives and asked to empty their rectum us240

ing Dulcolax or fleet enema before they were simulated and treated in a supine position with full bladder. Dietary advice with preparatory guidelines was issued to patient on the date of consent/
moulding (Supplement A). The patients were immobilized in a customized A-cradle embedded in an in-house designed total body
frame (Fig. 1A) with knee rest. TPUS was applied to the patients
under lithotomy position (Fig. 1B). A bladder protocol was followed,
involving voiding of urine followed by intake of 500 mL water and
simulation or treatment after 30–45 minutes. No rectal balloon or
spacer was used. In some patients who have calcifications inside
their prostate glands which could be visualized on TPUS, these
were served as additional markers for treatment position verification. Implanted fiducials were not used.
A planning CT scan with 3 mm slice thickness was performed for
each patient and the clinical target volume (CTV) was contoured to
include the tumor and entire prostate gland. Part of the seminal
vesicles might also be included in the CTV at the discretion of the
oncologist. A planning target volume (PTV) was generated with 4
mm margin around the CTV isotropically. Targets and organs-atrisk including rectum, bladder, bilateral femoral heads and penile
bulb were delineated on the planning CT scan images using Monaco Sim (Elekta) with pre-treatment T2-weighted magnetic resonance images as reference (Fig. 1C).
A 3D ultrasound image acquired by the TPUS at the time of CT
scan was registered with the planning CT with the same
frame-of-reference. Position reference volume which could be the
prostate or calcification was contoured in Clarity workstation for
real-time intrafractional monitoring and finally approved by the
oncologist (Fig. 1D).
All SBRT were planned using volumetric modulated arc therapy
(VMAT) using RayStation (version 8B; Raysearch Medical Laboratories AB, Stockholm, Sweden). The prescribed dose was 35–40 Gy to
CTV in 5 fractions, once or twice per week. The dose constraints
used and criteria for major and minor deviations were shown in
Table 1. The default treatment unit was an Elekta XVI Synergy S
model with Agility 5 mm multileaf collimator, 6-MV photon beam
(dose rate, 1,400 MU/min) with flattening-filter-free (FFF) modification. The treatment was being delivered with either a single full
Arc (360° with 91 segments, delivery time around 85 seconds, approximately 1,600 MU) or a pair of partial Arc (160 > 200 then
200 > 160 with 162 segments: delivery time around 130 seconds,
approximately 2,100 MU) depending on the complexity.
Image guidance was carried out at each fraction with kilovoltage
(kV) CBCT on a HexaPod couch which is capable of 6D correction.
The treating radiographers were trained to identify the prostate,
rectum, and bladder on volumetric images. The same clinical oncologist who contoured the targets on planning CT was present to
https://doi.org/10.3857/roj.2020.00969

SBRT for prostate cancer with CBCT and TPUS

A

B

C

D

Fig. 1. (A) Total body frame. (B) Transperineal ultrasound probe. (C) Planning and cone-beam computed tomography co-registration with prostatic calcification as “fiducial marker.” (D) Real-time intrafractional monitoring by transperineal ultrasound.

make the final decision on the imaging review before the delivery
of each fraction. If the presence of rectal distension on the
pre-treatment CBCT led to a suboptimal match, the treatment was
not delivered and the patient was taken off the couch and asked to
pass gas/stool. Following this the image guidance was repeated
before treatment delivery.
While treatment was being delivered, a medical physicist was
present to track the real-time prostate movement using the TPUS
with 4 mm isotropic warning level. Radiation is halted if persistent
prostatic displacement ( > 5 seconds) is exceeding the warning level. Following treatment delivery, another CBCT scan was carried out
to document the intrafractional anatomic change. Image guidance
was always focused on the prostate, with rotational deviation less
than 0.5° and translational shift less than 2 mm on CBCT image.
Minor adjustment was allowed due to rectal and bladder fillings.
In accordance with the National Comprehensive Cancer Network
guideline for androgen deprivation therapy (ADT) for patients with
intermediate risk localized prostate cancer, all patients also received neoadjuvant ADT with Luteinizing hormone-releasing horhttps://doi.org/10.3857/roj.2020.00969

mone agonist/antagonist for 3 months and concurrent/adjuvant
ADT for a total of 6 months.

3. Patient follow-up and evaluation
All patients were evaluated by a clinical oncologist throughout the
treatment course including at baseline visit, during neoadjuvant
ADT, before SBRT, at the end of and 3 months after SBRT. Serial
PSA measurements were taken at each visit. Patient reported outcomes were captured by asking patients to report their urinary
symptoms using the IPSS. Besides, we also reviewed the subjects’
electronic patient record which included the consultation notes
composed by their family physicians and other specialists. All adverse events during and within 90 days of the completion of SBRT
were recorded and graded according to the Common Terminology
Criteria for Adverse Event (CTCAE) v5.0.

4. Statistical analysis
The primary objective of this study is a descriptive analysis of the
acute toxicities experienced by patients during and within 90 days
241
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Table 1. Dose constraints
Dose constraints

OAR

35 Gy in 5 fx

CTV
PTV

V35Gy ≥ 99%
V33.25Gy ≥ 99%

Rectum

V36.75Gy < 5%
V38.5Gy < 1%
V18.1Gy < 40%
V28Gy ≤ 15% (ideally < 12%)
V35Gy < 1 mL

Bladder

Femurs
Small and large bowels

Penile bulb

40 Gy in 5 fx
V40Gy ≥ 99%
V36.25Gy > 99%
(accept > 95% provide V33.25Gy > 99%)
V42Gy < 5%
V44Gy < 1%
V18.1Gy < 40%
V28Gy ≤ 15% (ideally < 12%)
V38Gy < 1 mL
V35Gy < 2 mL (up to < 4 mL)
Dmax < 40.6 Gy
V18.1Gy < 40%
V28Gy ≤ 15%
V38Gy < 6 mL
V39.5Gy < 2 mL
V17.5Gy < 5%
V30Gy < 2 mL
V25Gy < 5 mL
V30Gy < 2 mL
Dmax < 38 Gya)
(up to Dmax < 40 Gy large bowel only)
V35Gy < 4%
V20Gy < 40%

Dmax = 37.5 Gy
V18.1Gy < 40%
V28Gy ≤ 15%
V35Gy < 5%
Dmax = 37.5 Gy
V17.5Gy < 15%
V30Gy < 10 mLa)
V25Gy < 5 mL
V30Gy < 2 mL
Dmax = 38 Gy
V35Gy < 4%
V20Gy < 40%

OAR, organ-at-risk; CTV, clinical target volume; PTV, planning target volume.
For the 35 Gy prescription dose, conformity index (CI) =
For the 40 Gy prescription dose, conformity index (CI) =

3325 cGy isodose volume
PTV volume
3625 cGy isodose volume
PTV volume

.
.

a)

Critical OAR doses should be met at the expense of target coverage.

of completion of SBRT. The IPSS before, during and 3-month after
SBRT were compared using analysis of variance (ANOVA) method.
All statistical analyses were based on a snapshot of data taken on
March 31, 2021 and conducted with IBM SPSS Statistics for Windows, version 24.0 (IBM Corp, Armonk, NY, USA). p-value less than
0.05 was considered statistically significant.

4 and he was considered to have intermediate-risk prostate cancer.
The first 11 consecutive patients received 35 to CTV in 5 weekly
fractions. The subsequent patients were treated to 40 Gy in 5 fractions delivered over 2 weeks except for one patient whose prostate
had a size of 88 mL and he received 35 Gy to the CTV because we
wanted to keep the bladder tolerance as the higher priority.

Results

2. Acute urinary toxicities

1. Patients and treatment delivery
Twenty-six men were treated with UF-SBRT from October 30, 2018
to December 31, 2020. Their median age was 68.5 years (range, 62
to 76 years). Table 2 illustrated their tumor characteristics. There
was one patient whose presenting PSA was 71.9 μg/L. He had a
prostate-specific membrane antigen positron emission tomography
(PSMA-PET) scan done which showed benign prostatic hypertrophy
and tumor at transitional zone (T2cN0M0) with Gleason score 3 +
242

As of March 15, 2021, all patients had completed UF-SBRT for at
least 3 months. The median follow-up is 8.6 months (range, 3 to
28 months). Twenty-five had their IPSS recorded before (IPSS1),
at the end of (IPSS2), and 3–6 months after (IPSS3) after UFSBRT. One patient had his baseline IPSS1 missing and was excluded from the analysis. The median IPSS1, IPSS2, and IPSS3
were 12, 12.5, and 8, respectively (Fig. 2). Using ANOVA, there
was a statistically significant difference between the mean IPSS1
to IPSS3 and post-hoc multiple comparison showed the mean
https://doi.org/10.3857/roj.2020.00969
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Table 2. Patient and tumor characteristics
Patients#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Age (yr)
70
65
76
74
66
74
60
68
71
61
73
68
78
70
62
69
67
68
75
66
76
69
76
71
77
72

T-stage
2c
2a
2c
1c
1c
2c
2c
2c
2c
2c
2c
2a
2b
2c
2b
2c
2a
2a
3a
2b
2c
2c
2c
2c
2c
1c

PSA (μg/L)
10.60
13.30
11.80
19.30
6.40
18.10
7.10
13.10
71.90
8.95
17.80
11.80
10.87
17.10
19.10
14.80
7.06
7.20
18.70
11.10
19.10
18.90
18.50
8.02
20.00
12.00

30
Gleason score
4+3
3+3
3+3
3+3
3+4
3+3
4+3
3+4
3+4
4+3
4+3
3+4
3+4
3+3
3+4
4+3
4+3
4+3
4+3
4+3
3+4
3+3
3+3
4+3
3+3
4+3

PSA, prostate-specific antigen.

IPSS2 was significantly higher than the IPSS3, respectively (p =
0.04) but no statistical significant difference was found between
mean IPSS1 and IPSS3. This implied that patients generally had
their urinary symptoms worsened at the end of UF-SBRT but they
could recover at 3–6 months after treatment completion. Two
patients noted mild hematuria which subsided spontaneously.
Another patient had experienced grade 3 hematuria and he had
flexible cystoscopy performed which revealed the hematuria was
due to bladder stones only.

3. Non-urinary acute toxicities
One patient who was treated to 35 Gy in 5 fractions complained of
outlet type rectal bleeding about 1 week after UF-SBRT and he had
colonoscopy performed which revealed hemorrhoid and his symptom subsided after conservative treatment. The acute toxicities
noted in other patients were of grade 1–2 only. These included
erection dysfunction in four patients, anal and scrotal radiation
dermatitis in five patients and vertigo in one patient. Three patients
complained of diarrhea/increase passage of loose stool due to the
https://doi.org/10.3857/roj.2020.00969

20

10

0

IPSS1

IPSS2

IPSS3

Fig. 2. Patient reported acute urinary toxicities using the International
Prostate Symptom Score: before (IPSS1), at the completion of (IPSS2),
and at 3–6 months (IPSS3) after stereotactic body radiotherapy.

Table 3. Number of patients with non-urinary acute toxicities according to CTCAE v5.0
Erectile dysfunction
Radiation dermatitis
over around anal and
scrotal area
Flatulence
Rectal/hemorrhoidal
bleeding
Diarrhoea/loose stool
Rectal pain/urge
Constipation
Epigastric discomfort
Vertigo

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
4
0
0
0
0
3
2
0
0
0
2
1

0
0

0
1

0
0

0
0

3
2
1
1
1

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

CTCAE, Common Terminology Criteria for Adverse Event.

use of laxative during SBRT. Two patients complained of increase
rectal urge/pain and two patients complained of increase flatulence (Table 3).

4. Treatment efficacy
The PSA of all 26 men were noted to respond to ADT and SBRT and
fall below 4 ng/mL at 3–6 months after UF-SBRT (Table 4). Thirteen
patients had their PSA become undetectable ( < 0.03 μg/L). The
treatment efficacy (excluding the patient with initial PSA 71.9 μg/L)
in terms of the PSA response is depicted in Fig. 3.

Discussion and Conclusion
In 2018, the ASTRO issued a guideline which recommended the use
of moderately hypofractionated radiation therapy for localized
prostate cancer. There was a conditional consensus for UF radiation
therapy in intermediate-risk prostate cancer. The results of two
243
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Table 4. Treatment efficacy (PSA response)
Patients#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Before any
treatment
10.60
13.30
11.80
19.30
6.40
18.10
7.10
13.10
71.90
8.95
17.80
11.80
10.87
17.10
19.10
14.80
7.06
7.20
18.70
11.10
19.10
18.90
18.50
8.02
20.00
12.00

PSA (μg/L)
After neoadjuvant
ADT/before SBRT
0.70
3.14
5.50
5.11
0.28
0.27
2.59
0.49
4.66
0.55
0.73
3.87
1.12
0.22
2.21
0.28
1.34
0.09
1.42
3.84
0.65
5.82
0.17
0.94
0.03
0.25

25
3–6 months
after SBRT
0.10
0.26
0.14
3.68
< 0.03
< 0.03
0.58
0.03
< 0.03
< 0.03
0.03
0.67
< 0.03
< 0.03
0.12
< 0.03
0.10
< 0.03
< 0.03
0.43
< 0.03
0.13
< 0.03
0.11
< 0.03
< 0.03

PSA, prostate-specific antigen; ADT, androgen deprivation therapy;
SBRT, stereotactic body radiotherapy.

randomized studies had reported early and 5-year outcomes of UFSBRT as compared to conventional fractionated radiation therapy.
While UK-PACE study [3] did not suggest UF-SBRT increase either
gastrointestinal and genitourinary acute toxicity, the Hypo-RT-PC
study [4] demonstrated similar failure-free survival and late toxicity between UF radiation therapy and conventionally fractionated
radiotherapy for intermediate- to high-risk prostate cancer. Both
these studies had advocated implantation of fiducials as an IGRT
solution. Combining implanted fiducial markers with CBCT may
help to reduce inter-observer variability compared to soft-tissue
alignment alone. However, in our centre the same clinical oncologist was present throughout the planning and treatment process
and therefore such variability could be assumed negligible.
As proposed by Grimwood et al. [5], in a prostate SBRT setting,
both Clarity and CBCT can be used. In this study, we have found
UF-SBRT without fiducial marker for prostate cancer patients using
244

20
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3 mo after RT

Fig. 3. Treatment efficacy (prostate-specific antigen response). RT,
radiation therapy.

CBCT and non-invasive hybrid imaging modalities for positioning
and tracking was safe and feasible. An online correction protocol
based on soft tissue volumetric matching on CBCT images, with
translational and rotational adjustment using 6 degree-of-freedom
couch could be an effective adaptive strategy to control for most
interfractional displacement. Besides, the Clarity TPUS Autoscan
measured intrafractional prostate motion during treatment delivery. Since our CTV to PTV margin was 4 mm, we set a gating
threshold of 4 mm for shifts > 5 seconds such that any intrafractional displacement above such threshold would have alarmed us
to withhold treatment delivery. In fact, our previous experience
with TPUS had shown the mean intrafraction prostate motions
were within 4 mm for a typical VMAT treatment duration of 3–4
minutes [6]. In this study, the intrafractional prostate motions were
usually less than 4 mm because each treatment time was about
3–4 minutes using FFF technique. However, the CTV to PTV margin
of 4 mm is still needed to correct for interfractional displacement/
deformation of the prostate.
Among our treated patients, a transient worsening of their urinary symptoms was demonstrated by the longitudinal measurement of their IPSS before, during and 3–6 months after UF-SBRT.
Most of these urinary toxicities were of low grade only. There had
been no statistical difference in the IPSS1 and IPSS3 which implied
that most patients could have recovered from the acute urinary
toxicity in 3–6 months after UF-SBRT. Apart from the two patients
who had underlying bowel and bladder pathology (hemorrhoid and
bladder stone), there was no grade 3–4 acute radiation induced
toxicities noted.
Normal tissue tolerance is also a function of the prescribed dose
and treatment duration. The Sunnybrook Hospital compared the
toxicities experienced by patients treated in three prospective trihttps://doi.org/10.3857/roj.2020.00969

SBRT for prostate cancer with CBCT and TPUS

als: (1) 35 Gy in 5 fractions over 29 days; (2) 40 Gy in 5 fractions
over 29 days; and (3) 40 Gy in 5 fractions over 11 or 29 days. The
odds of late genitourinary toxicity were higher for patients treated
with 40 Gy compared to those treated with 35 Gy and also higher
for patients treated over 11 days as compared to 29 days [7]. However dose escalated SBRT to 40 Gy in 5 fractions was associated
with lower nadir PSAs and PSA < 0.4 ng/mL was a predictor of
long-term biochemical control [8,9]. In the PACE-B study, the SBRT
PTV dose was 36.25 Gy in 5 fractions over 1–2 weeks (i.e., daily or
alternate days, at centre discretion), with additional secondary CTV
dose target of 40 Gy. We have been treating our patients with a
similar dose-fractionation regimen. In line with Brand et al. [3], the
absence of increased acute toxicity from UF-SBRT is reassuring for
us to continue treating patients with intermediate-risk prostate
cancer using this protocol.
The limitations of our retrospective study include the small patient number from a single institution and short follow-up. We did
not compare the outcomes of patients who received two dose levels (35 Gy vs. 40 Gy) because the incidence of acute toxicities had
remained low. Results regarding late toxicity and long term biochemical control have to be reported in the next 3–4 years.
In conclusion, our study demonstrated the safety of performing
UF-SBRT for prostate cancer patients without the use of implanted
fiducial markers. For patients who refuse implantation of fiducial
markers or who cannot have this procedure, IGRT using CBCT and
real-time TPUS may be an appropriate option.
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7. Journal’s policy on ethical oversight
When the Journal faces suspected cases of research and publication
misconduct such as a redundant (duplicate) publication, plagiarism,
fabricated data, changes in authorship, undisclosed conflicts of interest, an ethical problem discovered with the submitted manuscript,
a reviewer who has appropriated an author’s idea or data, complaints against editors, and other issues, the resolving process will
follow the flowchart provided by the Committee on Publication Ethics (http://publicationethics.org/resources/flowcharts). The Editorial
Board will discuss the suspected cases and reach a decision. We will
not hesitate to publish errata, corrigenda, clarifications, retractions,
and apologies when needed.

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, corrigenda, or retraction.
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보건의료전문가용

1

Following CCRT

임핀지TM는 PACIFIC 연구에서 4년 전체생존율(OS rate) 49.6%로,
장기적인 생존개선 이점을 나타냈습니다.2
UPDATED 4-YEARS OVERALL SURVIVAL IN THE ITT POPULATION
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임핀지(durvalumab) 보험 적용 적응증 3,4
PD-L1 발현 양성(발현 비율 ≧ 1%)이면서 백금 기반 동시적 항암화학
방사선요법 2주기 이상 투여 후 질병진행이 없는 안정병변 이상의
절제 불가능한 국소 진행성(stage III) 비소세포폐암 환자로 CCRT
치료 종료 이후 42일 내에 투여하는 경우

급여 인정 기간 최대 12개월

※ 이전 PD-1 inhibitor 등 면역관문억제제 치료를 받지 않은 경우에 한함

4주기 이상 또는 3주기 regimen 기준 2주기 이상 투여할 경우

CCRT 치료 종료(마지막 방사선 요법 기준) 이후 42일 이내 투여할 경우
유도화학요법과 동시적 항암화학방사선요법의 항암요법 종류가 동일할 경우
방사선 요법은 54 Gy 이상, 항암화학요법은 weekly regimen 기준

STUDY DESIGN The PACIFIC study design, eligibility criteria and assessments have been fully described previously. Eligible patients had histologically and/or cytologically documented Stage III, unresectable NSCLC, with a WHO performance score of 0 or
1. Patients had to have received at least two cycles of platinum-based chemotherapy concurrently with definitive radiation therapy without progression, and the last radiation dose was 1–42 days before randomization. Tumor tissue collection was not a
prerequisite for inclusion in PACIFIC and enrollment was notrestricted to any threshold levels for PD-L1 expression. Patients were randomized 2:1 to durvalumab 10 mg/kg intravenously or placebo every two weeks for up to 12 months or until confirmed
disease progression, initiation of alternative cancer therapy, unacceptable toxicity, or consent withdrawal. Randomization was stratified by age of the patient (<65 years vs ≥65 years), sex, and smoking history (current or former vs never smoked). The
primary end points were progression free survival (as assessed by blinded independent central review) and overall survival.
NSCLC, nonsmall-cell lung cancer; CCRT, concurrent chemoradiation therapy; OS, overall survival; ITT, intent-to-treat; HR, hazard ratio; CI, confidence interval; PD-L1, programmed cell death-ligand 1; PD-1, programmed cell death protein-1.

Reference 1. Botticella A, et al. Durvalumab for stage III non-small-cell lung cancer patients: clinical evidence and real-world experience. Ther Adv Respir Dis. 2019 Jan-Dec;13:1753466619885530; 2. Faivre-Finn C, et al. Four-year survival with
durvalumab after chemoradiotherapy in Stage III NSCLC – an update from the PACIFIC trial. J Thorac Oncol. 2021. doi: 10.1016/j.jtho.2020.12.015; 3. 건강보험심사평가원 공고 제2020-81호(시행일: 2020년 4월 1일); 4. 건강보험심사평가원. 암질환 사용약제 및
요법: FAQ - ‘Durvalumab (품명: 임핀지주)’ 급여기준(공고) 관련 질의 응답[Accessed 04 Dec 2020]. Available from: http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030023080000&brdScnBltNo=4&brdBltNo=45645&pageIndex=1
PRESCRIBING INFORMATION
[효능‧ 효과] 국소 진행성 비소세포폐암: 백금 기반 동시적 항암화학방사선요법 이후 질병이 진행되지 않은 절제불가능한 국소 진행성 비소세포폐암 환자의 치료 소세포폐암: 확장 병기 소세포폐암 환자의 1차 치료로서
에토포시드 및 카보플라틴 또는 시스플라틴과의 병용 요법 [용법‧ 용량] 이 약은 1시간에 걸쳐 정맥 점적 주입한다. 국소 진행성 비소세포폐암: 권장 용량은 이 약 10mg/kg을 2주 간격으로 투여하는 것이며, 질환이 진행
되거나 허용 불가능한 독성 발생 전까지 투여한다. 소세포폐암: 권장 용량은 이 약 1500 mg을 화학요법과 병용하여 3주 간격으로 4주기 동안 투여한 뒤, 이 약 1500 mg 단독요법을 4주 간격으로 투여하는 것이며, 질
환이 진행되거나 허용 불가능한 독성 발생 전까지 투여한다. 체중 30 kg 이하의 환자는 체중에 따라 이 약 20 mg/kg을 화학요법과 병용하여 3주 간격으로 4주기 동안 투여한 뒤, 이 약 20 mg/kg을 단독요법으로서 4
주 간격으로 체중이 30 kg을 초과할 때까지 투여한다. 이 약을 화학요법과 병용할 때에는 에토포시드 및 카보플라틴 또는 시스플라틴의 허가된 용법 용량 정보를 참조한다. 화학요법과 같은 날 투여하는 경우 이 약을 먼
저 투여한다. 용법조절: 용량 증가나 감소는 권장되지 않는다. 개인의 안전성과 내약성에 따라 투여 보류 또는 중단이 필요할 수 있다. 면역 매개 이상사례의 관리에 대한 가이드라인은 다음과 같다. 추가 모니터링 및 평
가 정보는 사용상의 주의사항을 참조한다.
[이 약의 용법‧ 조절 및 관리 권장 사항]
이상사례
면역 매개 폐렴/ 간질성 폐질환

중증도 (CTCAE v4.03a)
2등급
3 또는 4등급
2등급이고, 알라닌 아미노전이효소 (ALT) 또는 아스파르트산 아미노전이효소 (AST)가
정상상한치의 3~5배를 초과하거나 총 빌리루빈이 정상상한치의 1.5~3배를 초과

면역 매개 간염

면역 매개 대장염 또는 설사
면역 매개 내분비병: 갑상선 기능 항진증, 갑상선염
면역 매개 내분비병: 갑상선 기능 저하증:
면역 매개 내분비병:
부신 기능 부전, 뇌하수체염/뇌하수체 저하증
면역 매개 내분비병: 제1형 당뇨병
면역 매개 신장염

면역 매개 발진 또는 피부염 (유사 천포창 포함)
면역 매개 심근염
면역 매개 근육염/다발근육염
주입 관련 반응
기타 면역 매개 이상사례

3등급이고, ALT 또는 AST가 정상상한치의 5배 초과, 8배 이하 또는 총 빌리루빈이
정상상한치의 3배 초과, 5배 이하
3등급이고, ALT 또는 AST가 정상상한치의 8배를 초과 또는 총 빌리루빈이
정상상한치의 5배를 초과
다른 요인은 없으며, ALT 또는 AST가 정상상한치의 3배를 초과하고 총 빌리루빈이
정상상한치의 2배를 초과하는 경우
2등급
3 또는 4등급
2~4등급
2~4등급

용법 조절
투여 보류b
투여 중단b

투여 보류

b

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
투여 중단b
투여 보류b
투여 중단b
임상적으로 안정할 때 까지 투여 보류
변경하지 않음

2~4등급

임상적으로 안정할 때 까지 투여 보류

2~4등급

임상적으로 안정할 때 까지 투여 보류

2등급이고, 혈청 크레아티닌이 정상상한치 또는 기저치의 1.5~3배를 초과

투여 보류b

3등급이고 혈청 크레아티닌이 기저치의 3배를 초과 또는 정상상한치의 3~6배를
초과하거나, 4등급이고 혈청 크레아티닌이 정상상한치의 6배를 초과
2등급으로 1주일 초과
3등급
4등급
2등급
3 또는 4등급, 또는 양성 생검을 동반한 모든 등급
2 또는 3등급
4등급
1 또는 2등급
3 또는 4등급
3등급
4등급

코르티코스테로이드 요법 및 그 외
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
1~4 mg/kg/일의 프레드니손 또는 등가량의 투여 후 용량 감량

투여 중단b
투여 보류b
투여 중단b
투여 보류c
투여 중단
투여 보류b,d
투여 중단b
주입을 중단하거나 느리게 주입
투여 중단
투여 보류e
투여 중단

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후
용량 감량
대증적 관리
임상 지시대로 갑상선 호르몬 대체 개시
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후
용량 감량 및 임상 지시대로 호르몬 대체 개시
임상 지시대로 인슐린 치료 개시
1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후
용량 감량

이상사례 표준 용어기준 (Common Terminology Criteria for Adverse Events; CTCAE), 버전 4.03
b
악화되거나 개선이 없다면, 코르티코스테로이드의 용량 증가 및/또는 다른 전신 면역 억제제 사용을 고려한다. 1등급 이하로 개선되면, 코르티코스테로이드의 감량을 시작하여 최소 1개월 간 지속하여야 한다. 투여 보
류 후, 1등급 이하로 개선되고 코르티코스테로이드 용량이 일일 10mg 프레드니손 또는 등가량 이하로 감소되었을 경우, 12주 이내에서 이 약의 투여를 다시 시작할 수 있다. 3등급 또는 4등급(중증 또는 생명을 위협하
는) 이상사례 재발의 경우 이 약을 중단한다.
c
코르티코스테로이드 투여에도 불구하고 3~5일 이내에 개선이 없다면, 신속히 추가적인 면역억제 치료를 시작한다. 회복(0등급)되면, 코르티코스테로이드의 감량을 시작하여 하고 최소 1개월 간 지속한 후 임상적 판
단에 따라 이 약의 투여를 다시 시작할 수 있다.
d
이상사례가 30일 이내에 1등급 이하로 회복되지 않거나 호흡기 기능부전의 징후가 있는 경우에는 이 약 투여를 중단한다.
e
이상사례가 30일 이내에 1등급 이하로 회복되지 않거나 호흡기 기능부전의 징후가 있는 경우 또는 이런 징후와 함께 중증 근육 무력증에 대해 자율 신경 부전의 징후가 있는 경우 등에는 이 약 투여를 중단한다.

a

의심되는 면역 매개 이상사례에 대해, 병인 확인 또는 대체 병인을 배제하기 위한 적절한 평가가 수행되어야 한다. 기타 면역 매개 이상사례에 대해, 4등급 이상사례의 경우 이 약의 투여를 중단하여야 한다. 임상적 판단으
로 투여 중단이 필요한 경우 외에는 3등급 면역 매개 이상사례의 경우 이 약의 투여 보류를 고려하여야 한다. 전신 코르티코스테로이드 요법을 고려하여야 한다. 비-면역 매개 이상사례에 대해, 2등급과 3등급 이상사례의
경우 1등급 이하가 될 때까지 이 약의 투여를 보류한다. 4등급 이상사례의 경우 이 약 투여를 중단한다 (예외적으로 4등급 실험실 검사수치 이상의 경우, 수반된 임상 징후 및 임상적 판단에 근거하여 투여 중단을 결정한
다). 이 약은 경등도 간장애 환자에서는 용량 조절이 권장되지 않으며, 중등도 또는 중증 간장애 환자에서는 연구되지 않았다. [투여방법‧] 투여 전 이 의약품의 희석에 대한 지시 사항은 사용상의 주의사항, ‘13. 취급상의 주
의사항’을 참고한다. 멸균된 저 단백질 결합 0.2 또는 0.22 마이크로미터 인라인 필터(in-line filter)를 포함하는 정맥 주사 라인을 통해 1시간에 걸쳐 주사액을 정맥 내 투여한다. 같은 주입 라인으로 다른 약물을 동시 투여
하지 않는다. 사용하고 남은 약물이나 물품은 관련 규정에 따라 폐기되어야 한다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것: 이 약의 주성분 또는 첨가제에 과민증 병력이 있는 환자. 2. 다음 환자에는 신중히 투
여할 것: 자가면역질환 또는 자가면역질환 병력이 있는 환자 3. 약물이상반응 1)임상시험에서 보고된 이상사례- 이상사례는 MedDRA의 기관계 분류에 따라 기재되었다. 각 기관계 분류에서, 이상사례는 빈도가 높은 순으
로 표기되었다. 각 빈도 군에서, 이상사례는 중증도가 높은 순으로 표기되었다. 또한, 각 이상사례의 해당 빈도 분류는 CIOMS III 협의에 따르며 다음과 같이 정의된다: 매우 흔하게 (≥1/10); 흔하게 (≥1/100 ~ <1/10); 흔하
지 않게 (≥1/1,000 ~ <1/100); 드물게 (≥1/10,000 ~ <1/1,000); 매우 드물게 (<1/10,000); 빈도 불명, 즉 이용 가능한 자료로부터 추정될 수 없음. 국소 진행성 비소세포폐암 – PACIFIC 연구: PACIFIC 연구 (475명)에서 국
소 진행성 절제 불가능한 비소세포폐암 환자로 이 연구 시작 전 1~42일 내에 2주기 이상의 항암화학방사선요법을 완료한 환자들을 대상으로 이 약(10 mg/kg)의 안전성이 평가되었다. 이 환자 집단에서 가장 흔한 이상사
례는 기침 (40.2%, 위약군 30.3%), 상부 호흡기 감염 (26.1%, 위약군 11.5%) 및 발진 (21.7%, 위약군 12.0%)이었다. 3 또는 4등급 이상사례의 발생률은 이 약 투여군에서 12.8%, 위약군에서 9.8%이었다. 가장 흔한 3 또
는 4등급 이상사례는 폐렴 (6.5%, 위약군 5.6%)이었다. 이 약 투여군의 8.2% 및 위약군의 5.6%에서 이상사례로 인해 투약을 중단하였다. 이 약의 투약 중단으로 이어진 가장 흔한 이상사례는 폐염증 (4.8%)이었다. 중대
한 이상사례는 이 약 투여군 12.8% 및 위약군 11.1%의 환자에서 발생하였다. 가장 흔한 중대한 약물이상반응은 2% 이상의 환자에서 보고된 폐염증과 폐렴이었다. 치명적인 폐염증과 치명적인 폐렴은 이 약 투여군과 위
약군 간에 유사하게 1% 미만의 환자에서 보고되었다. 확장 병기 소세포폐암 – CASPIAN 연구: CASPIAN 연구에서 이전에 치료받지 않은 확장 병기 소세포폐암 환자에게 이 약과 에토포시드 및 카보플라틴 또는 시스플라
틴을 병용투여 했을 때의 안전성이 평가되었다 (265명). 이 약과 화학요법을 병용 시의 안전성 프로파일은 이 약 단독요법 및 화학요법의 알려진 프로파일과 일관되게 나타났다. 이 임상연구에서 보고되지 않았더라도, 이
약 또는 화학요법 단독으로 발생한다고 알려진 이상사례는 병용요법 중에도 발생할 수 있다 [저장방법‧] 밀봉용기, 2-8℃에서 차광하여 보관 [포장단위] 2.4 mL × 1 바이알 / 박스, 10 mL × 1 바이알 / 박스 ※ 만약 구입시
사용기한이 경과되었거나 변질, 변패 또는 오손된 제품인 경우에는 구입처를 통하여 교환하여 드리며, 공정거래위원회 고시 “소비자분쟁해결기준” 에 의거 소비자의 정당한 피해는 보상하여 드립니다. 의약품 부작용 발
생 시 한국의약품안전관리원에 피해구제를 신청하실 수 있습니다. 문헌개정연월일: 2020년 12월 30일 수입(수입자): 한국아스트라제네카 서울시 강남구 영동대로517 아셈타워 21층, 전화 02-2188-0800 *보다 자세
한 사항은 제품설명서 전문을 참고하시기 바랍니다. aIFZ20210208

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
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2~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
후속 주입 반응의 예방을 위해 사전 약물 치료를 고려할 수 있음
1~4 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량

한국아스트라제네카 서울시 강남구 영동대로 517 아셈타워 21층 전화: (02) 2188-0800

팩스: (02) 2188-0852

