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The coronavirus disease 2019 (COVID-19) pandemic has profoundly impacted cancer care, research
and residency training in oncology worldwide. Many countries canceled exams, shortened their residency program and medical school tenure. Traditional teaching and learning method has faced significant disruption during this time and the situation has pushed us to adapt to e-learning. Most national and international cancer meetings were converted into a virtual platform during this time.
E-learning ensures a safe environment to maintain education during a pandemic. Digital technology-based learning is likely to be used effectively in oncology training even after the pandemic ends.
Stakeholders should work towards standardizing e-learning into routine educational modules and
create a system of credibility and accountability.
Keywords: COVID-19, Pandemics, Learning, Oncology, Medical education

Introduction
Traditional learning in medical education is predominantly based on
didactic in-person interactions with teachers, peers and patients. In
residency training, besides didactic teaching, learning includes various formal and work-based formats including bedside rounds,
out-patient clinics, resident-led seminars and research-based learning. Pandemics like the coronavirus disease 2019 (COVID-19) have
caused significant disruption in this learning model as social distancing, team segregation and reorganization of workflow protocols take
effect. This has necessitated several changes in education and training for students, residents and clinicians. Although the concept of
e-learning has existed for several years, the COVID-19 pandemic has
pushed digital education to the forefront of medical education.
The severe acute respiratory syndrome (SARS) outbreak in 2003
necessitated the closure of medical schools and resulted in barring
of medical students from patient contact. The education of resi-

dents and fellows was also severely affected in the impacted countries. The resultant severe disruption of medical education sensitized educators and policymakers to the fact that education of students and residents must continue in the face of such pandemics
with all necessary safety measures [1,2].
Thus, innovative approaches such as video/audio recordings,
mannequin simulators, virtual patients, webcasting and online chatrooms were successfully adopted by training programs during the
outbreak. High stakes entrance and exit exams were also shifted to
telephone-based or digital modules.
The COVID-19 pandemic has already caused unprecedented social and economic devastation across the globe and continues to
evolve. Healthcare systems are being severely disrupted in many
countries and the future course is unpredictable [3]. As September
12, 2020, more than 28 million cases have been diagnosed worldwide with over 0.9 million deaths (Johns Hopkins tracker, https://
coronavirus.jhu.edu/map.html).
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The impact on medical education, residency training and continuing medical education (CME) for providers is expected to last
for a long and unpredictable duration in many countries. The ever-increasing globalization and high probability of future pandemics mandates measures and contingency plans to mitigate the impact of future pandemics on medical education.

Impact on Oncology Care, Research, Education
and Oncology Conferences: Need for Virtual
Platform
The rapid spread of COVID-19 has profoundly impacted cancer care
globally. Cancer patients face the dual risks of acquiring the infection with a potentially higher probability of severe morbidity and
mortality from COVID-19 and the adverse impact of delaying anti-cancer therapies [4]. Strict lockdowns, lack of public transport
facilities and containment measures also preclude patients from
access to care [5].
Measures to prevent the transmission including limiting face-toface consults, work flow modifications, delaying surgical procedures, re-distribution of oncology workforce towards other areas
for pandemic control can all result in significant delays in cancer
diagnosis and treatment which will ultimately impact patient outcomes.
Cancer research has suffered a significant slowdown due to the
current pandemic and the impact is likely to continue for a long
term [6]. Recruitment of new patients to ongoing trials have been
hit due to various factors like patient reluctance, change in hospital
policies into more convenient and less toxic treatment regimens
and logistic reasons.
Traditional teaching in oncology is predominantly based on didactic lectures, resident-led seminars, bedside clinics, out-patient
interactions and conferences with the goal of developing skills and
expertise for a safe and effective workplace practice. As physical
distancing norms, segregation and re-organization of teams take
effect, education and training activities are likely to be severely
disrupted. Infection among healthcare workers, assignment of alternative clinical responsibilities for faculty and residents, cancellation of ongoing academic programs and rescheduling or cancellation of examinations are all likely to take a toll on training and education. The unprecedented situation warrants a rapid adaptation
and transition towards leveraging technology to maintain education and assessment of trainees and providers.
Most global and national meetings of various anti-cancer organizations were either re-scheduled, cancelled or changed to a virtual platform. Predominant among these were the annual meetings
of the American Association of Cancer Research (AACR) which was
2

rescheduled and changed to a virtual format and the American Society of Clinical Oncology (ASCO) which was revised to a virtual
only format. The ASCO 2020 Annual Meeting was conducted in an
entirely virtual format with practice changing data presented from
May 29–31, 2020 and a virtual education program conducted between August 8–10, 2020. There was no registration fee for members and the fee for non-members was considerably less when
compared to those of the previous meetings. The meeting had more
than forty thousand participants and practice changing data and
research findings from many trials and studies were presented. The
virtual platform also introduced a feature for virtual networking
including one-on-one chatting or video calls with other attendees,
ASCO staff or industry representatives to recreate the onsite meeting experience. Registered participants also have the option to view
the sessions or content at their convenience. Similarly, the Annual
Meetings of European Society of Medical Oncology (ESMO) and the
American Society of Radiation Oncology (ASTRO) will be conducted
in a virtual format in 2020.
These are dramatic changes for organizers, presenters and attendees who are accustomed to traditional in-person conferences.
Technological advances in video-conferencing and telecommunications have made these virtual meetings feasible and accessible
globally. Advantages of the virtual model include significant savings of time, money and effort especially in terms of travel, accommodation and rescheduling of clinical duties. The environmental
benefits of reduced greenhouse emissions from travel and hospitality can be huge. The pandemic may thus drastically alter the way
scientific meetings are conducted in the future [7,8]. Currently,
various guidelines have been proposed to assist organizers as future events are being converted to virtual or hybrid (on-site and
virtual) formats [9,10].
While most of the “usual business” of an onsite meeting can be
shifted to the virtual platform, it would still be insufficient to recapitulate the entire experience given the missing expressions and
emotions of interpersonal communication. Live presentations at
these meetings represent a major avenue for professional development and career advancement for fellows and junior faculty and a
virtual format may not replace this experience. The virtual formats
also risk potential disruptions due to technical or connectivity issues.

Current Status of E-Learning in Oncology:
Modifications and Adaptations in
Residency Training during Pandemics
Technological innovations over the last two decades have enabled
e-learning in many aspects of medical education. Complementary
https://doi.org/10.3857/roj.2020.00710

E-learning in oncology

teaching aids such as virtual patients, video vignettes, e-learning
modules, virtual three-dimensional (3D) anatomy modules and
simulators are already being incorporated into medical education.
These tools are highly useful aids during pandemics like the
COVID-19 where they can enable uninterrupted remote learning in
the face of ongoing challenges. Video-conferencing and online
meeting software such as Zoom (Zoom Video Communications, San
Jose, CA, USA), Webex (Cisco Webex, Milpitas, CA, USA), Skype
(Skype Technologies, Palo Alto, CA, USA), GoToMeeting (LogMeIn
Inc., Boston, MA, USA), Teams (Microsoft Corporation, Redmond,
WA, USA), Google Meet (Google, Mountain View, CA, USA), etc.,
with features like screen sharing, chat and video based interactions
have made didactic teaching possible in a virtual classroom format.
Feedback from residents and fellows has demonstrated a high degree of satisfaction and even a preference for these online teaching
tools compared to traditional classroom learning. Students have
reported a higher comfort less and lower inhibition and senior intimidation to interacting remotely with faculty and peers when
compared to in-person teaching. In a recent study 88% of trainees
felt more comfortable raising questions through videoconferencing
compared to traditional didactics [11].
Tumour boards form an important component of learning and
multi-disciplinary co-ordination in oncology. As tumour board discussions also transitioned to virtual formats, feedback from stakeholders suggested increasing satisfaction and a preference to continue the virtual format beyond the pandemic. The virtual model
has the advantage of enhanced participation from trainees in rotation duties, those in quarantine and allows multi-centre collaboration [12].
Experience from some centres also demonstrated that e-learning, online collaborations and working during the pandemic also
provided the opportunity for residents to revamp their basic medical skills and obtain important lessons in resilience, teamwork and
empathy [13]. A systematic review showed a higher or similar effectiveness for e-learning compared to traditional interventions in
surgical training [14]. Similarly, a long-term review of e-learning
for students and resident education in otolaryngology reported
higher satisfaction and significantly enhanced objective knowledge
compared to traditional learning [15].
The “flipped classroom” model of blended learning incorporates
interactive online lectures with discussions, under the guidance of
a mentor. The study material in lecture format (audio/video) is usually shared with the participants prior to the online class so that
the actual class assumes a more interactive format shifting the instruction to a learner-centric model. These formats can make
learning more self-directed, less didactic and studies have shown
that it is received more enthusiastically by students [16]. A mehttps://doi.org/10.3857/roj.2020.00710

ta-analysis of 28 studies showed an overall significant effect in favor of flipped classrooms over traditional classrooms for health
professions education [17]. It also showed that incorporation of a
quiz at the beginning of the class made the learning more effective.
For radiation oncology residents, better utilisation and practising
on virtual environments for contouring and radiotherapy planning
and evaluation can be very useful considering the shift in their
work load. The ASTRO EduCase, Radiotherap-e (eIntegrity e-Learning, Hertfordshire, UK), eContour, FALCON (Fellowship in Anatomic
Delineation and Contouring) by the European Society for Radiotherapy and Oncology, etc., are a few examples of such virtual
learning platform.

Highly Interactive Technology-Based
Solutions in Medical Education
With advances in telecommunications, smartphones, point of care
tools, decision making apps, mobile-based medical calculators are
now in common usage by residents, fellows and providers. These
devices provide real-time point of care information in bite-sized
portions that can support learning and clinical care [18,19]. Various
apps for cancer diagnosis, clinical decision support, symptom assessment, pain management, chemotherapy planning, dose calculations, drug interactions and research data collection are currently
in use in oncology clinics [20]. Virtual reality (VR) simulation refers
to the creation of scenarios as complex, computer-generated images. The virtual display simulates the real world and user interactions within that simulated (virtual) world. VR is being increasingly
incorporated into medical education especially training in surgical
and procedural skills and can prove to be a highly useful tool for
learning complex procedures in cancer surgery and robotic assisted
procedures [21]. Use of high-fidelity manikins with many interactive features including display of physical signs is also being adopted increasingly in medical and surgical training [22]. Wearable
technologies like Google Glass can provide real-time, hands-free
dynamic learning in the clinic and on-the-go [23,24]. Online gamebased learning offers another engaging and interactive format to
enhance learning objectives and has been effectively used to improve clinical and surgical skills. It focuses on problem solving over
memorizing content [25,26].

Advantages of E-Learning in Oncology
A virtual learning platform can tremendously impact education of
students and residents both during the pandemic and beyond as it
broadens the horizons of continued education, interactive learning
3
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and collaboration. It will be extremely useful for faculty and trainees in any situation where physical presence is not feasible and enable learning from otherwise difficult to access experts. It can serve
as a cost-effective solution for low resource settings. Digital solutions allow recording, cloud-based storage and on-demand retrieval [27]. Online learning offers the flexibility to adapt the format
and content to make education more learner-centric. It makes
learning active rather than passive and offers the possibility of
multi-institute and even global collaborations including sharing of
educational resources among organizations [28].
Studies show that “interactivity” in education is highly valued by
trainees. An online learning module which offers the ability to
meaningfully interact with faculty and peers and the opportunity
to obtain ongoing constructive feedback is highly desirable and
sustainable [29]. Pre and post session quizzes can effectively promote learner engagement and assess learning outcomes [18].
Team-based learning is an interactive teaching method that is
learner centred and instructor directed. Post-lecture discussions
with spaced repetitions of content in an easily digestible format
can be highly effective [30]. Debate style teaching can be highly
engaging for participants while providing clarity on controversial
topics and multiple perspectives on clinical problems [31]. Most
oncology conferences include debate-based sessions and post session audience polls which promote active participation and are effective learning opportunities. Real-time polls, chats and break-out
group discussions can be highly engaging and serve to reinforce
concepts. Scheduling and tracking apps can assist faculty and
trainees in planning their routines and assessing their progress.
Technological solutions can also be used for ongoing mentoring
of trainees and fellows and providing mental health services for
physicians and trainees. E-learning has the distinct potential to
revolutionize education in remote areas and community-based
practices. Online assessments, practice assignments and simulation
of procedures can ensure uninterrupted learning. Social media can
be a powerful tool for the current and future generations to maintain ongoing education [32,33]. Digital technology can also facilitate research-based education for trainees by utilizing telemedicine
to monitor patients on research protocols and video-conferencing
for data monitoring and committee meetings. Online platform was
successfully utilised by many academic institutes for final exit exams for the oncology residents [34].

Transitioning Towards a New Era in
Residency Training and Provider Education
It is important to ensure that all potential users are familiarized
with how to optimally utilize the online application. All users
4

should also learn the basic etiquette for online conferencing including muting their microphones when not speaking, refrain from
interrupting another speaker and optimal use of video and background blur for a more interactive experience. Users should also
learn how to effectively moderate a session and troubleshoot minor
technical issues [35]. Kotter’s Change Management Model (https://
www.kotterinc.com/8-steps-process-for-leading-change/) offers
insights into transitioning into, adopting and incorporating a new
paradigm into routine practice [28]. A robust and sustainable modification to educational approaches is the need of the hour. Academic medical centers should prepare themselves to recognize new
threats that can potentially disrupt learning. A proactive response
is required that incorporates a risk-adapted approach with restructuring of academic programs to technology enabled formats without compromising continuity and quality [36]. Telemedicine can be
effectively utilized for various aspects of cancer care and education
[37].

Challenges of E-Learning
Major challenges include availability of infrastructure and willingness of the stakeholders to adopt the technology. Lack of time,
technological skills and confidence can be a significant deterrent
for teaching faculty [38,39]. E-learning can also be challenging in
resource limited settings [40]. A negative attitude towards change
and poor institutional support can preclude a successful implementation [41]. It is therefore imperative that these issues are addressed to effectively transition towards technology based learning
[42]. Emotional engagement with the audience can be a challenge
as facial expressions, body language and visual cues which enable
real-time interpretation of participant engagement and understanding may be lacking. Besides the lack of a friendly arm and
psychological support during these times of isolation and anxiety
can negatively impact learning objectives. It has also been shown
that distractions and disruptions can be more frequent during online learning compared to traditional classroom teaching [43,44].
Fatigue of trainees could also become a significant barrier to effective learning especially when they’re expected to fulfil their increased work responsibilities along with completing their learning
tasks. It is also undeniable that online learning cannot replace the
requirement for procedural and experiential learning although simulation [45], virtual reality, tele-consults and virtual patients can
circumvent these challenges to some extent.

Future Directions
A traditional face to face teaching and learning method is unhttps://doi.org/10.3857/roj.2020.00710
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doubtedly irreplaceable. But the current pandemic has steered residency training towards technologically driven learning and will
provide direction and information on best practices to maintain
and enhance training through these difficult times and beyond. It
has provided the opportunity to leverage technology and incorporate concepts of pedagogy to the training of residents and physicians. Academic Institutes and professional societies should now
focus on creating a structured and focused content to design pedagogically informed online courses which are interactive and learner-centric. The crisis can provide an impetus towards multi-institute and global collaboration in oncology training [28,46].
Oncology societies like ASCO and ESMO, with their large international membership and a vast repertoire of educational resources, can take the lead in initiating and facilitating innovative approaches in learning. Over the past decade ASCO has greatly expanded its educational resources and is continuously working towards enhancing the learning experience for its members [47].
The ASCO eLearning catalogue features an increasing suite of
educational resources designed to address learning needs of oncology fellows and providers (https://elearning.asco.org/).
The ESMO also provides a vast variety of educational content
through the OncologyPRO section on its website (https://oncologypro.esmo.org).
Both these professional societies also have vast amount of
COVID-19 related resources which are continuously updated to
provide the latest updated information on oncology care during the
pandemic [48,49].
Future educational initiatives should leverage advances in
knowledge and technology to create innovative solutions based on
current concepts in cognitive learning theory. It is important to
promote student engagement and minimize distraction. Interactivity and corrective feedback should be incorporated. An ongoing
mechanism to access impact and effectiveness of the system will
inform improvement to a dynamic and flexible system. The module
should analyse learning outcomes utilizing tools for formative and
summative assessments [34].
Academic institutes need to systematically plan and organize
initiatives for blended learning.
Digital platforms can also be effectively utilized for objective
structured teaching examination (OSTE) for a transparent assessment of teaching faculty and support career and professional development initiatives [50].

Conclusion
E-learning ensures a safe environment to maintain education
during a pandemic. The enhanced audio-visual tools can be effechttps://doi.org/10.3857/roj.2020.00710

tively utilized to engage learners, promote interactivity, provide
feedback and assess progress. A dynamic and flexible model ensures active learning with individually tailored instruction in easily
digestible bits. An effective system should also incorporate spaced
repetition, practice assignments and objective assessment. Stakeholders should work towards standardizing e-learning into routine
educational modules and create a system of credibility and accountability. The long-term social, environmental and professional
advantages of adopting e-learning at the Institute and global level
are potentially enormous. Moving forward, technology enabled
learning is well poised to become an integral part of education in
oncology.
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Purpose: To determine the localization of sentinel lymph nodes (SLNs) in a large cohort of patients
with breast cancer and validate the European Society for Therapeutic Radiology and Oncology (ESTRO), Radiation Therapy Oncology Group (RTOG), and Radiotherapy Comparative Effectiveness (RADCOMP) guidelines on regional lymph node clinical target volume (CTV-LN) delineation.
Materials and Methods: A total of 254 women with cT1-3N0-1M0 breast cancer underwent single-photon emission computed tomography (SPECT-CT) visualization of SLNs after intra- and peritumoral injection of 99mTc-radiocolloids. All SPECT-CT images were fused with reference simulation
computed tomography. A 3D atlas of SLNs was created and used for evaluation of CTV-LN defined by
contouring guidelines.
Results: SPECT-CT visualized 532 SLNs that were localized in axillary level I in 67.5%, level II in
15.4%, level III in 7.3%, internal mammary in 8.5%, and supraclavicular in 1.3% cases. The majority
of level II–IV and internal mammary SLNs were inside the recommended CTV-LN. Axillary level I SLNs
were covered by ESTRO and RTOG contours in 85% and 85% cases, respectively. “Out of contours”
SLNs were mostly detected in lateral subgroup of level I LN (18.5%), while 98%–99% of anterior
pectoral and central axillary SLNs were covered by CTV-LN. Internal mammary SLNs were visualized
in 33 cases and were outside ESTRO and RTOG contours in 3 and 6 observations, respectively.
Conclusion: SPECT-CT atlas of SLNs demonstrated that in most cases ESTRO and RTOG guidelines
correctly represented CTV-LNs with the exception of lateral subgroup of SLNs.
Keywords: Breast cancer, Lymph nodes, Target volume delineation, Sentinel lymph nodes

Introduction
The concept of sentinel lymph nodes (SLNs) was proposed in the
last quarter of the 20th century and was extensively evaluated in
patients with melanoma and breast cancer [1]. The concept postulated a predictive and sequential fashion of regional lymph node
(LN) involvement with the regional spread predominantly to the
LNs that were the first on the drainage way from the primary lesion (these LNs were called sentinel); subsequent invasion of the

second echelon LNs that received lymph fluid from the sentinel
nodes; and finally with a regional dissemination of the tumour to
other regional LNs. This concept was successfully validated in prospective multicentre trials and retrospective meta-analysis and
now is widely accepted in clinical practice [1–3]. Mapping of SLNs
by radiocolloids becomes the basic technique that permits a precise
localization of SLNs and a subsequent radioguided surgery. Taking
into account the sequential order of regional LNs involvement and
prevalence of SLNs invasion by the tumour, we propose that the
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atlas of SLNs can be an effective tool that would help to validate
the most widely used European Society for Therapeutic Radiology
and Oncology (ESTRO) and Radiation Therapy Oncology Group
(RTOG) guidelines for contouring regional LNs in patients with
breast cancer. We expect that this atlas can be especially useful as
a tool for a precise definition of LN clinical target volume (LN-CTV)
in women with an early breast cancer. First of all, it can be important for LN contouring in women with N1 breast cancer and patients with positive SLNs that would receive postoperative LNs irradiation instead of an axillary LNs dissection.
The primary aim of the this study was to create a 3D atlas of SLNs
in patients with early breast cancer using single-photon emission
computed tomography (SPECT-CT) and evaluate the validity of ESTRO, RTOG, and RADCOMP (Radiotherapy Comparative Effectiveness)
Consortium Trial contouring guidelines [4–6].

Materials and Methods
This study was reviewed by review board and Ethical Committee of
the N.N. Petrov National Medical Research Center of Oncology (No.
108). A total 254 women with an early (T1-3N0M0) breast cancer
underwent SPECT-CT visualization of SLNs before a routine SLN biopsy between February 2014 and April 2020. The SPECT-CT examination started 60-120 minutes after intra- and peritumoral injection of 100–150 MBq of 99mTc-radiocolloids with particle size of
80–1,000 nm. The acquisition was performed in position with arms
140°–170° abducted above the head. The anatomical position of
SLNs on SPECT-CT images was allocated to the following axillary
subgroups that had been previously described in details [7]: anterior pectoral, central and lateral level I LNs, subscapular, interpectoral, subpectoral level II LNs, apical level III LNs. In addition, supraclavicular and internal mammary LNs were considered as regional
for breast cancer patients. All SLNs were contoured on every
SPECT-CT data set and color-coded according to their allocation to
different groups and subgroups of the regional LNs. Finally we obtained images of 135 women with left (289 SLNs) and 243 (243
SLNs) with right breast cancer.
For the reference CT image we used a simulation CT scan of a
female patient (164 cm, 60 kg) who had undergone a left-sided
breast conserving surgery and irradiation per standard protocol.
It was reported by Dijkema et al. [8] that localization of the regional LNs of the breast can be dependent on the position of the
arm. In order to compare LN coverage by planning contours in different treatment positions, we performed CT simulation of the reference patient in treatment position with 130° abducted left arm
and 160° overhead abducted right arm.
Atlas creation and statistical analysis of the SLN overlap data
https://doi.org/10.3857/roj.2020.00871

was performed using MIM Maestro 6.9.7 software (MIM Software
Inc., Cleveland, OH, USA). The atlas was created using the approach
similar to the one described by Borm et al. [9].
First, the images were masked outside of the regions of interest
corresponding to a 5-cm margin around to reference areas. Initial
rigid registration of the masked images was followed by a contour-based deformable registration using a hybrid fusion mode [10]
provided by MIM Maestro software. MIM Maestro Reg Refine tool
was used to assess the quality of deformable registration and to
enable user-guided deformable registration adjustment as necessary [11]. Next, each SLN contour on the patient image was deformable transferred to the reference patient CT image. All steps
were automated using MIM Maestro Workflows to standardize and
speed up image processing for each patient. Following the atlas
creation, a statistical overlap (occurrence of the SLN contours inside CTVs) was calculated using a custom MIM Maestro Extension
written in Java programming language, with the overlap statistical
data being exported into Excel Software (Microsoft, Redmond, WA,
USA) for subsequent verification and analysis. The CTVs for LN irradiation were delineated by two experienced radiation oncologists
with a cross-evaluation of the contours and a subsequent control
by the third investigator. All contours were delineated according to
ESTRO or RTPOG guidelines [4,5]. All CTVs were created before the
fusion by radiation oncologists that were blinded to the locations
of SLNs. The contoured subregions corresponding to ESTRO and
RTOG guidelines were as follows: axillary level I, II, and III LNs, the
supraclavicular, the internal mammary, interpectoral and subpectoral region. In addition, we created a separate “posterior neck volume” which was represented by the differences in RADCOMP and
ESTRO/RTOG volumes.
Finally, we calculated the overlap of mapped SLNs with “standard” LNs CTV contours and assessed whether they were located
within/partly within (10%–100% overlap) or outside ( < 10% overlap) the ESTRO/RTOG and RADCOMP CTVs.

Results
In 254 women included in the study, we visualized 532 SLNs in average 2.1 SLNs per patient. Atlas of the mapped SLNs in relation to
the ESTRO and RTOG CTV-LN can be found in Supplementary Figs.
S1 and S2. The distribution of SLNs according to LN levels is summarized in Table 1. As was expected, most SLNs were detected in
the axillary level I region (n = 359; 67.5%), followed by axillary II (n
= 82; 15.5%), axillary III (n = 39; 7.3%), the internal mammary (n
= 45; 8.4%), and supraclavicular (n = 7; 1.3%) regions. Mapped
LNs in apical (level III) and supraclavicular regions probably must
be considered as second echelon LNs that are directly connected
9
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Table 1. Distribution of SLNs in the lymph node regions and coverage of these lymph nodes by ESTRO and RTOG contours
Localization

SLNs

Number of patients

Level I
Level II
Level III
Supraclavicular
Internal mammary

359
82
39
7
45

243 (100)
76 (100)
39 (100)
6 (83.3)
33 (100)

Number of patient with SLNs inside contours
ESTRO
RTOG
201 (82.7)
207 (85.2)
76 (100)
76 (100)
35 (89.7)
36 (92.3)
5 (100)
6 (100)
30 (90.9)
27 (81.8)

Number of patients with SLNs outside contours
ESTRO
RTOG
42 (17.3)
36 (14.8)
4 (10.3)
3 (7.7)
1 (16.4)
3 (9.1)
5 (18.2)

Values are presented as number (%).
SLN, sentinel lymph node; ESTRO, European Society for Therapeutic Radiology and Oncology; RTOG, Radiation Therapy Oncology Group.
Table 2. Distribution of SLNs in the axillary lymph node subgroups and coverage of these lymph nodes by ESTRO and RTOG contours in women
with different arm positions
Axillary
subgroups
Anterior
pectoral
Central
Lateral
Subscapular

SLNs

Number of
patients

135

128

171
49
4

168
47
3

Number of patient with SLNs inside contours
Left breast
Right breast
(130° abducted)
(160° abducted)
ESTRO
RTOG
ESTRO
RTOG
73
73
53
53
74
2
-

77
4
-

69
8
1

68
16
2

Number of patient with SLNs outside contours
Left breast
Right breast
(130° abducted)
(160° abducted)
ESTRO
RTOG
ESTRO
RTOG
2
2
3
25
-

23
-

4
12
2

5
4
1

SLN, sentinel lymph node; ESTRO, European Society for Therapeutic Radiology and Oncology; RTOG, Radiation Therapy Oncology Group.

with axillary SLNs. This proposal is supported by the fact that in all
cases axillary SLNs were detected before “hot” LNs of apical and
supraclavicular regions. Distribution of the LNs that were mapped
with radiocolloids according to axillary (level I) subgroups is listed
in Table 2. SLNs were located in the central axillary subgroup in
171, anterior pectoral in 135, lateral in 49, and subscapular in 4
cases. The distribution of mapped LNs in patients did not differ between right and left breast cancer.

1. Level I lymph nodes
SLNs detected in the axillary level I were outside the ESTRO guideline borders in 42 of 243 patients with mapped level I LNs and outside RTOG LNs CTV in 36 of 243 cases. Surprisingly, we found that
SLNs were frequently localized in the lateral group of axillary LNs
(Fig. 1): in 47 (19.3%) women SLNs were revealed in the lateral
group, and in 14 cases SLNs were detected only in the lateral
group. It must be pointed out that in many cases SLNs of the lateral group were localized out of the ESTRO and RTOG contours:
37/47 and 27/47 observations, respectively. This is due to the position of the arm that significantly influences the rate of “in contours” and “out of contours” localization of the lateral group SLNs.
In 119 women with the right breast cancer (160° abduction), 12 of
20 SLNs in the lateral group were inside ESTRO and 16 of 20 inside
RTOG contours. With 130° abduction (left breast), lateral group
SLNs were visualized “out of ESTRO contours” in 25 of 27 cases
10

and out of RTOG borders in 12 of 27 patients.
As it was mentioned above, in most cases level I axillary SLNs are
represented by anterior pectoral and the central LNs. These SLNs
are usually successfully covered by LNs CTV recommended by ESTRO (n = 299 of 306 visualized SLNs, 97.7%) and by RTOG (n =
302 of 306 visualized SLNs, 98.7%). SLNs of central subgroup were
not covered by ESTRO CTV in seven women: 1 mm anterior and 1
mm, 5 mm, 9 mm, 9 mm, 11 mm, 11 mm caudally from the ESTRO
border. Central SLNs were out of RTOG contours in five cases: 1
mm, 4 mm, 4 mm, 9 mm, and 10 mm caudally from the RTOG border. Anterior pectorals SLNs were 1 mm and 2 mm anterior-laterally from ESTRO CTV contour in two women and 2 mm anterior to
RTOG CTV in one observation. We did not find any correlation between the position of the arm and the number of “out of contours”
anterior pectoral and central LNs.
In the case of tangential irradiation, this “anterior shift” of the
LNs CTV can potentially reduce the absorbed doses in the heart,
coronary vessels (left breast), and lung but this proposal of course
needs further evaluation.
We compared the coverage of the SLNs by ESTRO and RTOG
contours in patients with a different arm position (left breast vs.
right breast). The only and important finding was much better coverage of SLNs localized in the group of lateral axillary LNs: with
160° abducted arm (right breast), they were covered by ESTRO and
RTOG contours in 8 (40%) of 20 and 16 (80%) of 20, respectively.
https://doi.org/10.3857/roj.2020.00871
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A

B

C

Fig. 1. Lateral subgroup of axillary lymph nodes (blue) that are mostly out and partly inside the RTOG and the ESTRO contours. (A) Axial image
represent lateral (blue), central (red), and anterior pectoral (green) subgroups of axillary lymph nodes in relation to ESTRO contours (green) and
RTOG contours (yellow). (B) Coronal image of left lateral axillary lymph nodes. (C) Coronal image of right lateral axillary lymph nodes. ESRTO,
European Society for Radiation Therapy and Oncology; RTOG, Radiation Therapy Oncology Group.

On the contrary, in patients with 130° abduction (left breast), SLNs
localized in the lateral axillary group were inside of RTOG and ESTRO volumes only in 2 (7.4%) of 27 and 4 (14.8%) of 27 cases.

2. Level II and III lymph nodes
SLNs were localized on axillary level II in 71 patients, and in all
cases they were successfully covered by ESTRO and RTOG contours.
Subpectoral SLNs were usually localized very close (Supplementary
Fig. S3) to the thoracic vault (48 observations). This fact underlines
the necessity to cover the anterior surface of the I–III ribs carefully.
“Hot” LNs with uptake of radiocolloids on axillary level III and
supraclavicular LNs were visualized in 39 and 7 patients. In all cases, radioactive LNs in these regions were accompanied by SLNs in
level I and/or II. Apical “hot” LNs were outside the ESTRO and RTOG
contours in four and three women: 1 mm, 1 mm, 8 mm, 9 mm cranially and 3 mm, 3 mm, 4 mm cranially, respectively.

3. Supraclavicular lymph nodes
The topography of SLNs in supraclavicular region can be important
for better understanding the minimal and sufficient borders of supraclavicular CTV. First of all, we evaluated the guidelines of RADCOMP trial that recommend irradiation of posterior neck region.
According to our data there were no SLNs in posterior neck in any
of our six patients. Secondly, we tried to evaluate the most medial
location of SLNs in supraclavicular region and found out that there
was only one SLN medial to vein and we did not see any SLN medially to the common carotid artery (Fig. 2). Only one “out of ESTRO
contours” SLN was visualized 1 mm caudally to the upper border of
the supraclavicular contours but was inside RTOG contours.

4. Internal mammary lymph nodes
SLNs in the internal mammary region were revealed in 33 (13%) of
254 evaluated patients: eight on the right side and 25 on the left.
In all cases they were detected between the I rib and the IV rib.
Only three internal mammary SLNs were out of ESTRO contour: 1
mm anterior, 1 mm and 2 mm laterally from CTV border. Internal
https://doi.org/10.3857/roj.2020.00871

Fig. 2. Localization of the supraclavicular lymph nodes (blue) with
uptake of radiocolloids with regard to the European Society for Radiation Therapy and Oncology contours (green) and the Radiation Therapy Oncology Group contours (yellow).

mammary LNs were out of RTOG contour in six cases: 1 mm, 1 mm,
2 mm anterior-medially, 2 mm anterior-laterally, and 1 mm, 2 mm
laterally. Obtained data indicate that 7 mm margins around internal mammary vessels would help to cover internal mammary SLNs
in all cases.

Discussion and Conclusion
For our knowledge this is the first attempt to evaluate different international guidelines for regional LN delineation by mapping SLNs
topography in large population of patients with breast cancer. A
detailed SLN atlas was created using SPECT-CT data of 254 women
with an early breast cancer and a non-rigid registration of these
data based on vessels and muscles anatomy. An important finding
of this study is the variability of lymphatic drainage from breast lesions that manifested by various localization of radioactive LNs
represented by sentinel LNs and second echelon LNs which were
the next step of the regional metastatic pathway. According to our
data 82.9% of SLNs were visualized in axillary level I and II. This is
in accordance with existing PET-CT data indicating that the majority of metastatic lymph nodes in primary patients with breast cancer are located in the axilla (91.6%) [9]. According to Kowalski et
al. [12] in patients with advanced and recurrent disease regional
11
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metastases detected in the axillary LNs in 73% of all cases and in
other 27% occupied internal mammary and supraclavicular regions.
Our results surprisingly demonstrated that only 82%–85% of
level I LNs were covered by contours created according to ESTRO
and RTOG guidelines. In most cases, “out of contour” LNs represented by SLNs were localized in the lateral axillary subgroup
(37/42 in ESTRO and 27/36 in RTOG). Generally, these LNs are not
considered as regional LNs receiving the lymph flow from the
breast but represent the nodes that collect lymph flow from the
arm and hence, are not the target for regional LN irradiation [13].
It must be pointed out that in studies that evaluate the pattern of
regional recurrences in patient with breast cancer these nodes are
rarely pointed out as “the risk area.” On the other hand, the low
frequency of regional recurrences in lateral axillary LNs can be explained by the high therapeutic dose that they absorb during the
tangential irradiation of the breast [7]. The tendency to more complex and accurate methods of the dose delivery to the breast and
LNs CTV (proton therapy, intensity-modulated radiotherapy) can be
associated with a substantial underdose of lateral axillary LNs and
a subsequent increased frequency of regional recurrences in this
area [14]. It seems that in these cases lateral lymph nodes must be
included in the LN-CTV. According to our personal experience, the
irradiation in the position of 160° overhead abducted right arm
with 1–2 cm lateral expansion of level I LN-CTV can help to cover
lateral axillary LNs in most cases.
In addition, we mentioned one regularity that could be important for radiotherapy planning: if in women with 130° abducted
arm (left breast) we would draw imaginary lines connecting the
anterior-lateral surface of the II–V ribs with anterior surface of latissimus dorsi muscle (Fig. 3) all central, anterior-pectoral and lateral SLNs would be localized anterior to this line. The same pattern
was detected in patients with 160° overhead abducted arm with
the imaginary line passing nearly horizontally.
It is well-known that in women with breast cancer radiotherapy
significantly increases the risk of late complications. First of all,

A

B

morbidity and mortally associated with cardiac disease, in particular it was demonstrated that cardiac mortality was strongly related
to the dose absorbed by the heart [15,16]. Additionally, it was
shown that radiotherapy could increase the incidence of primary
lung, esophageal and contralateral breast cancers [17–19]. Our
mapping results indicate that localization of SLNs on the axillary
level I give the opportunity to move forward the posterior border of
the level I contours and significantly reduce the irradiated volume
and doses absorbed by heart (in left-sided breast cancer), lung and
contralateral breast.
Existing studies that conducted a three-dimensional analysis of
LN recurrences and/or topography of LN metastases in patients
with breast cancer indicate that around 13%–34% of regional recurrences were located in the supraclavicular LNs [9,19,20]. According to the study by Chang et al. [20], supraclavicular LNs were
the most frequent site of regional recurrences (33.8%); DeSelm et
al. [19] revealed supraclavicular LNs metastases in 25.5%; and
Borm et al. [9] in 13.8%. According to our data, only 2.3% of evaluated patients had radioactive (“hot”) LNs in supraclavicular area
and as was mentioned before we believe that most of these LNs
were second echelon nodes. We found out that all these LNs were
located laterally to common carotid artery and caudal to cricoid
cartilage. Nielsen and Offersen [21] also concluded that ESTRO
contours of supraclavicular area were correct and did not need enlargement. On the contrary, many authors reported that mapping
of supraclavicular recurrent or clinically involved LNs demonstrated
that around 20%–41% of metastases in this region were located
out of RTOG and/or ESTRO contours and nearly always associated
with an advanced nodal disease [9,12,20,22]. Usually missed metastatic supraclavicular LNs were found laterally to sternocleidomastoid muscles, posterior to the transverse process of the vertebral
body [19,22,23] or cranial to the subclavian artery [24] mostly at
the level of thyroid and cricoid cartilage [25]. Gee et al. [14] summarizing the existing studies mentioned that the most vulnerable
to geographical miss were the cranial and posterolateral contours
of supraclavicular area.

C

Fig. 3. Axial images of the left axillary lymph nodes. Yellow line represents the plan that connects the anterior-lateral surface of the II–V ribs
and anterior surface of latissimus dorsi muscle. All anterior pectoral (green) and central (red) axillary lymph nodes are visualized anterior to this
plan. (A) On the level of the II rib. (B) On the level of the III rib. (C) On the level the V rib.
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Prospective randomised and observation studies, retrospective
analysis of these trials showed that irradiation of internal mammary LNs could improve overall and distant metastatic free survival
[26-28]. We visualized SLNs in internal mammary region in 33
(13%) of 254 evaluated patients. All these SLNs were located cranially to the 4th rib and were successfully covered by ESTRO and
RTOG contours. These data is in accordance with the previous experience that indicated that 90% of metastatic internal mammary
LNs were detected in the 1st–3rd intercostals spaces [12,24,29]
and were successfully covered by ESTRO, RTOG, and RADCOMP
contours.
Our data have several important limitations. In contrast with
previous studies that mapped recurrent or FDG-positive LNs we
evaluate topography of sentinel and second echelon LNs—nodes
with the highest risk of involvement in patients with an early
breast cancer. This means that our data must be used with caution
in women with the advanced nodal disease and can be more applicable for women with 1–3 positive LNs or in case of irradiation after positive sentinel LN biopsy. It must be also mentioned that all
women who underwent SPECT-CT examinations had an early
breast cancer (T1-3N0-1M0).
Moreover, despite the deformable algorithm of fusion the accuracy of this procedure can be slightly compromised by a difference
in arm position between SPECT-CT and simulation CT.
In conclusion, SPECT-CT atlas of SLNs demonstrated that in most
cases ESTRO and RTOG guidelines were effective for contouring of
axillary II–III, supraclavicular and internal mammary LNs. In 18.5%
of evaluated patients, SLNs were located in lateral axillary subgroup that in most cases was not covered by ESTRO and RTOG
contours. These data must be specially considered in cases when
tangential irradiation is substituted by intensity-modulated radiotherapy or proton therapy. Our data indicate that in patients with
1–3 positive LNs posterior border of level I axillary LNs can be safely shifted anteriorly (to the imaginary line connecting anterior-lateral surface of the II–V ribs with anterior surface of latissimus dorsi
muscle) that would help to reduce absorbed doses in lung and
heart.
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Purpose: Intensity-modulated radiotherapy (IMRT) provides higher dose to target volumes and limits
the dose to normal tissues. IMRT may be applied using either simultaneous integrated boost (SIB-IMRT) or sequential boost (SEQ-IMRT) technique. The objectives of this study were to compare acute
toxicity and objective response rates between SIB-IMRT and SEQ-IMRT in patients with locally advanced head and neck cancer.
Materials and Methods: Total 110 patients with locally advanced carcinoma of oropharynx, hypopharynx, and larynx were randomized equally into the two arms (SIB-IMRT vs. SEQ-IMRT). Patients in
SIB-IMRT arm received dose of 66 Gy in 30 fractions, 5 days a week, over 6 weeks. SEQ-IMRT arm’s
patients received 70 Gy in 35 fractions over 7 weeks. Weekly concurrent cisplatin chemotherapy was
given in both arms. Patients were assessed for acute toxicities during the treatment and for objective
response at 3 months after the radiotherapy.
Results: Grade 3 dysphagia was significantly more with SIB-IMRT compared to SEQ-IMRT (72% vs.
41.2%; p = 0.006) but other toxicities including mucositis, dermatitis, xerostomia, weight-loss, incidence of nasogastric tube intubation and hospitalization for supportive management were similar in
both the arms. Patients in SIB-IMRT arm showed better treatment-compliance and had significantly
less treatment-interruption compared to SEQ-IMRT arm (p = 0.028). Objective response rates were
similar in both the arms (p = 0.783).
Conclusion: Concurrent chemoradiation with SIB-IMRT for locally advanced head and neck cancer is
well-tolerated and results in better treatment-compliance, similar objective response rates, comparable incidence of mucositis and higher incidence of grade 3 dysphagia compared to SEQ-IMRT.
Keywords: Simultaneous integrated boost, Sequential intensity-modulated radiotherapy, Toxicity,
Compliance
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Introduction
Head and neck cancer is a significant global public health problem.
Overall, 57.5% of global head and neck cancers occur in Asia [1]. In
India, head and neck cancer accounts for 30% of all cancer burden
and majority of these patients present with locally advanced stages
[2]. Tobacco consumption habits such as bidi smoking, tobacco
chewing and cigarette smoking are primarily responsible for the
high prevalence of these cancers. Treatment of locally advanced
head and neck cancer is a clinical challenge and requires aggressive
and concerted measures. Radiotherapy with concurrent chemotherapy is the standard curative treatment strategy for the locally
advanced head and neck cancer. The ultimate aim of radiation
therapy is the maximum local control of the tumor with minimal
toxicity. Introduction of three-dimensional conformal radiotherapy
(3D-CRT) allowed irradiating the target volumes more precisely
with better sparing of surrounding healthy tissues. Advent of intensity-modulated radiotherapy (IMRT) facilitated even more conformity in dose shaping, providing higher dose to target volumes,
further limiting the dose to organs at risk thus leading to less toxicity [3,4]. IMRT is a modern form of conformal radiotherapy and it
is of greater value for target volumes with complex shapes with
close proximity to radiosensitive organs at risk (OAR) and normal
tissues. IMRT can be applied by using either sequential boost intensity-modulated radiotherapy (SEQ-IMRT) or simultaneous integrated boost intensity-modulated radiotherapy (SIB-IMRT) technique.
SEQ-IMRT consists of two phases with shrinking field approach, in
first phase large volumes with the gross tumor and the elective
nodal region with clinical target volume (CTV) are irradiated, followed by the cone-down plan or sequential boost in second phase
to irradiate the gross tumor only. SIB-IMRT has a single treatment
plan for the entire course of the treatment with different radiation
doses and intensities appropriate for gross tumor volume (GTV) and
elective nodal region including CTV. Mohan et al. [5] introduced
the term “simultaneous integrated boost” to describe the delivery
of different doses per fraction to different target regions including
prophylactic lower dose to CTV and curative higher dose to GTV.
SEQ-IMRT uses a conventional 1.8–2 Gy per fraction throughout
the entire course of radiation treatment with shrinking field approach, while SIB-IMRT delivers 2.2 Gy per fraction to the gross tumor and boost volume and a 1.8 Gy per fraction to the elective
volume in the same treatment session. SIB-IMRT and SEQ-IMRT
both techniques are being used widely in current practice. However, clinical studies and randomized trials comparing SIB-IMRT and
SEQ-IMRT for locally advanced head and neck cancer are scarce
and the relative efficacy and toxicities of each technique remain
unexplored. In this prospective, randomized study we aimed to
16

compare the acute toxicities and objective response rates between
SIB-IMRT and SEQ-IMRT in patients with locally advanced carcinoma of oropharynx, hypopharynx and larynx.

Materials and Methods
It was a randomized, open label trial between SIB-IMRT and SIQ-IMRT. The protocol and informed consent form were reviewed and approved by the Institutional Review Board of Bhagwan Mahaveer
Cancer Hospital and Research Centre, Jaipur (No. BMH/2019/2556).
The inclusion criteria were newly diagnosed, histologically proven
locally advanced, the American Joint Committee on Cancer (AJCC
8th edition) stage III, IVA carcinoma of oropharynx, hypopharynx
and larynx patients with Karnofsky Performance Status (KPS) more
than 70%. All the eligible patients fulfilling the inclusion criteria
were approached and their clinical history, thorough clinical examination and relevant investigations were recorded. Proper counseling about the concurrent chemoradiotherapy treatment and the
trial arms was done to every participant. Informed consent was
taken before enrolling them in the study.
As suggested by the results of a retrospective study by Vlacich et
al. [6] a sample size of 100 patients was needed to detect 27% difference in the incidence of grade 3 or worse dysphagia between
SIB-IMRT (82%) and SEQ-IMRT (55%) assuming an “α” error of 0.05
and a “β” error of 0.20. Assuming that 10% of patients to be inevaluable (due to lost to follow-up), a total of 110 patients were
calculated to be randomized in our study (55 patients in each arm).
Linear variables were summarized as mean and standard deviation
and were analyzed by using unpaired t-test. Nominal/categorical
variables were described as proportions (%) were analyzed by chisquare test/Fischer exact test. Ordinal variables were presented as
median and range were analyzed by using Mann-Whitney test. The
p-value less than 0.05 were taken as significant. Total 110 patients
with locally advanced carcinoma of oropharynx, hypopharynx and
larynx were randomized equally into two arms (SIB-IMRT and
SEQ-IMRT) by computer generated random number table method.
Target volumes were delineated in accordance with the International Commission on Radiation Units and Measurements (ICRU)
Report 62 [7]. GTV were delineated by contouring gross visible or
palpable tumor and enlarged or suspicious lymph nodes identified
by clinical examination, endoscopy and CT scan or MRI scan imaging. GTV with margin for subclinical microscopic malignant disease
was contoured as CTV-high risk (CTV-HR). CTV-HR was delineated
as individualized expansions around GTV based on location and
specific at-risk sites of subclinical disease, but generally involved a
margin of 1.0–1.5 cm around the GTV. For involved nodal levels,
the entire level were included in CTV-HR. Low risk areas with pohttps://doi.org/10.3857/roj.2020.01018
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tential subclinical microscopic disease such as ipsilateral and contralateral uninvolved neck nodal groups were contoured and delineated as CTV-low risk (CTV-LR). CTV delineation was done as per
the RTOG and TROG consensus guidelines and routinely included
bilateral level II–IV lymph nodes [8,9]. If involved at presentation,
or clinically indicated (large primary lesion or N2b, N2c or N3 nodal
disease), level I and/or level V lymph nodes were also included in
CTV. CTV was edited to exclude natural barriers to disease spread.
The planning target volume (PTV) was delineated to provide a margin around the CTV to compensate for the uncertainties of radiotherapy planning, treatment delivery, patients set-up and tissue
deformation. An isotropic expansion of 5 mm was added around
the CTV to define each respective PTV-high risk (PTV-HR) and PTVlow risk (PTV-LR). The PTV-HR and PTV-LR were cropped 2 mm inside the body contour automatically by the treatment planning
system. Normal tissue and OAR dose-constraints were prescribed
as per the Quantitative Analyses of Normal Tissue Effects in the
Clinic (QUANTEC) guidelines [10]. Dose volume objectives (dose
constraints) for OAR were prescribed as spinal cord Dmax < 44 Gy,
brain stem Dmax < 54 Gy, mandible Dmax < 70 Gy, and parotid glands
Dmean < 26 Gy, oral cavity Dmean < 40 Gy. IMRT plan objectives were
to achieve no more than 20% of any PTV volumes could receive
> 110% of its prescribed dose, no more than 1% of any PTV volume
would receive < 93% of the prescribed dose and no more than 1%
or 1 mL of the tissue outside the PTV would receive > 110% of the
dose prescribed to the primary target. The most important objective
was to keep maximum dose to spinal cord and brain stem below 45
Gy and 54 Gy, respectively. The second priority for OAR was to reduce the mean dose to parotids where possible to less than 26 Gy.
Patients in SIB-IMRT arm received dose of 66 Gy to PTV-HR (2.2 Gy
per fraction) and 54 Gy to PTV-LR (1.8 Gy per fraction) in 30 fractions, 5 days a week, over 6 weeks. Patients in SEQ-IMRT arm received dose of 50 Gy in 25 fractions in 5 weeks (2 Gy per fraction)
to PTV-HR and PTV-LR in phase I followed by 20 Gy in 10 fractions
in 2 weeks (2 Gy per fraction) to PTV-HR in phase II (combined total dose in phase I and II was 70 Gy in 35 fractions in 7 weeks). For
both the arms, IMRT was planned on Eclipse version 15 Treatment
Planning System (TPS) with RapidArc technique (Varian Medical
System, Palo Alto, CA, USA) by using a double arc with 6-MV photon beam. Concurrent weekly cisplatin chemotherapy (total 6 cycles) to dose of 40 mg/m2 was given to the patients in both arms
during radiotherapy. Standard oral, medical and supportive treatment was provided to the patients of both arms. All participants
were assessed weekly during chemoradiotherapy treatment for
acute toxicities including oral mucositis, dysphagia, dermatitis, xerostomia, weight-loss, requirement of nasogastric tube intubation
for feeding and admission in the hospital for supportive care manhttps://doi.org/10.3857/roj.2020.01018

agement. Grading of oral mucositis, dysphagia, dermatitis, and xerostomia was done as per the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.03. Weekly complete blood count
and renal function test were done during chemoradiotherapy. Objective response assessment was done after three months of
chemoradiotherapy treatment with the Response Evaluation Criteria in Solid Tumor (RECIST 1.1) criteria by clinical examination, endoscopy, and CT scan or MRI.

Results
From February 2019 to March 2020, total 110 patients were enrolled prospectively and randomized equally into two arms
(SIB-IMRT and SEQ-IMRT). Fifty-five patients were enrolled in each
arm. The CONSORT diagram showing flowchart of the treatment is
presented in the Fig. 1. Five patients in SIB-IMRT arm and four patients in SEQ-IMRT arm defaulted before completion of the treatment, so they were excluded from the final analysis. Total 101 patients were included in the final analysis; 50 patients received
SIB-IMRT and 51 patients received SEQ-IMRT. Mean age of patients
was 56.1 years (range, 47.4 to 64.8 years). Ninety-five were male
(94.1%) and six patients (5.9%) were female. The site of primary tumor was oropharynx, larynx, and hypopharynx in 71 (70.29%), 16
(15.8%), and 14 patients (13.86%), respectively. Baseline patient and
tumor characteristics (sex, age, primary tumor site, stage, co-morbidity, and history of tobacco consumption) were similar among both
the study groups (Table 1). Seventy-seven patients (76.23%) re-

Assessed for eligibility (125 patients)
Excluded 10 patients
• Not meeting inclusion
criteria (5 patients)
Randomized (110 patients)

Allocated to SIB-IMRT Arm
(55 patients)

Allocated to SEQ-IMRT Arm
(55 patients)

• 5 patients defaulted.
• 50 patients completed
the planned treatment.

• 4 patients defaulted.
• 51 patients completed
the planned treatment.

Analyzed 50 patients

Analyzed 51 patients

Fig. 1. The CONSORT diagram showing the flow of the patients’ selection. SEQ-IMRT, sequential intensity-modulated radiotherapy,
SIB-IMRT: simultaneously integrated boost intensity-modulated radiotherapy.
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Table 1. Baseline patient characteristics between SIB-IMRT and SEQ-IMRT arms
Characteristic
Mean age (yr)
Gender
Male
Female
History of tobacco consumption
Co-morbidity
Diabetes
Ischemic heart disease
Hypertension
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
Primary site
Oropharynx
Larynx
Hypopharynx
Stage grouping
Stage III
Stage IVA
6 cycles weekly chemotherapy received

SIB-IMRT (n = 50)
56.3

SEQ-IMRT (n = 51)
56.04

46 (92.0)
4 (8.0)
45 (90.0)

49 (96.1)
2 (3.9)
46 (90.1)

2 (4.0)
3 (6.0)
6 (12.0)

3 (5.9)
3 (5.9)
7 (13.7)

2 (4.0)
20 (40.0)
15 (30.0)
13 (26.0)

3 (5.9)
18 (35.3)
19 (37.2)
11 (21.6)

8 (16.0)
14 (28.0)
28 (56.0)

10 (19.6)
12 (23.5)
29 (56.9)

36 (72.0)
7 (14.0)
7 (14.0)

35 (68.6)
9 (17.6)
7 (13.7)

25 (50.0)
25 (50.0)
38 (76.0)

29 (56.86)
22 (43.13)
39 (76.5)

p-value
0.002
0.621

0.143
0.967

0.302

0.406

0.121

0.133

0.956

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.

ceived full course of planned 6 cycles of weekly concurrent cisplatin
chemotherapy. Thirty-eight patients (76%) in SIB-IMRT arm versus
39 patients (76.47%) in SEQ-IMRT arm received 6 cycles of concurrent chemotherapy (p = 0.956) (Table 1). All patients received a
median 6 cycles of concurrent chemotherapy (mean, 5.6 cycle;
range, 3 to 6 cycle). There was no significant difference in terms of
number of chemotherapy cycles received between both the arms
(Table 1). Radiation dose and volume characteristics for the oral
cavity and esophagus are reported in Table 2. Oral cavity and esophagus OAR’s mean volume, mean dose, maximum dose (Dmax) were
not statistically different between the two arms (Table 2).

Table 2. Dosimetric comparison between SIB-IMRT and SEQ-IMRT
arm
OAR
Oral cavity
Mean volume (mL)
Mean dose (Gy)
Dmax (Gy)
V40 (mL)
Esophagus
Volume (mL)
Mean dose (Gy)
Dmax (Gy)

SIB-IMRT

SEQ-IMRT

p-value

61.02
38.5
68.8
22.44

65.25
37.9
70.2
26.76

0.404
0.312
0.085
0.653

9.2
23.4
53

7.3
26.1
51

0.087
0.202
0.097

1. Acute toxicity assessment

SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy;
OAR, organs at risk.

The 5.9%, 37.7%, and 56.4% of total patients developed grade 1,
grade 2, and grade 3 dysphagia, respectively. Patients in SEQ-IMRT
arm had significantly lower incidence of grade 3 dysphagia (41.2%
vs. 72%) compared to SIB-IMRT (p = 0.006) (Table 3). There were
no significant differences in incidence of mucositis, dermatitis, xe-

rostomia, weight-loss, incidence of hospitalization for supportive
management and requirement of nasogastric tube intubation for
feeding (Table 3).
The 8.9%, 48.5%, and 42.6% patients developed grade 1, grade
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Table 3. Acute toxicity profile comparison between SIB-IMRT and SEQ-IMRT arm
Toxicity
Mucositis
Grade 2
Grade 3
Dysphagia
Grade 1
Grade 2
Grade 3
Xerostomia
Grade 1
Grade 2
Dermatitis
Grade 1
Grade 2
Grade 3
Hospitalization for supportive treatment
Mean weight-loss (kg)
Requirement of nasogastric tube intubation
Mean treatment interruption (gap in radiotherapy) (day)

SIB-IMRT (n = 50)

SEQ-IMRT (n = 51)

27 (54.0)
20 (40.0)

22 (43.1)
23 (45.1)

1 (2.0)
13 (26.0)
36 (72.0)

5 (9.8)
25 (49)
21 (41.2)

36 (72.0)
14 (28.0)

33 (64.7)
18 (35.3)

16 (32.0)
29 (58.0)
5 (10.0)
20 (40.0)
5.04
20 (40.0)
2.80

21 (41.2)
23 (45.1)
7 (13.7)
16 (31.3)
5.6
15 (29.4)
4.78

p-value
0.425

0.006

0.566

0.429

0.072
0.439
0.130
0.028

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.

2, and grade 3 oral mucositis, respectively. Twenty patients (40%)
versus 23 patients (45.1%) developed grade 3 mucositis in SIB-IMRT and SEQ-IMRT arms, respectively (p = 0.425).
There was no significant difference in incidence of grade 3 oral
mucositis between both the arms (Table 3). In SIB-IMRT arm, 16
(32%), 29 (58%), and 5 patients (10%) developed grade 1, grade 2,
and grade 3 dermatitis, respectively. In SEQ-IMRT arm, 21 (41.2%),
23 (45.1%), and 7 patients (13.7%) developed grade 1, grade 2,
and grade 3 dermatitis, respectively (p = 0.429). There was no significant difference in incidence of dermatitis between both the
arms (Table 3).
The patients in SIB-IMRT arm had better treatment-compliance
compared to SEQ-IMRT arm. In SIB-IMRT arm, mean treatment-interruption (gap in radiotherapy) was 2.8 days (range, 1 to 10 days)
whereas in SEQ-IMRT arm it was 4.78 days (range, 1 to 8 days) (p
= 0.028) (Table 3).
In SIB-IMRT arm, 36 (72%) and 14 patients (28%) developed
grade 1 and grade 2 xerostomia, respectively. In SEQ-IMRT arm, 33
(64.7%) and 18 patients (35.3%) developed grade 1 and grade 2 xerostomia, respectively (p = 0.566). There was no significant difference in incidence of xerostomia between both the arms (Table 3).
In SIB-IMRT arm, mean weight-loss of patients was 5.04 kg
(range, 1 to 11 kg) while in SEQ-IMRT it was 5.6 kg (range, 1 to
12.5 kg) (p = 0.439). There was no significant difference in incidence of weight-loss between both the arms (Table 3).
Total 35 patients (34.6%) required nasogastric tube intubation
https://doi.org/10.3857/roj.2020.01018

for feeding. Twenty patients (40%) in SIB-IMRT arm and 15 patients (29.4%) in SEQ-IMRT arm required nasogastric intubation (p
= 0.130) (Table 3). Although more patients in SIB-IMRT arm required nasogastric tube intubation compared to SEQ-IMRT but it
was not statistically significant.
Total 36 patients (35.64%) required indoor admission in the hospital for supportive treatment and management of dysphagia.
Twenty patients (40%) in SIB-IMRT arm versus 16 patients
(31.37%) in SEQ-IMRT arm required admission in the hospital (p =
0.072) (Table 3). Although more patients in SIB-IMRT arm required
hospitalization for supportive care compared to SEQ-IMRT but it
was not statistically significant.

2. Objective response assessment
Objective response to the treatment evaluation was done after 3
months of completion of the treatment. Seventy-three patients
(72.27%) had complete response, 27 patients (26.73%) had partial
response, and one patient had progressive disease. Objective response rate were comparable in both the treatment arms (p =
0.783) (Table 4).

Discussion and Conclusion
In this study we evaluated and compared the outcomes and acute
toxicities between SIB-IMRT and SEQ-IMRT for locally advanced
head and neck cancer patients. In our knowledge, probably this is
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Table 4. Objective tumor response rate comparison between SIB-IMRT and SEQ-IMRT arm
Objective response
Complete response
Partial response
Progressive disease

SIB-IMRT
36 (72)
13 (26)
1 (2)

SEQ-IMRT
37 (72.54)
14 (28)
0 (0)

p-value
0.783

Values are presented as number of patients (%).
SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; SEQ-IMRT, sequential boost intensity-modulated radiotherapy.

the first randomized trial comparing SIB-IMRT and SEQ-IMRT in
non-nasopharyngeal, locally advanced head and neck cancer patients. Overall results of our study suggest that SIB-IMRT and
SEQ-IMRT treatment in locally advanced head and neck cancer
along with concurrent chemotherapy are equivalent with respect
to treatment outcomes. Although higher incidence of grade 3 dysphagia was observed with the SIB-IMRT compared to SEQ-IMRT
however, it did not translate into statistically significant increased
weight-loss or nasogastric intubation. Other acute toxicities, including mucositis, dermatitis and xerostomia, were comparable in
both the study arms.
The observed lower incidence of dysphagia in SEQ-IMRT arm in
our study might be attributed to the reduced radiation exposure of
the lower neck and pharyngeal constrictors from 6 weeks in
SIB-IMRT to 5 weeks in SEQ-IMRT. Two Gy per fraction for 5 weeks
to lower neck and pharyngeal constrictors in SEQ-IMRT might have
produced lesser severe dysphagia compared to 1.8 Gy per fraction
for 6 weeks in SIB-IMRT. More grade 3 mucositis (45% vs. 40%; p
= 0.425) and less nasogastric tube intubation (29.4% vs. 40%; p
= 0.439) probably resulted in increased weight-loss (mean 5.6 kg
vs. 5.04 kg; p = 0.439) in SEQ-IMRT arm compared to SIB-IMRT
arm, although these differences between the both arms were statistically not significant.
Diligent treatment-compliance is crucial and important management strategy. Unplanned treatment interruptions and prolonged
radiation treatment time are associated with poor treatment outcomes. Langendijk et al. [11] in a study of oral cancer patients concluded that overall treatment time is the most important prognostic factor. The authors observed the locoregional control worsened
approximately 9% with each additional week in prolongation of
overall treatment [11]. In our study, patients in SIB-IMRT arm
showed better treatment-compliance and had significantly less interruption in radiation treatment compared to SEQ-IMRT arm. In
SIB-IMRT arm, mean treatment-interruption (gap in radiotherapy)
was 2.8 days whereas in SEQ-IMRT arm it was 4.78 days (p =
0.028). Less number of radiation fractions (30 fractions compared
to 35 fractions) and 1 week shorter treatment schedule (6 weeks
vs. 7 weeks) in SIB-IMRT might be provided better logistic support
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to patients compared to SEQ-IMRT and it could be the reason for
better compliance and less treatment interruptions. As majority of
patients have severe dysphagia and treatment interruption in last 2
weeks of the radiotherapy, 1 week shorter overall treatment time in
SIB-IMRT arm might be increased the compliance.
In a comparative, retrospective study of 209 patients of locally
advanced head and neck cancer, between SIB-IMRT versus SEQ-IMRT, there were no significant differences in local, regional, or distant
recurrence-free survival [6]. In this study, grade 3 or 4 dysphagia
(81% vs. 55%) and dermatitis (78% vs. 58%) were significantly
higher in the SIB-IMRT compared to SEQ-IMRT (p < 0.001 and p <
0.012) [6]. There were no significant differences in the rate of gastrostomy tube placement and relative weight-loss between
SIB-IMRT and SEQ-IMRT. These results are comparable to ours
study with comparable objective response rate between both the
treatment technique and higher incidence of grade 3 dysphagia in
SIB-IMRT arm.
In a population-based propensity score based analysis, Kuo et al.
[12] compared SIB-IMRT and SEQ-IMRT in 200 patients of carcinoma oropharynx and hypopharynx patients. The hazard ratio (HR) of
death between SIB-IMRT and SEQ-IMRT was 1.23 (p = 0.29). The
authors concluded that the survival outcome is comparable between both the techniques.
In a retrospective comparative study between SIB-IMRT versus
SEQ-IMRT in 398 locally advanced head and neck cancer patients,
the authors [13] found similar rates of 2-year locoregional control
and overall survival. Patients in SIB-IMRT had lower rates of acute
grade 3 mucositis (22.4% vs. 36.7%; p = 0.0001), dermatitis (7.5%
vs. 20%; p = 0.0001), and feeding tube placement (44% vs. 51%;
p = 0.0001) compared to SEQ-IMRT arm [13]. In our study also
there was no difference in objective response rate between both
the arms with comparable incidence of mucositis, dermatitis and
nasogastric tube placement.
Songthong et al. [14], in a prospective randomized study of 112
patients of carcinoma nasopharynx, compared SIB-IMRT and
SEQ-IMRT and found no significant difference in acute toxicities or
short-term treatment outcomes. The incidence of grade 3 acute
toxicities; mucositis (15.4% vs. 13.6%; p = 0.788), dysphagia
(9.6% vs. 9.1%; p = 1.000), xerostomia (9.6% vs. 7.6%; p = 0.748)
and one year overall survival (95.8% vs. 95.5%; p = 0.472) or progression free survival (98% vs. 90.2%; p = 0.069) were not statistically different between SEQ-IMRT versus SIB-IMRT [14].
In a randomized study of 209 patients of carcinoma nasopharynx, the authors [15] compared SIB-IMRT with SEQ-IMRT. There
were no statistically significant differences in the incidence of
grade 3–4 acute toxicities between the two techniques (59.8% in
SEQ-IMRT vs. 58.9% in SIB-IMRT; p = 0.892). The progression-free
https://doi.org/10.3857/roj.2020.01018
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survival (72.7% vs. 73.4%; p = 0.488) and overall survival (86.3%
vs. 83.6%; p = 0.938) were also similar in both the techniques
[15]. Results of our study are comparable to this study with no difference in treatment outcomes and mucositis between both the
arms.
In a retrospective comparative study between SIB-IMRT versus
SEQ-IMRT in 107 patients of carcinoma nasopharynx, the authors
[16] found no significant difference in 5-year overall survival between both the techniques (80.9% vs. 80.5%; p = 0.568) and
5-year progression-free survival (73.3% vs. 74.4%; p = 0.773). In a
meta-analysis of total 1,049 patients from seven studies to compare the treatment outcomes and acute toxicity of the SIB-IMRT
versus SEQ-IMRT in head and neck cancer patients, the authors [17]
found no significant difference in the overall survival (HR = 0.94;
p = 0.71), progression free survival (HR = 1.03; p = 0.79), locoregional recurrence-free survival (HR = 0.98; p = 0.91), and distance
metastasis-free survival (HR = 0.87; p = 0.63). There was no significant difference in acute toxicities such as dermatitis, mucositis,
dysphagia, xerostomia between the SIB-IMRT and SEQ-IMRT
groups. The authors concluded that SIB-IMRT and SEQ-IMRT
groups had similar treatment outcomes and acute toxicities.
In general, SIB-IMRT and SEQ-IMRT both have their own specific
advantages and disadvantages concerning to radiobiology and radiation treatment planning. SIB-IMRT may increase the biologically
equivalent dose (BED) delivery to the tumor with higher dose per
fraction ( > 2 Gy per fraction) and shorter overall treatment time.
Increasing BED, higher dose per fraction and shorter overall radiation treatment time may result in improved tumor control in locally
advanced head and neck cancer patients.
Dosimetric comparison studies have also reported better target
coverage, more conformal dose distribution and sparing of OAR
with SIB-IMRT compared to SEQ-IMRT in head and neck cancer
patients [18,19]. SIB-IMRT technique provides more practical and
efficient way of radiation treatment planning with less uncertainties to the treatment planning, dose delivery, plan implementation
and patient set-up on the couch as it uses a single plan for the entire course of radiotherapy [5]. Disadvantage of SIB-IMRT includes
that acceleration of radiotherapy by SIB-IMRT may increase the incidence of severe acute toxicity such as dysphagia, dermatitis and
mucositis and worsen the treatment-compliance [20]. SEQ-IMRT is
more time consuming as it involves the summation of two or more
phased treatment plans, which can produce more uncertainty in
dose distribution and delivery. It is of more concern and challenging for the centers with higher number of patients for the treatment per day, by the limited staff and resources as compared to
single plan with SIB-IMRT. SIB-IMRT uses a single radiotherapy
plan throughout the entire course of the treatment with fewer rahttps://doi.org/10.3857/roj.2020.01018

diation fractions, which reduces overall treatment time and overall
expenses incurred by the patients on the treatment. It results in reduction of workload for radiation workers and shorter waiting list
of patients for the treatment in busy radiotherapy centers. Unavailability and inaccessibility of modern radiotherapy linear accelerator
machines as well as long waiting list of patients for teletherapy is a
crucial problem for low-middle income countries like India. The International Atomic Energy Agency has included India along with
the poorest sub-Saharan African countries with less than one teletherapy machine per million people [21,22]. The World Health Organization recommends at least one teletherapy unit per million
populations [21,22]. With this recommendation, the minimum required number of teletherapy units is approximately 1,250 as
against the presently available 550 units in India, making a huge
shortfall of nearly 700 units [21,22]. One week shorter treatment
schedules in SIB-IMRT compared to SEQ-IMRT can reduce the
treatment-cost and the long waiting list of patients for radiation
therapy in low resource counties like India.
In summary, our study shows that concurrent chemoradiation
with SIB-IMRT for locally advanced head and neck cancer is
well-tolerated and results in better treatment-compliance, comparable objective response rate, comparable mucositis, and higher but
acceptable incidence of dysphagia compared to SEQ-IMRT. To our
knowledge, our study is the first randomized trial to date exploring
the acute toxicity profile and objective response rate between
SIB-IMRT and SEQ-IMRT as two distinct treatment approaches in
non-nasopharyngeal, locally advanced head and neck cancer patients. The strengths of our study includes similar chemotherapy
regimens, similar dose-volume constraints and prospective grading
of toxicity by a single, experienced radiation oncologist for both
the study arms to minimizes the potential for intra- and inter-observer variability in these more subjective values. There are several
limitations including it was a single institution based non-blind
randomized study with short-term follow-up of patients. A large
scale, multicentric, blinded randomized trial with long-term follow-up of patients is recommended to validate the results.
In conclusion, this study shows that concurrent chemoradiation
with SIB-IMRT for locally advanced head and neck cancer is
well-tolerated and results in better treatment-compliance, similar
objective response rate, comparable mucositis and higher but acceptable incidence of dysphagia compared to SEQ-IMRT. Although
higher rate of grade 3 radiation induced dysphagia was observed
with the SIB-IMRT compared to SEQ-IMRT however, it did not
translate into increased weight-loss or more nasogastric tube intubation. SIB-IMRT is a feasible and time sparing treatment technique with encouraging locoregional results and controlled side effects for locally advanced head and neck cancer patients.
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Purpose: This study aimed to evaluate the clinical outcomes and toxicities of salvage proton beam
therapy (PBT) in patients with locoregional recurrent non-small cell lung cancer (NSCLC).
Materials and Methods: We retrospectively reviewed 53 patients who received salvage PBT for locoregionally recurrent NSCLC between January 2016 and December 2019. The median clinical target
volume (CTV) was 71.2 cm3 (range, 13.3 to 1,200.7 cm3). The median prescribed dose was 64.0 cobalt
gray equivalent (CGE) (range, 45.0 to 70.0 CGE). One-third of the patients (32.1%) received concurrent chemoradiotherapy (CCRT).
Results: The patients’ median age was 67 years (range, 44 to 86 years). The initial treatments were
surgery in 31 (58.5%), definitive CCRT in 12 (22.6%), and definitive radiotherapy in 10 (18.9%) patients. The median disease-free interval (DFI) was 14 months (range, 3 to 112 months). Thirty-seven
patients (69.8%) had a previous radiotherapy history. Among them, 18 patients (48.7%) had in-field
recurrence. The median follow-up time after salvage PBT was 15.0 months (range, 3.5 to 49.3
months). During the follow-up period, 26 patients (49.1%) experienced disease progression: local in
13 (24.5%), regional in 14 (26.5%), and distant metastases in 15 (26.5%). The 2-year overall survival
(OS) rate, local control rate, and progression-free survival rate were 79.2%, 68.2%, and 37.1%, respectively. Shorter DFI (≤12 months; p = 0.015) and larger CTV (>80 mL; p = 0.014) were associated
with poor OS. Grade 3 toxicities occurred in 8 patients (15.1%): esophagitis in 2, dermatitis in 3, and
pulmonary toxicities in 4.
Conclusion: Salvage PBT for locoregionally recurrent NSCLC was effective, and treatment-related
toxicities were tolerable.
Keywords: Non-small cell lung carcinoma, Locoregional neoplasm recurrence, Salvage therapy, Proton therapy

Introduction
Lung cancer is one of the most common causes of cancer-related
death not only in Korea but worldwide, and non-small cell lung
cancer (NSCLC) accounts for approximately 85% of all lung cancer
cases [1-4]. Several modalities are currently used to treat NSCLC.
Surgical resection is the treatment of choice for early-stage NSCLC,
while adjuvant chemotherapy or chemoradiotherapy (CRT) is recommended for selected patients [5-7]. For locally advanced NSCLC,

multimodality treatments including definitive CRT and surgical resection with neoadjuvant CRT are usually adopted [8-11]. After undergoing these curative approaches, 3%–20% of patients have
been reported to develop locoregional recurrence (LRR) without
distant metastases [5-11]. Salvage radiotherapy (RT) with or without concurrent chemotherapy has been used to treat patients with
postsurgical LRR of NSCLC [12-14]. However, some patients receive
RT during the initial treatment course, and re-irradiation in this
patient group may be challenging as overlapping re-irradiation vol-
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umes could potentially cause severe radiation injury [15].
Technological advances in radiotherapy, including three-dimensional conformal radiotherapy and intensity-modulated radiation
therapy (IMRT), have enabled the delivery of high-dose re-irradiation, and several studies have reported the efficacy and toxicity after re-irradiation for LRR of NSCLC. In these studies, the 2-year
overall survival (OS) rate ranged from 32.6% to 39.4%, while the
incidence of pulmonary toxicity of ≥ grade 3 ranged from 0% to
10% [16-18]. Furthermore, proton beam therapy (PBT) can offer
clinical advantages compared with conventional photon therapy. It
has a unique depth-dose curve with a dose peak (Bragg peak) at a
well-defined depth in tissue. This feature enables substantial reductions in doses delivered to the normal tissues proximal and distal to the target volume, which makes it possible to spare normal
tissues that overlap in previously irradiated fields and to deliver escalated doses to tumors during salvage treatment [18-21]. Several
studies examined the efficacy of re-irradiation with PBT for NSCLC,
and the 2-year OS rate was reported to be 32.6%–43.0%. However,
the majority of these studies have been conducted in the United
States [18,22-25]. In this study, we aimed to retrospectively analyze our institutional experience of salvage PBT for locoregionally
recurrent NSCLC in terms of survival outcomes and toxicity.

Materials and Methods
1. Patients
We retrospectively reviewed the medical records of patients with
locoregionally recurrent NSCLC treated with salvage PBT between
January 2016 and December 2019. A retrospective study of patients with PBT was approved by the Institutional Review Board of
Samsung Medical Center (No. 2020-01-034). Patients with initial
stages I–III NSCLC who underwent curative intent therapy, with
clinically or pathologically confirmed LRR, with no evidence of distant metastasis, and who received PBT for locoregionally recurrent
NSCLC with curative intent were considered eligible for the study.
LRR was defined as recurrence of tumor in ipsilateral lung or regional lymph nodal area [22,26]. We identified 53 patients who
satisfied the inclusion criteria. When recurrence was suspected, the
patient underwent chest computed tomography (CT) with or without 18-fluorodeoxyglucose positron emission tomography-CT.
Pathologic confirmation of recurrence was performed in 24 (45.3%)
patients. All patients were re-staged according to the 8th edition
of the American Joint Committee on Cancer staging system. If the
patient had a previous history of RT, the failure patterns in the previous RT field were classified into in-field failure, marginal failure,
and out-field failure. In-field failure was defined as recurrences in
which the geometric center of the mass was within the 50% isodhttps://doi.org/10.3857/roj.2020.01074

ose line. Meanwhile, marginal failure was defined as recurrences in
which the geometric center of the mass was between the 25% and
50% isodose line [18,22]. After salvage PBT, patterns of failures
were classified into local, marginal, and distant failure. Local failure
was defined as a failure within the irradiated volume. Regional
failure was defined as recurrence within ipsilateral lung lesion or
the regional lymph nodes of the intrapulmonary, peribronchial, hilum, mediastinum or supraclavicular region outside of the original
planning target volume (PTV). Failures occurring outside of these
defined local and regional failures were considered distant failures
[25,27,28].

2. Treatment
All patients underwent CT simulation in the supine position at a
thickness of 2.5 mm. The gross tumor volume (GTV) included all recurrent lesions, while the internal target volume (ITV) was delineated based on all respiratory phases using a four-dimensional CT. The
clinical target volume (CTV) was delineated by adding a 5- to
7-mm margin from the ITV, and the margins were modified in accordance with the adjacent organs if necessary. The PTV was delineated by adding a 5-mm margin to the CTV to account for setup
uncertainties. The median GTV and CTV were 14.9 cm3 (range, 2.3
to 759.5 cm3) and 71.2 cm3 (range, 13.3 to 1,200.7 cm3), respectively. The median total dose was 64.0 cobalt gray equivalent (CGE)
(range, 45.0 to 70.0). The median biologically equivalent dose
(BED10) was 80.5 Gy10 (range, 58.5 to 115.2 Gy10). RayStation (RaySearch Laboratories, Stockholm, Sweden) was the system used for
treatment planning. PBT was delivered using the proton therapy
system at Samsung Medical Center (Sumitomo Heavy Industries,
Tokyo, Japan). Most of the patients (n = 47; 88.7%) received pencil
beam scanning PBT, while the remaining 6 patients (11.3%) received passive scattering PBT. All treatment sessions were delivered
under daily image guidance with orthogonal kilo-voltage X-ray imaging or cone-beam CT using VeriSuite (MedCom, Darmstadt, Germany). Concurrent chemotherapy was administered in 17 (32.1%)
patients.

3. Endpoints and statistical analyses
Patients underwent regular follow-up examinations, including
physical examination, hematologic studies, and chest CT. Tumor response to radiotherapy was evaluated using the revised Response
Evaluation Criteria in Solid Tumors guidelines (version 1.1). The
endpoints included OS, progression-free survival (PFS), and local
control (LC). All endpoints were calculated from the start date of
salvage PBT to the date of the last follow-up, death, or progression.
The failure patterns following salvage PBT were classified into local
failure, regional failure, and distant failure. Treatment-related tox25
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icity was graded according to the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events version 5.0.
Survival outcomes were calculated using the Kaplan-Meier
method and compared using the log-rank test for univariate analysis. The Cox proportional hazard regression model was used for
multivariate analysis. Multivariate analysis was performed on variables that showed a probability value of < 0.1 or on those that
were thought to be relevant. Fisher exact test was used to compare
the patterns of failures or toxicities after salvage PBT according to
the site of disease recurrence in the previous RT field. Statistical
analyses were performed using SPSS Statistics version 25.0 (IBM
Corp, Armonk, NY, USA). A p-value of less than 0.05 was considered
significant.

Results
Patients’ baseline characteristics are summarized in Table 1. The
median age was 67 years (range, 44 to 86 years), and 47 (88.7%)
of the total patients were men. Thirty patients (56.5%) had a
smoking history of more than 30 pack-years. With regard to the
histologic types, 26 patients (49.0%) had squamous cell carcinoma,
25 (47.2%) had adenocarcinoma, and 2 (3.7%) had large-cell carcinoma. In terms of initial staging, 22 patients (41.5%) had stage I,
8 (15.1%) had stage II, and 23 (43.4%) had stage III. The initial
treatments were surgery in 31 (58.5%), definitive CRT in 12
(22.6%), and definitive RT in 10 (18.9%) patients. Among the 31
patients who underwent surgery, 3 (5.7%) received neoadjuvant

Table 1. Patients’ characteristics (n = 53)
Characteristic
Median age (yr)
Sex
Female
Male
ECOG performance status
0–1
2–3
Median smoking history (pack-year)
> 30
≤ 30
Median DLCO (% of predicted)
Median FEV1 (% of predicted)
Median FEV1 (L)
Histology
Squamous cell carcinoma
Adenocarcinoma
Large cell carcinoma
Initial stagea)
I
II
III
Initial treatment
Definitive CCRT
Definitive RT
Surgery
  None
  Neoadjuvant CCRT
  Adjuvant CCRT
  Adjuvant chemotherapy

Value
67 (44–86)
6 (11.3)
47 (88.7)
50 (94.3)
3 (5.7)
37.5 (0–120)
30 (56.6)
23 (43.4)
68 (35–120)
74 (34–115)
2.31 (1.01–3.65)
26 (49.0)
25 (47.2)
2 (3.7)
22 (41.5)
8 (15.1)
23 (43.4)
12 (22.6)
10 (18.9)
31 (58.5)
23 (84.9)
3 (5.7)
3 (5.7)
2 (3.7)

Characteristic
Previous RT history
Yes
   At initial treatment
   At prior salvage treatment
No
Median disease-free interval (mo)
Recur stagea)
I
II
III
Number of relapse at salvage PBT
1st
2nd
3rd
Site of failure regarding previous RT field
(n = 37)
In-field
Marginal
Out-field
Concurrent chemotherapy
Yes
No
Median BED10 (Gy)
> 80
≤ 80
Median CTV (cm3)
PBT technique
Passive scattering
Pencil beam scanning

Value

28 (52.8)
9 (17.0)
16 (30.2)
14 (3-112)
11 (20.8)
11 (20.8)
31 (58.4)
41 (77.3)
11 (20.8)
1 (1.9)

18 (34.0)
12 (22.6)
7 (13.2)
17 (32.1)
36 (67.9)
80.52 (58.5–115.2)
35 (66.0)
18 (34.0)
71.2 (13.3–1,200.7)
6 (11.3)
47 (88.7)

Values are presented as median (range) or number (%).
ECOG, Eastern Cooperative Oncology Group; DLCO, diffusing capacity for carbon monoxide; FEV1, forced expiratory volume in one second; CCRT, concurrent chemoradiotherapy; RT, radiotherapy; PBT, proton beam therapy; BED10, biologically effective dose with a/b ratio of 10 Gy; CTV, clinical target
volume.
a)
Stage according to the American Joint Committee on Cancer 8th edition.
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of patients with other types of recurrence (74.1%), although the
difference was not significant (p = 0.238). In the multivariate
analysis, shorter DFI (hazard ratio = 5.876; 95% confidence interval, 1.002–34.448; p = 0.040) and larger CTV (hazard ratio =
7.126; 95% confidence interval, 1.236–41.070; p = 0.028) were
independent prognostic factors for OS (Table 3).
Most patients tolerated salvage PBT, except 1 patient (1.9%)
who could not complete the planned PBT due to grade 3 radiation
esophagitis. None of the patients had grade 4 or 5 toxicity. Pulmonary toxicity was the most common treatment-related toxicity: 9
patients (17.0%) had grade 1, 18 (34.0%) had grade 2, and 4
(7.5%) had grade 3. Grade 3 esophagitis and dermatitis occurred in
2 (3.7%) and 3 (5.7%) patients, respectively (Table 4). Among the 8
patients who experienced grade 3 toxicity, 4 had disease recurrence
in the previous RT field (in-field failure), 3 had pulmonary toxicity,

Survival proportions (%)

A

100
80
60
40
20
0

B

Local

3 (5.7%)
Regional

C

5
(9.4%)
3
(5.7%)

7 (13.2%)
Distant

36

48

80
60
40
20
12

24

36

48

Time (mo)
Survival proportions (%)

3
(5.7%)

24

100

0

5 (9.4%)

12

Time (mo)
Survival proportions (%)

CRT, while another 3 (5.7%) had adjuvant CRT.
The median disease-free interval (DFI), defined as the period
from the start of previous treatment to the period when recurrence
was diagnosed, was 14 months (range, 3 to 112 months). With regard to the staging of cancer recurrence, 11 patients (20.8%) had
stage I, 11 (20.8%) had stage II, and 31 (58.4%) had stage III. Overall, 41 patients (77.3%) had 1 episode, 11 (20.8%) had 2 episodes,
and 1 (1.9%) had 3 episodes of cancer recurrence. Thirty-seven patients (69.8%) had a previous history of RT. Among them, 18 patients (48.7%) had in-field recurrence, 12 (32.4%) had marginal
field recurrence, and 7 (18.9%) had out-field recurrence.
The median follow-up time after salvage PBT was 15.0 months
(range, 3.5 to 49.3 months). During the follow-up period, 26 patients (49.1%) experienced disease progression. Fig. 1 shows the
patterns of failures following salvage PBT. Local failure with or
without regional/distant failure was observed in 13 (24.5%) patients. Among the 18 patients who had disease recurrence in the
previous RT field (in-field failure), 6 (33.4%) experienced local failure; meanwhile, 7 (20.0%) among the other 35 patients had local
failure (p = 0.326, Fisher exact test). In contrast, out-field recurrence was less frequent in patients with disease recurrence in the
previous RT-field (in-field failure) than in those with other types of
recurrence: 5 (27.8%) vs. 15 (42.9%) (p = 0.283, Fisher exact test).
The 2-year OS, PFS, and LC rates were 79.2%, 37.1%, and 68.2%,
respectively (Fig. 2). Univariate analysis revealed that shorter DFI
( ≤ 12 months vs. > 12 months; p = 0.015) and larger CTV ( > 80 mL
vs. ≤ 80 mL; p = 0.014) were associated with poor OS (Table 2). In
patients with disease recurrence in the previous RT field (in-field
failure), the 2-year LC rate was 54.8%, which was lower than that

100
80
60
40
20
0

12

24

36

48

Time (mo)

Fig. 1. Patterns of failures following salvage proton beam therapy for
locoregionally recurrent non-small cell lung cancer.
https://doi.org/10.3857/roj.2020.01074

Fig. 2. Kaplan-Meier survival curves following salvage proton beam
therapy for locoregionally recurrent non-small cell lung cancer: (A)
overall survival, (B) progression-free survival, and (C) local control
rates.
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Table 2. Prognostic factors affecting survival outcomes upon univariate analysis
Variable
Age (yr)
> 65
≤ 65
Smoking (pack-year)
> 30
≤ 30
Histology
SQ
AD
LC
Initial stagea)
I
II
III
Initial treatment
Surgery
CCRT
RT
Recur stagea)
I
II
III
DFI (mo)
> 12
≤ 12
BED10 (Gy)
> 80
≤ 80
CTV (mL)
> 80
≤ 80
CCRT
No
Yes
Previous RT
No
Yes
Recur field
In-field
Others

Number of patients
33
20
30
23
25
26
2
22
8
23
31
12
10
11
11
31
30
23
35
18
25
28
36
17
16
37
18
35

Overall survival
2-yr (%)
p-value
0.542
82.6
71.3
0.644
76.6
82.7
0.419
73.9
86.9
50.0
0.820
78.9
87.5
77.7
0.065
87.7
60.6
77.8
0.205
100
81.8
71.5
0.015
91.8
61.1
0.684
82.3
63.3
0.014
63.3
91.9
0.497
75.4
88.2
0.154
92.9
72.9
0.399
66.0
85.0

PFS
2-yr (%)

p-value
0.272

44.8
23.2
0.660
35.9
40.7
0.908
36.6
38.2
50.0
0.036
40.9
72.9
18.2
0.224
42.7
13.3
46.7
0.192
46.7
34.1
37.0
0.394
35.8
39.9
0.402
40.3
29.2
0.585
30.5
41.2
0.117
41.7
30.3
0.433
53.6
31.7
0.794
33.0
38.8

Local control
2-yr (%)
p-value
0.856
67.8
67.6
0.816
66.7
72.0
0.186
50.7
81.2
100
0.834
62.0
83.3
67.6
0.290
72.8
27.8
80.0
0.065
62.2
47.7
82.5
0.176
57.6
89.8
0.845
67.0
77.3
0.844
56.9
71.4
0.839
67.0
70.8
0.940
73.1
65.6
0.238
54.8
74.1

PFS, progression-free survival; SQ, squamous cell carcinoma; AD, adenocarcinoma; LC, large cell carcinoma; CCRT, concurrent chemoradiotherapy; RT,
radiotherapy; DFI, disease-free interval; BED10, biologically effective dose with a/b ratio of 10 Gy; CTV, clinical target volume.
a)
Stage according to the American Joint Committee on Cancer 8th edition.
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Table 3. Cox proportional hazards multivariate model for overall survival
Variable
Initial therapy without surgery
Disease-free interval < 12 months
Previous RT history
In-field recurrence
CTV > 80 mL
BED10 ≤ 80 Gy

HR
2.651
5.876
1.205
1.062
7.126
1.592

95% CI
p-value
0.417–16.828 0.301
1.002–34.448 0.040
0.066–21.990 0.900
0.210–5.375
0.942
1.236–41.070 0.028
0.372–6.812
0.531

HR, hazard ratio; CI, confidence interval; RT, radiotherapy; CTV, clinical
target volume; BED10, biologically effective dose with a/b ratio of 10 Gy.

and 1 had esophagitis. The remaining 4 patients experienced dermatitis (n = 3), esophagitis (n = 1), and bronchial obstruction (n
= 1); 1 patient experienced both grade 3 esophagitis and dermatitis.

Discussion and Conclusion
In this retrospective study, we analyzed the treatment outcomes of
salvage PBT with or without chemotherapy for LRR of NSCLC. Several previous studies analyzed the survival outcomes and toxicities
after salvage RT in patients with LRR of NSCLC, and the OS in these
studies ranged from 32.6% to 73% [12-14,16-18,22-25].
Some studies have demonstrated favorable outcomes after salvage RT in patients with postsurgical LRR of NSCLC [12-14]. In
these studies, the 2-year OS rate ranged from 56% to 73%. The
current study not only included patients with postsurgical recurrence but also those with post-RT recurrence, with a 2-year OS of
79.2%. Overall, 31 patients underwent surgical resection at initial
treatment, and 6 received adjuvant or neoadjuvant CCRT. The
2-year OS rate of the 31 patients was 87.7%, which was higher
than that of patients who had undergone definitive CCRT or RT
alone at initial treatment (60.6% and 77.8%; p = 0.065).
Meanwhile, in patients with a previous history of RT, high-dose
re-irradiation could result in severe treatment-related toxicity or
low survival outcomes. As radiotherapeutic techniques have been
developed, high-dose re-irradiation is feasible using highly conformal RT [16-18] (Table 5). Hong et al. [16] analyzed the treatment
outcomes of 31 patients who received high-dose conformal re-irradiation. The 2-year OS and LC were 39.4% and 43.7%, respectively. In terms of treatment-related toxicity, none of the patients
experience ≥ grade 3 acute toxicity, while one patient developed
grade 3 late pericarditis. Another retrospective study analyzed 102
patients who underwent re-irradiation using IMRT or PBT as treatment for intrathoracic recurrence of NSCLC [18]. In this study, the
2-year OS and local failure-free survival rates were 32.6% and
34.2%, respectively. Grade 3 esophageal and pulmonary toxicities
https://doi.org/10.3857/roj.2020.01074

Table 4. Treatment related toxicities

Pulmonary
Dermatitis
Esophagitis

Toxicity
Grade 1 Grade 2 Grade 3
9 (17.0) 18 (34.0) 4 (7.5)
1 (1.9)
2 (3.7)
3 (5.7)
3 (5.7) 21 (38.9) 2 (3.7)

Grade 4
0 (0)
0 (0)
0 (0)

Grade 5
0 (0)
0 (0)
0 (0)

Values are presented as number (%).

developed in 7 (7%) and 10 (10%) patients, respectively. The study
demonstrated that a higher composite dose was associated with
greater toxicity in patients who underwent PBT re-irradiation for
intrathoracic recurrence of NSCLC [22].
PBT is expected to reduce the overlapped volume in case of
re-irradiation, and several studies have reported the treatment outcomes after PBT irradiation. A multi-institutional prospective study
enrolled 57 patients who had NSCLC recurrence in or near the previous radiation field from three proton centers [23]. Although the
2-year OS and PFS were 43% and 38%, respectively, this study
showed a relatively higher incidence of ≥ grade 3 toxicity (n = 24;
42%). The researchers showed that central overlapped volume,
mean heart dose, mean esophagus dose, and concurrent chemotherapy were significantly associated with higher rates of ≥ grade
3 toxicity. However, another prospective registry study reported
that 6% of the total patients who had partial overlap in the previous radiation, and PBT re-irradiation fields showed acute grade 3
toxicity [24]. The study did not indicate the 2-year survival outcomes, while the 18-month OS and local relapse-free survival rates
were 34.1% and 30.9%, respectively.
Based on these results, the treatment outcomes after re-irradiation appeared to be somewhat less favorable than those after salvage RT for patients with postsurgical recurrence without previous
RT history. But, the current study which included patients with or
without previous RT history, has shown no significant difference in
the treatment outcomes between these patient groups according
to previous RT history (Table 2). Patients with recurrent lesions in
the previous RT field (in-field failure) tended to have slightly worse
survival outcomes, which was not statistically significant. Nonetheless, the 2-year OS rate of 37 patients with previous RT history
was 72.9%, which was higher than that reported in previous re-irradiation studies (33%–43%) [16,18,23,24] (Table 5). Meanwhile,
previous re-irradiation studies showed an LC rate of 31%–44% at
1.5–2 years [16,18,24], while the current study reported an LC rate
of 65.6% at 2 years (Table 5). Furthermore, patients with recurrent
lesions in the previous RT field (in-field failure) had a tendency to
experience recurrence in the RT field of salvage PBT, although it
was not significant (p = 0.326, Fisher exact test).
Considering the technical aspects, 88.7% of the patients in the
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Table 5. Summary of previous re-irradiation series for lung cancer
Study (year)

Number of Interval to re-RT Radiation
subjects
(mo)

Hong et al. [16] (2019)
Griffioen et al. [17] (2014)

31
24

Trovo et al. [29] (2014)

17

102

McAvoy et al. [18] (2013)
Chao et al. [23] (2017)
Badiyan et al. [24] (2019)
Ho et al. [25] (2018)
Current study

57
79
29
37b)

15.1 (4.4–56.3)
51 (5–189)

CCRT
(%)

X-ray
X-ray

9.7
8

18 (1–60)

X-ray

0

17 (1–376)

X-ray
Proton
Proton
Proton
Proton
Proton

33

19 (3.5–151)
19.9 (2.2–265.2)
29.5 (0.1–212.3)
14 (3–55)

32
30
48
29.7

2-yr rate (%)
≥ Grade 3 toxicities
OS
PFS LC or LRFS
50 (35–95)
39.4
43.7
None
60 (39–66)
32a) 19a)
66.6a)
Overall: 16.7%
Pulmonary: 8.3%
Esophagitis: 4.2%
Dermatitis: 4.2%
30
29
Pulmonary: 28%
Esophagitis: 4.2%
Dermatitis: 4.2
BED 80.5
32.6
34.2
Pulmonary:10%
Esophagitis: 7%
66.6 (30–74)
43
38
Overall: 42%
60 (40–70.2)
34.1a) 18.1a)
30.9a)
Overall: 6%
a)
a)
a)
EQD2 66 (43.2–84) 54
51
78
Pulmonary: 7%
60 (45–70)
72.9 31.7
65.6
Overall: 18.9%
Pulmonary: 10.8%
Esophageal: 2.7%
Dermatitis: 5.4%
Median re-RT dose
(Gy)

Values are presented as median (range).
RT, radiotherapy; CCRT, concurrent chemoradiotherapy, OS, overall survival; PFS, progression-free survival; LC, local control, LRFS, locoregional failure-free survival; EQD2, equivalent dose in 2 Gy/fx; BED10, biologically effective dose with a/b ratio of 10 Gy.
a)
1.5-year rate.
b)
Patients with previous RT history.

present study received pencil beam scanning proton therapy. IMPT,
which is based on the scanning beam technique, is expected to
further improve the rate of normal organ sparing [19]. The treatment outcomes following IMPT re-irradiation were recently published [25]. Only 2 patients (7%) experienced late grade 3 pulmonary toxicity, and the 18-month OS and freedom from local failure
rates were 54% and 78%, respectively, which were comparable
with those reported in the present study. In the present study,
grade 3 toxicities were observed in 8 patients (15.1%): pulmonary
(n = 4; 7.5%), esophagitis (n = 2; 3.7%), and dermatitis (n = 3;
5.7%), respectively (Table 4). In the 18 patients with in-field recurrence, grade 3 toxicity was observed in 4 patients (22.2%); meanwhile, only 11.4% (n = 4) of the other 35 patients experienced
grade 3 toxicity (p = 0.299, Fisher exact test). Therefore, the occurrence of severe toxicity must be avoided when re-irradiating the
overlapped volume, and an effort must be made to further reduce
the risk of toxicity.
In terms of prognosis, several factors such as DFI, recurrent tumor volume, concurrent chemotherapy, and re-irradiation dose including BED have been reported to be associated with survival outcomes [12-14,18,25]. In the present study, CTV of > 80 mL and DFI
of ≤ 12 months were independently associated with worse OS.
However, this study has some limitations. First, this was a retrospective study. An intrinsic bias possibly exists in this study. For ex30

ample, the toxicity rate might be underestimated. Second, the number of patients included was small, and the follow-up period was not
long. These factors weakened the statistical power. Therefore, a prospective study with a large sample size is needed. Third, significant
heterogeneity was observed in the patient population in terms of initial therapy, salvage therapy, RT technique, and others. Finally, we
only included patients treated with PBT; hence, we cannot directly
compare the outcomes with those of patients who underwent other
modalities such as IMRT, and then we cannot conclude that PBT is
superior to IMRT in terms of toxicity profile (Table 5). In this regard,
another retrospective study comparing PBT and IMRT as salvage
re-irradiation might be helpful, but potential selection bias could
still exist.
In conclusion, although some potential limitations were noted,
salvage PBT as treatment for LRR of NSCLC showed favorable survival outcomes and treatment-related toxicities. Larger CTV and
shorter DFI were independent unfavorable prognostic factors for
OS. Even, patients with previous RT history and in-field recurrence
also showed comparable survival outcomes and the incidence of
≥ grade 3 toxicities, though it was slightly worse. Careful selection
of patients considering the risks and benefits should be accompanied to apply PBT for patients with LRR of NSCLC, especially in
re-irradiation case.
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Purpose: We aimed to present our initial clinical experience on the implementation of a stereotactic
MR-guided online adaptive radiation therapy (SMART) for the treatment of liver metastases in oligometastatic disease.
Materials and Methods: Twenty-one patients (24 lesions) with liver metastasis treated with SMART
were included in this retrospective study. Step-and-shoot intensity-modulated radiotherapy technique was used with daily plan adaptation. During delivery, real-time imaging was used by acquiring
planar magnetic resonance images in sagittal plane for monitoring and gating. Acute and late toxicities were recorded both during treatment and follow-up visits.
Results: The median follow-up time was 11.6 months (range, 2.2 to 24.6 months). The median delivered total dose was 50 Gy (range, 40 to 60 Gy); with a median fraction number of 5 (range, 3 to 8
fractions) and the median fraction dose was 10 Gy (range, 7.5 to 18 Gy). Ninety-three fractions
(83.7%) among 111 fractions were re-optimized. No patients were lost to follow-up and all patients
were alive except one at the time of analysis. All of the patients had either complete (80.9%) or partial (19.1%) response at irradiated sites. Estimated 1-year overall survival was 93.3%. Intrahepatic
and extrahepatic progression-free survival was 89.7% and 73.5% at 1 year, respectively. There was no
grade 3 or higher acute or late toxicities experienced during the treatment and follow-up course.
Conclusion: SMART represents a new, noninvasive and effective alternative to current ablative radiotherapy methods for treatment of liver metastases in oligometastatic disease with the advantages of
better visualization of soft tissue, real-time tumor tracking and potentially reduced toxicity to organs
at risk.
Keywords: Liver, Metastases, Oligometastatic disease, Stereotactic radiation therapy, MRI, Image
guidance

Introduction
Oligometastatic state in cancer patients is frequently encountered
in clinical practice, mainly due to improvement in early detection
of distant disease sites [1]. Aggressive local as well as systemic

treatments have the potential to increase survival in oligometastatic patients [2]. Beside gastrointestinal system malignancies,
many other solid tumors spread to the liver, and ultimately 50% of
patients develop liver metastases [3].
For patients with metastatic or primary liver malignancy; surgery,
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radioembolization, radiofrequency ablation (RFA), transarterial
chemoembolization (TACE), cryotherapy and yttrium-90 microsphere therapy are some of the local treatment options most frequently used. While surgery can be considered as the gold standard
approach due to its excellent local control potential, resection is
possible in only 20% of patients. RFA and TACE use is limited
mainly due to two reasons: the first being the tumor size and the
second proximity to biliary tract, blood vessels or liver dome. Although considered less invasive than surgery, these procedures can
also lead to similar complications like bleeding, infection or liver
decompensation.
The potential of external beam radiation therapy (RT) as an alternative modality for the treatment of metastatic or primary liver
tumors is being explored with increased frequency. The tendency to
use high fraction doses (ablative) in a reduced number of fractions
in most organ systems is causing a framework shift within the radiation oncology field. Stereotactic body radiation therapy (SBRT)
briefly can be defined as highly conformal, ultra hypofractionated,
high-dose external RT to extracranial lesions. Adopting this approach to liver tumors can be challenging due to the potential toxicity risk to the uninvolved liver or other nearby radiosensitive organs.
Use of SBRT in the management of liver metastases and hepatic
malignancies leads to excellent local control rates [4-7]. Two-year
local control as high as 90% is reported by modern prospective
multi-institutional trials involving SBRT for liver metastases [8].
Being one of the most radiosensitive organs, liver has a low tolerance to ablative radiation doses, especially when large volumes
are involved [9]. Several dose volume limits ( > 700–800 cm³ of liver tissue to receive < 15–18 Gy) have been estimated from many
clinical studies, confirming that larger volume of irradiated liver
leads to increased toxicity [10]. Schefter et al. [11] used a threshold
dose of < 15 Gy for their 3-fraction schedule. This type of normal
tissue constraints, called the critical volume model, represented a
departure from the traditional Lyman normal tissue complication
probability model used by others [12]. Radiation-induced liver disease (RILD) is the major dose limiting concern in the use of SBRT
for liver lesions. Therefore, decreasing volumes of treated liver is
the main focus of new technologies, since it has the potential to
improve outcome both in cirrhotic patients and in those with normal liver function. Magnetic resonance (MR)-guided SBRT, with its
ability to better visualize soft tissue and track tumor during treatment, has been shown to be a novel but reproducible and accurate
treatment modality for these tumors. This rapidly evolving technology allows for reduced treatment volume and may consequently
minimize liver toxicity [13,14].
The continuous and unpredictable motion of abdominal struc34

tures combined with respiratory motion results in an inherent positional uncertainty, causing both intra- and inter-fraction changes,
an important issue especially for hypofractionated schemes [15,16].
The integration of a magnetic resonance imaging (MRI) system and
a megavoltage RT system into a single unit has provided the possibility to acquire MRI of the patient in the treatment position. The
process of online image-guided radiotherapy (IGRT) has been facilitated by the availability of MRI and MR guidance. In other respects, targeted region can be constantly imaged during the RT delivery without any additional radiation exposure to the patient [17].
Successful liver SBRT relies on accurate IGRT to give sufficient dose
to the target volumes while decreasing dose to the organs at risk
(OAR) as well as effective motion management during the RT delivery.
The MRIdian Linac system (ViewRay, Oakwood Village, OH, USA)
is the first MR linear accelerator (MR-Linac) system with the US
Food and Drug Administration clearance offering the ability for real
time tracking and adaptive treatment [18]. With the adoption of
MR-guided RT (MRgRT) systems for SBRT dosimetric benefits have
been published when treating primary or oligometastatic abdominal tumors [19-21]. However, stereotactic MR-guided online adaptive radiation therapy (SMART) is a new technology, and clinical
outcomes are unproven and not presented yet. SMART abbreviation
was used for the first time in the same context of online adaptive
MRgRT by Bohoudi et al. [22].
In this study, we aimed to present our initial clinical experience
on the implementation of SMART for the treatment of liver metastases in oligometastatic disease.

Materials and Methods
This study was approved by Acibadem Mehmet Ali Aydinlar University Institutional Review Board (No. 2020-01/4 dated 09/01/2020). At
our department, clinical MRgRT has been performed since September
2018. Between September 2018 and September 2020, 35 patients
were treated for liver metastases using SMART. Twenty-one patients
having 24 lesions treated for liver metastases in oligometastatic disease were included in this retrospective study. Prior to treatment,
written informed consent for treatment delivery was taken from all
patients. After the Institutional Review Board approval simulation
techniques, treatment data, dosimetric data, toxicity outcomes,
follow-up information, and control imagings were retrospectively
reviewed. The inclusion criteria of the study were: age older than
18 years, Karnofsky score > 70%, solid tumor (non-hematologic
malignancies), oligometastatic disease. Patients having ≤ 5 metastatic sites were considered as oligometastatic. Patients with extensive disease and treated with a palliative intent were excluded.
https://doi.org/10.3857/roj.2020.00976
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Similar to diagnostic MR scans, all patients were given questionnaires to check for contraindications for MRgRT. All patients underwent computed tomography (CT) simulation with a slice thickness of 1 mm for dose calculation purposes. The 0.35T MR scans
with 1.5 mm × 1.5 mm × 1.5 mm resolution were acquired based
on a balanced free precession technique (True FISP) providing T2/
T1-weighted contrast. Simulation was done in the supine position
in the end-exhalation and end-inhalation breath-hold positions in
order to determine the most tolerable technique for the patient
and the most dosimetrically advantageous technique. MR acquisition took 17–25 seconds with a 45 cm × 45 cm × 24 cm or 54
cm × 47 cm × 43 cm field-of-view. Flexible coils, soft bed as well
as other equipment such as knee support, headphones and headrest were used in the supine position for simulation and also during
treatment. We used gadoxetate for seven patients in order to get a
better tumor visualization [23]. If borders of the metastases were
difficult to visualize, gadoxetate was injected before simulation
and the optimal time for MR acquisition was determined during
simulation. For each particular patient, the optimal time founded
for better visualization of the metastases at the simulation with
gadoxetate was used for fractions.
Pretreatment simulation MR Linac scans were fused with the
simulation CT scans and available diagnostic images (MR and/or
positron emission tomography-computed tomography [PET-CT]).
All target volumes and OAR were contoured on simulation MR
dataset by using ViewRay or Eclipse software (Varian, Palo Alto, CA,
USA) and subsequently transferred to the treatment planning system of ViewRay. Contoured OAR structures included the liver, small
bowel, large bowel, stomach, main vessels, kidneys, heart and
lungs, depending the location of treated lesion. The gross tumor
volume (GTV) was defined by considering diagnostic imaging. A 3–8
mm (median, 5 mm) isotropic expansion to the GTV was done to
create the planning target volume (PTV).
The institutional constraints were used to evaluate the doses to
OAR and target volumes (Table 1). Doses to normal tissues met
pre-established constraints. All treatments were planned as stepand-shoot intensity-modulated radiotherapy technique. A new
high-resolution MR registered with the simulation MR was performed before each fraction. GTV contours were manually adjusted
by the attending physician and relevant OAR contours were adjusted to reflect the anatomy of the day. Two treatment plans were
generated during each fraction; the baseline re-calculated plan and
a re-optimized plan which used the same number and directions of
baseline plan beams. The reasons for re-optimization of plans were
insufficient target volume coverage ( > 95% of PTV receives 100%
of the dose), OAR dose violations or both. After patient specific
quality assurance, positioning was checked using a cine MR in a
https://doi.org/10.3857/roj.2020.00976

Table 1. Dose constraints used for SMART
OAR
PTV
Liver
Stomach
Duodenum
Colon
Small bowel
Spinal cord
Right kidney
Left kidney
Vessels

Dose constraints
V95% receives 100% of R
Liver volume receiving < 15.7 Gy (3 fx)
< 18 Gy (5 fx), 700 mL
0.5 mL < 36 Gy and 1 mL < 33 Gy (5 fx)
0.5 mL < 28.9 Gy and 1 mL < 26.6 Gy (3 fx)
0.5 mL < 36 Gy and 1 mL < 33 Gy (5 fx)
0.5 mL < 28.9 Gy and 1 mL < 26.6 Gy (3 fx)
0.5 mL < 36 Gy and 1 mL < 33 Gy (5 fx)
0.5 mL < 28.9 Gy and 1 mL < 26.6 Gy (3 fx)
0.5 mL < 36 Gy and 1 mL < 33 Gy (5 fx)
0.5 mL < 28.9 Gy and 1 mL < 26.6 Gy (3 fx)
Maximum dose less than 30 Gy (5 fx)
Maximum dose less than 21.9 Gy (3 fx)
V12 < 10%, mean less than 10 Gy
V12 < 10%, mean less than 10 Gy
Maximum dose less than 53 Gy (5 fx)
D47 < 10 mL (5 fx)
Maximum dose less than 45 Gy (3 fx)
D39 < 10 mL (3 fx)

SMART, stereotactic MR-guided online adaptive radiation therapy; OAR,
organs at risk; PTV, planning target volume; fx, fraction; R, prescription
dose.

single sagittal plane and then RT delivery started. During delivery,
real-time imaging was used by acquiring planar MR images in one
sagittal plane for intra-fraction monitoring and gating. As we could
directly visualize the tumor, no other motion-management systems
or immobilization devices were used. The SBRT consisted of a median fraction number of 5 (range, 3 to 8 fractions) and majority of
patients were treated every other day. The time for workflow steps
was documented for each patient; set up, low/high-resolution
scanning, contouring, dose prediction and re-optimization with
online quality assurance (QA), real-target cine MR imaging, beam
delivery and unexpected disruption of treatment. A more detailed
time analysis according to anatomical regions of MRgRT workflow
steps conducted by the relevant staff was published previously [24].
Premedication was done with oral antiemetic before each fraction. Acute and late toxicities (nausea, vomiting, inappetence, increased bowel movement, obstipation, meteorism, skin reaction,
fatigue, fever, abdominal pain, pneumonitis, cholecystitis, rib fracture) were graded and recorded in patients both during treatment
and follow-up visits by treating physician. Patients were followed
every three months with PET-CT or MRI.
No patients were lost to follow-up and all but one patient were
alive at the time of this analysis. Time intervals were calculated
from the first day of SMART. Survival analysis was done according
to the Kaplan-Meier method. Overall survival (OS) was calculated
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from the first date of SMART to the day of last follow-up or death.
Progression-free survival (PFS) was calculated for both intrahepatic
failure and extrahepatic failure. A p-value below 0.05 was accepted as significant. Data analysis was performed using SPSS version
23.0 (IBM, Armonk, NY, USA).

Results
Between September 2018 and September 2020, 21 oligometastatic
patients (24 lesions) from different primaries were treated with
SMART for liver metastases. The baseline patient and treatment
characteristics are summarized in Table 2. The median follow-up
time from first day of SMART was 11.6 months (range, 2.2 to 24.6
months). The median age was 62 years (range, 42 to 86 years). Sixty-two percent of patients were female and 38% were male. Primary diagnoses were cancer of the colorectum (8 patients, 38%),
breast (4 patients, 19%), lung (3 patients, 14.3%), stomach (3 patients, 14.3%), anal canal (1 patient, 4.8%), pancreas (1 patient,
4.8%) and ovary (1 patient, 4.8%). All of the patients were treated
for their primaries with curative intent, either with surgery or chemotherapy. One of the patients had brain metastases treated with
SRS, one had one peritoneal implant treated with MR Linac simultaneously with liver metastases and one patient had lung metastases treated with Linac based SBRT.
All of the initial plans met treatment and OAR constraints. All
patients completed planned treatment and required adaptive planning for ≥ 1 fraction. Ninety-three fractions (83.7%) among 111
fractions were re-optimized. The reasons for re-optimization of
plans were insufficient target volume coverage (61%), OAR dose
violations (0.3%), both (20%), and others (2.4%). Online QA was
done for all adapted treatment plans. On average, the median duration of a SMART fraction was approximately 43.0 minutes (range
for all patients, 21.0 to 100.0 minutes). The median beam-on treatment delivery time was 19.0 minutes. The mean time for workflow
steps was as follows: set up 5.6 ± 1.7 minutes, low resolution
scanning 1.6 ± 0.9 minutes, high resolution scanning 2.6 ± 2.1
minutes, online contouring 6.9 ± 4.8 minutes, re-optimization
with online QA 4.1 ± 2.7 minutes, real-target 3.6 ± 6.1 minutes,
and beam delivery with gating 20.3 ± 8.0 minutes.
Median GTV volume was 7.1 mL (range, 1.0 to 24.7 mL) and median PTV volume was 14.1 mL (range, 2.9 to 38.6 mL). Intravenous
gadoxetate was used for seven patients (Fig. 1). Median PTV volume that was visualized by gadoxetate was 13.7 mL (median GTV,
7.1 mL) and for the lesions contoured without gadoxetate the median PTV volume was 14.5 mL (median GTV, 7 mL), the difference
was not significant statistically (p > 0.05). The median liver volume
was 1,296.1 mL (range, 927.5 to 2,131.0 mL). The median of mean
36

Table 2. Patients’ and treatment characteristics
Characteristic
Value
Sex
Male
8 (38)
Female
13 (62)
Age at treatment (yr)
62 (42–86)
Follow-up (mo)
11.6 (2.2–23.6)
Primary tumor
Colorectal
8 (38)
Breast
4 (19)
Lung
3 (14.3)
Stomach
3 (14.3)
Anal canal
1 (4.8)
Pancreas
1 (4.8)
Ovary
1 (4.8)
Total number of lesions treated
24
Total PTV dose (Gy)
50 (40–60)
Fractions
5 (3–8)
Fraction dose
10 (7.5–18)
Adapted fractions
93 (83.7)
EQD2 for α/β = 10 (Gy)
83.3 (60–126)
BED10 (Gy)
100 (72.0–151.2)
BED3 (Gy)
216.7 (146.7–378)
GTV (mL)
7.1 (1.0–24.7)
PTV (mL)
14.1 (2.9–38.6)
Overall treatment time for each fraction (min)
43.0 (21–100)
Values are presented as number (%) or median (range).
PTV, planning target volume; EQD2, 2 Gy equivalent dose; BED10, biologically equivalent doses with α/β = 10; BED3, biologically equivalent doses with α/β = 3; GTV, gross tumor volume.

A

B

C

D

Fig. 1. Axial MRIdian high-resolution breath-hold slices of a patient
after intravenous gadoxetate administration shows whitening of liver
parenchyma and better visualization of metastatic lesion (thick arrow), previous radiofrequency site (thin arrow), and vena cava inferior (dotted arrow) at (A) baseline, (B) 10 minutes, (C) 17 minutes, and
(D) 27 minutes.
https://doi.org/10.3857/roj.2020.00976
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liver doses was 5.1 Gy (range, 1.4 to 8.9 Gy). The distribution of
metastatic lesions according to liver segments were as follows:
segment IV (6 lesions), VII (6 lesions), V (4 lesions), VIII (4 lesions),
VI (2 lesions), and I and III (1 lesion in each). Eighteen patients were
treated at end-inhalation breath hold, two patients were treated at
end-exhalation breath hold and one patient was treated with free
breathing with gating due to non-compliance with the technique.
The median delivered total dose was 50 Gy (range, 40 to 60 Gy);
with a median fraction number of 5 (range, 3 to 8 fractions) and
the median fraction dose was 10 Gy (range, 7.5 to 18 Gy). The median EQD2 (2 Gy equivalent dose) was 83.3 Gy (range, 60 to 126
Gy) for α/β = 10. The median BED10 and BED3 (biologically equivalent doses with α/β = 10 and 3) were 100 Gy (range, 72.0 to 151.2
Gy) and 216.7 Gy (range, 146.7 to 378 Gy), respectively. Eighteen
(75%) out of 24 lesions were treated with BED10 doses of ≥ 100 Gy.
Overall mean survival was 23.4 months, median survival was not
reached at the time of this analysis. Estimated 1-year OS was
93.3% (Fig. 2A). Only one patient was dead at the time of analysis.
Progression was defined as intrahepatic and extrahepatic for this
cohort of oligometastatic patients. Response evaluation was made
by PET-CT in 17 patients (80.9%) and with contrasted upper abdominal diagnostic MRI in four patients. Although all of the patients had either complete (17 patients, 80.9%) or partial (4 patients, 19.1%) response at irradiated sites, new hepatic metastases
were accepted as intrahepatic progression. Intrahepatic PFS was
89.7% and 64.6% by Kaplan-Meier analysis at 1 year and 2 years,
respectively (Fig. 2B). Extrahepatic progression was recorded as
lung metastases in three patients, bone metastases in two patients,
brain metastases in one patient, skin metastases in one patient,
and supraclavicular lymph node metastases in one patient. While
all the patients had various systemic treatments, lung metastasis,

Discussion and Conclusion
We have presented our clinical experience for the treatment of liver metastases in oligometastatic patients using SMART. Oligometastases term was coined in 1995 by Hellman and Weichselbaum
[25] and was defined as “an intermediate state ( ≤ 5 metastases)
between limited primary and polymetastatic cancers in which curative strategies may be effective if all lesions are eradicated” [1]. A
randomized phase II international multi-institutional study SABR-COMET (stereotactic ablative radiotherapy for comprehensive
treatment of oligometastatic tumors) enrolled patients < 5 sites of
metastatic disease from any primary site (a maximum of three metastases in any one organ was allowed) and randomization was to
standard of care or standard of care plus SBRT to all disease sites
[26]. In SABR-COMET, 16 among 127 lesions in 66 patients of
SABR group were liver metastases and dose for treatment of liver
metastases was 45–60 Gy in 3–8 fractions. The use of SABR result-
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bone and brain metastases were treated with SBRT. Extrahepatic
PFS was 73.5% and 42.0% by Kaplan-Meier analysis at 1 year and
2 years, respectively (Fig. 2C).
All treatments were very well tolerated. Patients were followed
for the acute side effects during treatment and late toxicities after
treatment and the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0 was used to record toxicities. Grading
was reported as the maximum of any symptom. The most common
radiation induced acute toxicities were grade 1 fatigue (mild fatigue over baseline) and nausea (loss of appetite without alteration
in eating habits). With regard to acute and late toxicities, there
were no grade 3 or higher toxicities experienced during the treatment and follow-up course.
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Fig. 2. Kaplan-Meier curves of (A) overall survival, (B) intrahepatic progression-free survival, and (C) extrahepatic progression-free survival.
https://doi.org/10.3857/roj.2020.00976

37

Gamze Ugurluer et al.

ed in a significant improvement in OS (13 months) and the PFS was
doubled.
Inter- and intra-fractional motion of the lesion and OAR cause
many uncertainties and effects precise delivery of RT to liver lesions. Since most of the radiotherapy machines use kV images or
conebeam CT for IGRT, their soft tissue visualization is not enough
to track a liver metastasis. Therefore, almost all of the systems other than MR-Linac would need fiducial implementation to track tumors within the soft tissue as well as liver. And it is obvious that fiducial implementation is an invasive procedure with the risk of infection and also additional cost for the patient. MRgRT is the most
feasible modality which has the ability of directly imaging liver tumors and OAR altogether and tracking target structure(s) in real
time during delivery of RT. Tumors residing in the liver often have
highly mobile and radiosensitive OAR in the immediate vicinity
such as the bowel, duodenum and stomach thus requiring accurate
and continuous imaging. Small changes in these mobile structures
can result in violations of dose constraints to OAR, causing increased risk of potential toxicities. A few published series with limited number of patients now exist reporting the efficacy and utility
of MRgRT for liver tumors [20,21,27,28].
There are two articles published by Henke et al. [20,21] that
evaluated the benefits of adaptive MRgRT for upper abdomen malignancies and one of their studies included patients with liver lesions. In their phase I study, 50 Gy in 5 fractions were evaluated for
the treatment of metastatic or unresectable abdominal tumors and
there were five patients with metastatic liver tumors. Although all
of the dose constraints were met on initial RT planning, due to
changes in the anatomy, when this plan was applied to the anatomy of the day, dose constraint violations were identified in nearly
70% of fractions [20]. Overall, adaptation was performed in 87
(90%) out of 97 fractions. Ninety-three fractions (83.7%) among
111 fractions have been re-optimized in our study, as well.
In a retrospective study across three separate institutions 18 patients with liver metastasis were treated with MRgRT, their data
detailed the experience using this technology to treat liver tumors
with SBRT [27]. This study was characterized by a wide range of
prescription dose and volumes. No grade 4–5 toxicities were noticed, only two patients had grade 3 gastrointestinal toxicity. Local
control after a median follow-up of 21 months was 80.4%. Median
liver dose in this cohort was 12.7 Gy (range, 3.2 to 21.9 Gy) which
was 5.1 Gy (range, 1.4 to 8.9 Gy) in our study. But the patients
were treated with a cobalt-based system and moreover median PTV
volume was 98.2 mL (range, 13 to 2,034 mL) compared to our patients with a median PTV volume of 14 mL (range, 2.9 to 38.6 mL).
One of the patients with grade 3 gastrointestinal toxicity had a
large PTV size ( > 250 mL) and mean liver dose of 21.9 Gy (liv38

er-GTV).
In a study by Padgett et al. [28], online adaptive MR-guided SBRT
was compared with non-adaptive SBRT in 10 liver cancer patients
and daily re-optimization resulted in better coverage of target volumes and sparing of OAR. PTV dose escalation can be achieved by
MR-guided SBRT with OAR sparing as compared to non-adaptive
treatment modalities.
The MR-Linac is a new technology with unverified clinical outcomes. Real-time MR images are used both for patient alignment
as well as during RT for tracking. Radiation treatment and tracking
based on MR images confer clear advantages; such as target and
OAR delineation improvement with the better soft tissue visualization, better tracking with smaller margins, elimination or minimization of surrogates [10]. There is no imaging dose delivered to the
patients and tumor tracking is consistent with real-time visualization of both the tumor and nearby OAR. MRgRT uses no fiducials
that requires an invasive procedure for placement, which might
migrate before or during fractions, and the changing positions of
OAR cannot be visualized.
It is very well known that SBRT for liver metastases is a safe treatment with a very low risk of clinically important liver toxicity. This is
mainly due to lack of important organs around the liver parenchyma.
Bleeding and infection are unexpected side effects of SBRT in the literature. Main toxicity with liver SBRT can be radiation induced liver
disease. However, even this is a quite rare side effect if universally
accepted rules were followed during liver SBRT. Results of the
multi-Institutional Phase I/II Trial of Stereotactic Body Radiation
Therapy for Liver Metastases by Rusthoven et al. [8], which was published in 2009, revealed that, none of the patients who received
post-SBRT systemic therapy experienced high-grade radiation toxicity, and none who later received bevacizumab experienced bleeding
or thrombotic complications. There have been no instances of grade
4 or 5 toxicity. None of the seven patients who died before becoming
assessable for local control had any evidence of treatment-related
toxicity. Only, one instance of grade 3 soft tissue toxicity was observed. In a study by Barry et al. [29], it is reported that SBRT was
extremely well tolerated, with a very low risk of clinically important
toxicity (3/81), resulting in grade 3 nausea, vomiting, or gastritis in 3
individual patients within 1 month of treatment, all resolving by 3
months.
There was no grade 2 or higher classic or nonclassical RILD toxicity recorded within 3 months after SBRT. One patient developed
grade 4 platelet toxicity at 3 months after SBRT that was attributable to taking herbal remedies requiring a splenectomy. Authors
concluded that SBRT for liver metastases is a safe treatment with a
very low risk of clinically important liver toxicity. The nonclinical
grade 1 or 2 elevation of transaminases seen in the majority of pahttps://doi.org/10.3857/roj.2020.00976
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tients (61%) and a reduction in albumin levels (28%) occurring
within 3 months were more likely in patients with a higher effective liver volume and higher doses to the spared liver.
Moreover, we used gadoxetate which is a paramagnetic contrast
agent for seven patients for better tumor visualization during each
fraction of the treatment. Gadoxetate is metabolized partially by
hepatocytes and during the hepatobiliary phase distributes progressively into the hepatocytes and bile ducts, continuous visualization can be achieved, both primary liver tumors such as hepatocellular carcinoma and cholangiocarcinoma as well as metastases
can be visualized [23]. Gadoxetate can effectively be utilized for
patients with liver metastases during MRI-guided SBRT aiding tumor localization, reducing PTV margins, tumor tracking, and treatment gating. Gadoxetate for liver MRI has an excellent safety profile and in postmarketing surveillance database, only 0.026% over
2.2 million patient exposures resulted in any adverse event, and in
patients with impaired hepatic or renal function there was not any
increased incidence of side effects [30]. However, this data mainly
comes from diagnostic imaging and toxicity profile of consecutive
use of it during treatment is not known. Thus, we should be cautious while using SMART. Although we did not use gadoxetate for
follow up in our patients there are studies evaluating its use for
follow up in the literature. Excellent local tumor control has been
achieved with SBRT, but the targeting accuracy in real-life practice
remains poorly understood. In a study by Jung et al. [31], they proposed an in vivo assessment of targeting accuracy using hepatic
parenchymal changes observed on gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid (Gd-EOBDTPA) enhanced MR images
and applied this method to investigate the “real-life” targeting accuracy of image-guided SBRT. They concluded that the hepatic parenchymal changes observed on Gd-EOB-DTPA-enhanced MR images can be used to assess the targeting accuracy after SBRT for
HCC. In order to evaluate the relationship between the dose to the
liver parenchyma and focal liver reaction (FLR) after SABR, a novel
method using a three-dimensional dose distribution and change in
signal intensity of Gd-EOB-DTPA-enhanced MRI hepatobiliary
phase images was suggested. This method was capable of providing a quantitative evaluation of the relationship between dose and
intensity changes on follow-up MR, as well as determining individual dose for developing FLR [32].
To our knowledge, our series have the largest number of patients
with liver metastases in oligometastatic disease treated with
SMART in the literature. Our study has following limitations; retrospective nature, short follow up time, heterogenous group of primary diagnosis and use of different treatment doses. Strengths of
our study are; beside the largest reported number of patients treated with SMART, staging and response evaluation of most of our
https://doi.org/10.3857/roj.2020.00976

patients were made using PET-CT without late radiation induced
liver toxicity at last follow-up.
In conclusion, SMART represents a new, non-invasive and efficacious alternative to current modalities for treatment of liver metastases. It has the potential to change the management in many patients unsuitable for other treatment approaches. This technology
has some advantages when compared to other radiotherapy techniques as well, due to its better visualization of soft tissue, real-time tumor tracking without invasive placement of fiducial
markers and potentially reduced toxicity to OAR. Longer follow-up
and prospective randomized studies which compare this technique
to other modalities are warranted.
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Purpose: The aim of this study is to evaluate the treatment responses of Kaposi sarcoma patients
treated with radiotherapy (RT).
Materials and Methods: The data of 18 patients (40 different regions) who were treated for Kaposi
sarcoma in Department of the Radiation Oncology, Ankara City Hospital, Turkey between March 23,
2010 to February 13, 2018 were evaluated retrospectively. The primary endpoint of the study was the
clinical-subjective response after RT, and the secondary endpoint was the visual response assessment
after RT.
Results: In evaluating the patients’ reported response of the lesions: 25 (62.5%) of complete response
(CR), 12 (30%) of partial response (PR), and stable response was seen in 3 patients (7.5%). Patient reported response after RT was significantly higher in male sex (p = 0.002; odds ratio [OR] = 13.8, 95%
confidence interval [CI], 2.7–70.0). Physician reported response rates were available for 28 lesions and
CR was detected in 12 lesions (30%); PR was observed in 16 (40%). The relationship between physician reported outcome and RT techniques (electron, bolus, or water bolus) is close to the limit of statically significance (p = 0.052). Fewer lesions disappeared in patients with photon preference than
electrons (p = 0.036; OR = 0.093; 95% CI, 0.009–0.950). Patients’ reported complete response rates
were significantly higher in the 20 Gy per 5 fractions treatment arm (p = 0.042; OR = 1.75; 95% CI,
1.1–2.7).
Conclusion: RT is an effective local treatment with high response rates in the treatment of Kaposi
sarcoma. The subjective-clinical response rate was higher in male sex and the visual response was
higher in the 20 Gy per 5 fractions arm. Additional studies are needed to standardize RT dose and
techniques.
Keywords: Kaposi sarcoma, Radiotherapy, Palliative therapy

Introduction
Kaposi sarcoma (KS) is an angio-proliferative malignant neoplasm
of lymphatic endothelial origin which was described by Moritz Kaposi in 1872 [1,2]. Although there are four main subtypes, classic
Kaposi sarcoma (CKS) is the most common in the Mediterranean
region. Other subtypes are endemic (African), epidemic (human immunodeficiency virus [HIV]-related) and iatrogenic KS. The male

dominance is observed in CKS, most located in the lower extremity,
and has a better prognosis than other types [3,4]. Radiotherapy (RT)
is an effective treatment in all subtypes [5].
RT is an effective local treatment which is frequently preferred in
palliative treatment of KS [1]. KS is radiosensitive and response
rates to treatment are reported as high as 70%–95% [6]. Akmansu
et al. [1] reported that complete response rates were 86.7% at 6th
months and 93.3% at 12th months control. In the study of Kandaz
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et al. [7], 89%–91% CR was obtained. However, there is no accepted standard practice in terms of RT dose and technique. The electrons or low energy photon is generally used in the treatments and
8 Gy per 1 fraction, 30 Gy per 10–15 fractions, 20 Gy per 4–5 fractions doses are frequently preferred [1,3,4].
In this study, we aimed to investigate the treatment response
and visual response of the lesion in patients with KS who underwent extremity RT for palliative purposes.

Materials and Methods
The data of 18 patients (40 different regions) who were treated
with KS in Ankara City Hospital between March 23, 2010 to February 13, 2018 were evaluated retrospectively. The patient interview
information, patient files, and electronic system data were used for
the study. The patients’ demographic status, initial complaint, RT
dose administered, field information, treatment responses and final
status were noted. The primary endpoint of the study was to assess
whether patients had adequate palliation (patients’ reported outcomes after RT) on their complaints. Clinicians were asked to patients at first control after RT “If the first complaints before RT are
10, how many do you consider now?” The answers given by the patients were noted. In addition, visual response evaluation was performed at the post-treatment 30–45 days controls and visual analysis of the final lesion (physician reported outcomes after RT) was
determined as the secondary endpoint. Adult patients with KS who
underwent RT in our clinic and whose information was fully available were included in the study. Patients with missing files and follow-up information were excluded from the study. The study was
conducted in accordance with the Helsinki Declaration, which was
approved by the Ethics Committee of Ankara City Hospital in November 2019 (No. E1/056/2019). The informed consent was waived.

1. RT Technique
The treatments were applied by using synergy device with electron
and 6-MV photon. RT technique and energy preference were dependent to the size of the lesion and the choice of treating physician. In electron treatments, the RT area was determined between
5–15 cm according to lesion size and 0.5–1 cm plexiglass tissue
equivalent material was used as bolus. In accordance with the literature [1,4,7], 1 1.5–2 cm margin was determined to each lesion.
The 6 MV energy was used in photon treatments. The extremity
was placed into the water support to cover the lesion and irradiation was performed from the opposite lateral fields. RT dose and
technical details are summarized in Tables 1 and 2.
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Table 1. Patient demographics and treatment details
Characteristic
Sex
Male
Female
RT site
Left lower distal extremity
Right lower distal extremity
Left hand
Right hand
Left upper distal extremity
Complaint
Edema
Pain
Pruritis
Bleeding
Number of RT site
One
Two
Three
Five
RT clinical response
CR
PR
Stable
RT visual response
CR
PR
Not evaluated
RT doses
6 Gy/1 fx
7 Gy/1 fx
8 Gy/1 fx
20 Gy/5 fx
27 Gy/9 fx
30 Gy/10 fx
32.5 Gy/9 fx
RT techniques
Water bolus
Plexiglass
Electron
Last status
Ex
Alive
RT
Photons
Electrons

Number of patients (%)
11 (61.1)
7 (38.9)
15 (37.5)
14 (35)
4 (10)
4 (10)
3 (7.5)
20 (50)
16 (40)
6 (15)
4 (10)
3 (16.6)
10 (66.6)
1 (5.5)
2 (11.1)
24 (60)
13 (32.5)
3 (7.5)
13 (32.5)
16 (40)
11 (27.5)
1 (2.6)
2 (5.1)
19 (46.2)
5 (12.8)
2 (5.1)
9 (23.1)
2 (5.1)
28 (65.7)
2 (7.5)
10 (2.5)
5 (27.8)
13 (72.2)
30 (75)
10 (25)

RT, radiotherapy; CR, complete response; PR, partial response.
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Table 2. Patients’ details
Case no.
1

KS type
Classic

Age at the time of RT (yr)
74

Sex
Female

2

Classic

57

Female

3

Classic

82

Male

4

Classic

78

Male

5
6

Classic
Classic

80
74

Female
Female

7
8
9

Classic
Classic
Classic

67
84
67

Female
Female
Male

10

Classic

69

Male

11

Classic

78

Male

12

Classic

79

Male

13

Classic

71

Female

14

Classic

78

Male

15

Classic

80

Male

16

Classic

81

Male

17

Classic

67

Male

18

Classic

52

Male

RT site
RLDE
LLDE
RLDE
LLDE
RLDE
LLDE
RLDE
LLDE
LLDE
RLDE
LLDE
LUDE
RLDE
LUDE
LLDE
RH
RLDE
LH
RLDE
LLDE
LH
LLDE
RLDE
LLDE
RH
LH
RLDE
RLDE
LLDE
LUDE
LLDE
RLDE
RH
RH
RLDE
LLDE
LLDE
LH
RLDE
LLDE

Complaint (most obvious) Clinical response Visual response
Pain
PR
NE
Pain
PR
NE
Bleeding
PR
PR
Bleeding
PR
PR
Edema
PR
NE
Edema
PR
NE
Pain
CR
CR
Pain
CR
CR
Pain
CR
CR
Pruritis
CR
CR
Pruritis
CR
CR
Pain
PR
PR
Edema
Stable
PR
Edema
PR
NE
Edema
CR
CR
Edema
Stable
PR
Edema
CR
PR
Edema
CR
PR
Bleeding
CR
CR
Bleeding
CR
CR
Pain
CR
CR
Pain
PR
PR
Pruritis
CR
NE
Pruritis
CR
PR
Edema
PR
NE
Edema
Stable
PR
Edema
PR
PR
Edema
CR
NE
Edema
CR
PR
Edema
CR
NE
Edema
CR
CR
Edema
CR
CR
Edema
CR
CR
Edema
CR
CR
Pain
CR
NE
Pain
CR
NE
Edema
PR
PR
Edema
PR
PR
Pruritis
CR
PR
Pruritis
CR
PR

KS, Kaposi sarcoma; RT, radiotherapy; RLDE, right lower distal extremity, LLDE, left lower distal extremity; LUDE, left upper distal extremity; RH, right
hand; LH, left hand; NE, not evaluated; CR, complete response; PR, partial response.

2. Statistics
The SPSS version 26 (IBM, Armonk, NY, USA) were used. The suitability of the variables to the normal distribution was evaluated by
visual-analysis methods and non-parametric tests were used since
it was observed that they did not fit the normal distribution. Chihttps://doi.org/10.3857/roj.2020.00885

square and Fisher exact tests were used to determine the demographic characteristics of the patients. The Cox regression test was
used in multivariate analysis. Odds ratio and 95% confidence interval values noted if the results were significantly difference.
Mann-Whitney U test was used for independent statistical analysis
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of two groups and Kruskal-Wallis test was used for three and more
independent groups. Statistically significant limit was accepted as
less than 0.05.

Results
The 18 patients (40 different regions) that RT was applied between
March 23, 2010 to February 13, 2018 were evaluated. The median
age of the patients was 76 years (range, 52 to 84 years). Eleven
(61.1%) of the patients were male and 7 (38.9%) were women. RT
was applied to left lower distal extremity in 15 (37.5%) and to
right lower distal extremity in 14 (35%); 4 (10%) in left hand, 4
(10%) in right hand, 3 (7.5%) located in the upper left distal extremity. Clinicians asked to patients about their most disturbing
complaints and minimum one complaint maximum three complaints were noted. The most common RT presentation sign was
edema (50%) and pain (40%). The median RT area of the patients
was 2 (range, 1 to 5).
There were two lesions that had been treated with RT at the
outer center and had recurrent lesions at the same site and 6 Gy
per 1 fraction and 7 Gy per 1 fraction doses were given. The most
common treatment protocol was 8 Gy per 1 fraction and was administered to 18 (46.2%) patients. The electron was applied to 10
(25%) and photon was applied to 30 (75%) of the lesions. The median follow-up period was 36 months (range, 3 to 116 months).

1. Clinical-subjective response analysis after RT
In the post-RT controls (patients’ reported response after RT-when
the patient’s complaint was asked) no patient showed progression.
The complete response (CR; defined as 90% or more reduction in
complaints) [1,4,8] was observed in 24 (60%) of the 40 lesions in
total. Partial response (PR; although there is a decrease in complaints, the complaints continue) [1,4,8] was observed in 13
(32.5%) patients and stable response was seen in 3 (7.5%) patients.
The patients were analyzed as those aged under 65 years versus
over 65 years. The relationship between age and patients’ reported
outcome was not statistically significant (p = 0.59), but only four
patients were younger than 65 years. There was no significant relationship between the area receiving RT and clinical outcomes (p =

0.14). In addition, initial complaint (p = 0.29), RT techniques (electron, bolus, or water bolus) (p = 0.62), electron or photon preference (p = 0.35), RT total dose (p = 0.85), RT fraction dose (p =
0.13), RT site (p =0.07), and number of RT site (p = 0.61) did not
significantly affect the results. The difference between patient reported response and the three most used doses of 8 Gy per 1 fractions versus 20 Gy per 5 fractions versus 30 Gy per 10 fractions was
not significant (p = 0.52). In the result of the Cox regression analysis of the relationship between RT clinical response and sex, CR was
found to be significantly higher in male sex (p = 0.004; odds ratio
[OR] = 12.5; 95% confidence interval [CI], 2.5–70) (Table 3).

2. Physician reported response analysis after RT
The notes of the clinician’s visual evaluation of the lesions were
present in the file for 29 lesions and not for the 11 lesions. According to the clinician examination, CR-disappearance in 13 (32.5%)
lesions; in 16 (40%), lesion regression was observed.
The relationship between age and visual outcome was not statistically significant (p = 0.17), but only four patients were younger than 65 years. There was also no significant relationship between the RT area and visual results (p = 0.64), the initial complaint (p = 0.77), sex (p = 0.21), RT fraction doses (p = 0.17), RT
site (p = 0.063), and number of RT site (p = 0.72).
The relationship between the visual results obtained by the clinician at 1 month after RT and the RT techniques (electron, bolus, or
water bolus) is close to the limit of statically significance (p =
0.056). The difference may become significant if the number of patients increases (Table 4).
The preferred energy was the electron vs photon, which significantly affected the results of the physicians’ reported responses.
According to the Cox regression analysis, fewer lesions disappeared
in patients with photon preference (p = 0.036; OR = 0.093; 95%
CI, 0.009–0.950) (Table 4).
The difference between the three most used doses and the visual
results was significant in favor of 20 Gy per 5 fractions, with a
higher rate of CR in the 20 Gy receiving arm (p = 0.042; OR =
1.75; 95% CI, 1.1–2.7) (Table 4).

Table 3. Sex and clinic response analysis
RT/patients’ reported response (for each lesions)
CR
PR
Stable
Sex
Female
Male

3 (27.2)
22 (75.8)

6 (54.5)
6 (20.6)

p-value

OR (95% CI)

0.004

12.5 (2.5–70.0)

2 (18.1)
1 (3.4)

Values are presented as number (%).
RT, radiotherapy; CR, complete response; PR, partial response; OR, odds ratio; CI, confidence interval.
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Table 4. RT technique, energy, schemas, and visual response analysis
RT visual response (for each lesions)
CR
PR
RT technique
Water nolus
Bolus (plexiglass)
Electron–No bolus
RT energy
Electrons
Photons
RT schemas
30 Gy per 10 fx
20 Gy per 5 fx
8 Gy per 1 fx

6 (31.5)
2 (100)
5 (83.3)

13 (68.5)
0 (0)
1 (16.7)

5 (83.3)
7 (31.8)

1 (16.7)
15 (68.2)

0 (0)
3 (75.0)
7 (46.7)

p-value

OR (95% CI)

0.056

-

0.036

0.093 (0.009–0.950)

0.050

1.750 (1.100–2.700)

6 (100)
1 (25.0)
8 (53.3)

Values are presented as number (%).
RT, radiotherapy; CR, complete response; PR, partial response; OR, odds ratio; CI, confidence interval.

Discussion and Conclusion
In the current study, the results of RT applied to 40 lesions of 18
patients were presented. Patient reported CR was observed in 24
(60%) of the lesions where RT was applied. PR was observed in 13
(32.5%) patients and stable response was seen in 3 (7.5%) patients.
Subjective regression in complaints was significantly higher in male
sex. The clinician’s visual evaluation of the lesions revealed CR-disappearance in 13 (32.5%) lesions; in 16 (40%), lesion regression
was observed. Clinician-noted CR rates were significantly higher in
patients with electron preferred and using 20 Gy per 5 fractions
schema.
KS is more frequently observed in men [9,10]. The current data
are available on the relationship of high incidence with androgen
receptors [11,12]. Despite the high incidence in men, limited data
are available on the gender-treatment response. Phipps et al. [13]
conducted a study on gender in their study on 197 epidemic KS in
2010. According to the study [13], significantly lower CD4 T cells
were reported in women compared to men. In females, lesions were
more frequently located on the face and hard palate, whereas in
males more in lower extremity. The clinical improvementwas lower
in women in multivariate analysis (hazard ratio [HR] = 0.52; 95%
CI, 0.31–088; p = 0.01) [13]. In many pioneering RT studies on this
subject, the relationship between gender and RT-results has not
been analyzed [1,4,8]. In our study, the patient reported response
rate in men was significantly higher than in women.
The main indications for palliative RT are bleeding, pain, pruritus,
and edema [14]. KS is a radiosensitive tumor and there is a high
response rate in the literature [1,6] for palliative purposes [6]. In a
study by Tsao et al. [15], the clinical response rate was 87% (CR =
30%, PR = 57%). In the study of Yildız et al. [8], the clinical rehttps://doi.org/10.3857/roj.2020.00885

sponse rate was 93%. In a study of 18 HIV-related KS patients by
Donato et al. [5], 83.3% CR was obtained in patients. In the current
study, 92.5% (CR + PR) subjective response was consistent with
the literature. Palliation was achieved in more than 90% of our patients.
In this study, the patient’s complaint (except pain and itching
bleeding) was evaluated by the clinician in the appearance of pigmented lesion. There are few studies evaluating the pigmented lesion by the clinician. In the study of Stelzer and Griffin [16], this
rate is around 50%. In the study of Harrison et al. [17], loss of pigmented lesion was reported as high as 78.8%. In our study, CR-disappearance in 13 (32.5%) lesions; in 16 (40%), lesion partial regression was observed.
KS often presents as a multicentric lesion [6]. In our study, the
median RT area of the patients was 1 (range, 1 to 5) and all the RT
areas are on extremity localization. Extremities are irregular surfaces and bolus materials have been used for a long time to ensure
homogeneous dose distribution [18]. In our study, water bolus, tissue equivalent 0.5–1 cm thick bolus material, and electron irradiation without bolus were performed. CR was observed in 2 (100%)
patients using tissue equivalent-plexiglass material. While 83.3%
CR was observed in electron without bolus application, this ratio
decreased to 31.5% in water bolus (p = 0.056). The difference is
close to statistically significant. Statically significant results can be
obtained in studies with more patients and can be seen a lower visual response in treatment with water bolus.
In the literature [1,5,8], different results were obtained in the
main studies evaluating the relationship between dose-response
and overall response rates were high in all arms. Harrison et al. [17]
were compared 16 Gy per 4 fractions versus 8 Gy per 1 fraction
doses prospectively; there was no significant difference between
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the two doses in terms of response. In the study of Stelzer et al.
[16], 8 Gy per 1 fraction versus 20 Gy per 10 fractions versus 40 Gy
per 20 fractions were compared, and a significantly higher CR was
observed in fractionated treatments. In a study by Sing et al. [19],
24 Gy per 12 fractions and 20 Gy per 5 fractions were prospectively
randomized and no significant difference was observed in terms of
treatment response or side effects. In the study of Oysul et al. [20]
evaluating 18 CKS patients, higher CR was reported at doses of 20
Gy and above. In the study of Kandaz et al. [7], CR was 91.6% in
treatments over 20 Gy, while this value was reported as 89.6% in
the 8 Gy per 1 fraction arm. In summary, although fractional therapies with a dose of 20 Gy or higher are associated with higher CR,
overall treatment responses are high for all treatment arms. In our
study, the three most used doses were 8 Gy per 1 fraction versus
20 Gy per 5 fractions versus 30 Gy per 10 fractions, and the difference between clinical responses was not significant (p = 0.52).
However, the difference between the three most used doses and
the visual results was significant in favor of 20 Gy per 5 fractions,
with a higher rate of CR in the 20 Gy receiving arm (p = 0.042; OR
= 1.75; 95% CI, 1.1–2.7).
There are some weaknesses of the study. First of all, the study is
retrospective and single-centered. Patients’ previous surgical or
systemic treatment details and responses could not be analyzed
because they were not noted. In our study, extremity irradiation
was evaluated, and facial or oral irradiation was not performed in
our clinic. There are no acute and late side effect data for RT. However, in our study, the lesion analysis of the clinician was also evaluated in addition to palliation of the patient’s presenting complaint. In addition, different RT techniques were analyzed.
In conclusion, RT is an effective local treatment and high response rates in the treatment of KS. The subjective response rate
was higher in male sex, whereas visual response was higher in
electron treatments and 20 Gy per 5 fractions scheme. Additional
studies are needed to make RT dose and techniques standard.
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Purpose: The integration of large-scale gene data and their functional analysis needs the effective
application of various computational tools. Here we attempted to unravel the biological processes
and cellular pathways in response to ionizing radiation using a systems biology approach.
Materials and Methods: Analysis of gene ontology shows that 80, 42, 25, and 35 genes have roles in
the biological process, molecular function, the cellular process, and immune system pathways, respectively. Therefore, our study emphasizes gene/protein network analysis on various differentially
expressed genes (DEGs) to reveal the interactions between those proteins and their functional contribution upon radiation exposure.
Results: A gene/protein interaction network was constructed, which comprises 79 interactors with
718 interactions and TP53, MAPK8, MAPK1, CASP3, MAPK14, ATM, NOTCH1, VEGFA, SIRT1, and PRKDC are the top 10 proteins in the network with high betweenness centrality values. Further, molecular
complex detection was used to cluster these associated partners in the network, which produced
three effective clusters based on the Molecular Complex Detection (MCODE) score. Interestingly, we
found a high functional similarity from the associated genes/proteins in the network with known radiation response genes.
Conclusion: This network-based approach on DEGs of human lymphocytes upon response to ionizing
radiation provides clues for an opportunity to improve therapeutic efficacy.
Keywords: Lymphocytes, Radiation, TP53, Protein-protein interaction, GO enrichment

Introduction
Ionizing radiation is harmful to human beings when it interacts
with biomolecules and produces reversible and irreversible damages in the cell. The exposed individual’s changes or effects mainly
depend on high and low linear energy transfer (LET). The high-LET
radiations are mostly particle-based such as, alpha, beta and proton, which have more damaging effects on living cells [1]. Simultaneously, the low-LET radiation (X and γ-rays) are frequently used
terminologies in the radiation biology area because many researches have been carried out to study the biological effects [2,3]. Ioniz-

ing radiation-induced cellular response mainly depends on physical
factors (dose rate and dose) and biological factors (type of cell and
genotype) [4]. Radiation is a two-edged sword: it could reduce tumors and induce tumors and skin irritation. Despite its possible
hazards, the abundant use of radiation in medicine, especially in
diagnosis and treatment, has inspired decades of studies intended
to understand the mechanisms of response. The use of radiation in
medical diagnostics is now drastically increased for diagnosis and
screening, which also causes adverse effects on a human being [5].
Upon cellular exposure to ionizing radiation exposure involves
registering daily counts of different cell types circulating in the pe-
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ripheral blood, the extent and duration of the decline and subsequent recovery have been shown to correlate well with dose [6].
Moreover, there are other indicators like chromosomes [7], changes
in enzyme, gene expression [8], proteins [9], and metabolic intermediates [10] are developed to date. Out of which cytogenetic indicators are widely used for estimating the dose in accidental and
suspected overexposures individuals. There are several methods as
cytogenetic indicators to assess the absorbed dose like dicentric [7],
micronucleus assay [11], γ-H2AX [12], premature chromosome
condensation [13].
Nowadays, investigations aim to interpret the molecular events
that underlie the initiation and development of the damages that
are primarily directed towards the profiling of biomolecules that
contribute to changes in cellular function and ultimately lead to irreversible damages. In the last decade, a swift extension of omics
studies related to genomics [14], transcriptomics [15], proteomics
[16], and metabolomics [17] in radiation research. In DNA damage
induced by ionizing radiation and ultraviolet (UV) radiation, the involvement of around 10,000 genes response is reported [18]. Rieger
et al., [19] reported radiation responses by transcriptional analysis
in radiotherapy associated toxicity and established 20 ionizing radiation and 4 UV radiation-responsive genes. Systems biology
modeling has been used to better understand radiosensitivity by
identifying novel radiation-specific biomarkers [20]. A gene regulatory network provides simplified illustrations and an easy understanding of biological processes in an organism under given circumstances [21]. For interpretation of gene regulatory network,
many numbers of approaches have been proposed. However, it remains a major challenging problem in systems biology [22].
In recent years, the interest in identifying radio-responsive genes
across the whole genome is of great importance. There are minimal
studies on the pathway and functional enrichment analysis on radio-responsive genes. Screening of the interacting proteins which
dynamically contribute to radio-responsive gene pathways with
similar or identical functions would be more significant. The approach of network-based analysis is a proper method in demonstrating complex biological systems [23]. Here, we employed computational techniques to model gene/protein interaction in human
lymphocytes induced upon radiation exposure. The protein-protein
interactions (PPIs) are the key factors that demonstrate complex
interplay crucial for the cell to survive even after the external stress
and hence considered one of the essential strategies for drug target
identification. In the present work, we utilized a systems biology
approach to identify the essential protein involved in regulating
major biological pathways, which are upregulated when the cell is
exposed to radiation.

https://doi.org/10.3857/roj.2021.00045

Materials and Methods
1. Identification of differentially expressed genes (DEGs)
radio-responsive genes from human
The radio-responsive genes across the Homo sapiens were collected
from the NCBI database (https://www.ncbi.nlm.nih.gov/). The keywords used for the search are “Differentially expressed genes” AND
“Ionizing radiation-induced cell damage” AND “Homo sapiens”
AND “Lymphocytes.” The entire set of data consisting of 83 genes
was retrieved for further analysis (Supplementary Table S1).

2. Construction of PPI network
The PPI network consisting of all the proteins/genes and all the
neighbor interactions between them was generated for a given set
of gene/proteins using STRING database (http://string-db.org/) [24].
First, based on the seed proteins interaction network was constructed associated with human proteins. These interactions were
derived based on sources: text mining, experiments, databases,
co-expression, neighborhood, gene fusion and co-occurrence with
a high confidence level of 0.7. Later, the number of interactions
was increased by customizing the maximum number of interactions to 200. Cystoscope 3.3.0 [25] was used to visualize the network to calculate the properties of the nodes and perform measurements under default parameters.

3. Topological analysis of PPI network
Several topological measures like degree (k), betweenness centrality (BC), eccentricity, closeness centrality (CC), eigenvector centrality
(EC), and clustering coefficient were adopted to evaluate nodes of
the PPI network [23,26]. From the extensive network, the hub or
bottleneck protein was deducted by measuring the degree (k) and
betweenness centrality (BC), where “degree” defines the number of
edges linked to the node. The hub protein in a network is the node
with maximum neighbors and is determined with a high degree.
The BC of the node is defined as the proportion of the number of
shortest paths passing through the node to the number of all the
shortest paths. A node with high BC has a significant influence on
the network’s influx and has more control over the network. It can
represent the bottleneck in the network. The node’s score in question is contributed by the maximum connections it has, and this
concept is used in scoring the EC of all the nodes in the network
[27].
The connections to high-scoring nodes contribute more to the
node’s score in question than parallel connections to low-scoring
nodes, and the EC score was assigned to all nodes in the network
based on the above concept. The distribution of edges to all possible edges with neighbors defines the clustering coefficient, which
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quantifies the closeness among its neighbors. The centrality of the
network is measured on the parameters, like eccentricity and CC,
that define the maximum distance of a node to all other nodes. A
node with lower eccentricity or higher CC is closer to the other
nodes and more central. Each node in the network represents a
protein and the edge denotes the dynamic interaction between the
nodes (proteins). This molecular organization of all the differentially connected nodes is visualized as a network. The input and output
values of the node are received as mathematical functions [28].

4. Creation of the backbone network of the PPI
The proteins with high BC values are usually thought to be the
bottleneck and considered to control the information flow in the
transportation network. The critical node in the network with a
high BC value is set at 15% of the total nodes [29,30]. This parameter of BC value and links between the proteins was used to create
a backbone network.

5. Identification of densely connected regions (clusters)
in the PPI network
The biological network comprising a diverse variety of biological
processes is contributed by several subnetworks or functional modules (cluster of proteins). These modules will influence on specific
functionality of participating nodes, even which have no impact on
the core network [31]. The global network was subjected to cluster
analysis to identify densely connected regions in the network using
the Molecular Complex Detection (MCODE) 4.1, a plug-in for Cytoscape. This approach detects dense and connected regions by weighting nodes based on their local neighborhood density [32]. This method weights a vector by local neighborhood density, chooses a few
seeds with high weights and isolates the dense regions according to
given parameters. All the parameters such as degree threshold, node
score threshold, k-core threshold, and max depth of network were
kept regular at 2, 0.2, 4, and 100, respectively. To ensure that MCODE
is not unduly affected by the expected high false-positive rate in
large-scale interaction data set of whole networks. The k-core is a
subgraph in which each vertex has a degree of at least k. The highest
k-core of a graph is the most densely connected subgraph.

6. Functional enrichment analysis
A comprehensive analysis and visualization of a functionally enriched set of genes were performed using ClueGO [33], a Cytoscape
plug-in that enormously improves the biological interpretation of
large lists of genes. A functionally organized GO/pathway term
network was created by integrating gene ontology (GO) terms and
KEGG (Kyoto Encyclopedia of Genes and Genome)/BioCarta pathways. We considered the first neighbors of the hub protein S-gly50

coprotein for the functional enrichment analysis. A total of 76
neighbors were found to interact with the S-glycoprotein. Parameters specified for protein/gene list enrichment analysis, with statistical test-enrichment/depletion (two-side hypergeometric test),
correlation test-Bonferroni step down, Min GO level-3, Max GO
level-8, Kappa score threshold-0.4, GO fusion-false, GO group-true,
and p ≤ 0.05.

7. Pathway enrichment analysis
ShinyGO [34] is an intuitive, graphical tool for enrichment analysis
for investigators to understand the biological meaning behind a
large list of genes, and the KEGG database [35] was used in this
study. Parameters specified for protein/gene list enrichment analysis such as KEGG analysis; reference set, Homo sapiens genome;
the minimum number of genes was set to “30”; and significance
level (p = 0.05).

Results
We constructed a gene network on 83 DEGs and evaluated the
functional enrichment of functional partners using ClueGO and
ShinyGO with the p-value of < 0.05 of ionizing radiation-induced
cell damages in humans.

1. PPI network of DEGs
The PPI was depicted by assembling the ionizing radiation-induced
damage associated with a human using the STRING database,
which returned interactions for 79 DEGs out of 83 unique genes
(Fig. 1). The number of edges connected to a designated node is
high degree, implying the protein’s significance in the biological interactions. The PPI network’s classical character is that it is characterized by a small number of highly connected nodes and the other
nodes with only a few connections.

2. Network topology analysis
Network Analyzer v.3.3.1 was employed to evaluate the confidence
of the core interactome, using Power law fit of the form y = axb.
Power law uses the least square method to some topological parameters and considers points with positive coordinate values for
the fit. The BC, CC, and topology correlation coefficient scores
0.823, 0.200, and 0.25, respectively, were considered as network
topology parameters. Additionally, the neighborhood connectivity
( = 0.546) and shortest path length distribution were also considered for analysis. These various topological parameters considered
for the network generation by using the above cut-off values were
graphically plotted (Supplementary Fig. S1). The extended global
network topological measures of two PPI networks, i.e., giant or
https://doi.org/10.3857/roj.2021.00045
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Fig. 1. Extended interactome construction of radiation induced differentially expressed genes network from human lymphocytes showing 83
nodes and 718 edges.

core network and backbone or subnetwork, were represented in
Table 1. Therefore, the biological process is essentially regulated by
the bottleneck node in the interactome.
The subnetwork was constructed from 78 nodes with high BC values, the size of which corresponds to their BC value and 710 links
between them (Fig. 2). The TP53 was identified as the hub protein
having the highest BC value of 0.0756 with the most significant degree of 13 in the subnetwork. This hub protein has nine other neighbors sharing a little less with BC, degree, and CC (Table 2). Out of 79
nodes of the network, the top 10 nodes with high BC values are
projected as crucial nodes, such as TP53, MAPK8, MAPK1, CASP3,
MAPK14, ATM, NOTCH1, VEGFA, SIRT1, and PRKDC. To distinguish
these nodes in the network and their roles, they were highlighted
with different colors (Fig. 2).

3. Key nodes in the PPI network
To predict and study the key nodes or hub proteins of the giant
network, topological parameters have been calculated with Network Analyzer v3.3.1. Three topological properties are essential to
find out the key nodes of any network. Therefore, after getting the
giant network, according to each distinct attribute, each node’s BC
value has to be measured and a comparison can be made to find
out the ascending order of the BC values. The nodes with a large
degree or high BC are considered as the key nodes in the network.
These key nodes are based on the critical point of large degree and
high BC, which is set as 15% of the network’s total nodes set. The
nodes with large BC (Table 3) and large degree (Table 4) are crucial
https://doi.org/10.3857/roj.2021.00045

Table 1. Extended network topological measures of two protein-protein interaction networks
Network parameter
Number of nodes/edges
Clustering coefficient
Average number of neighbours
Network density
Shortest path
Characteristic path length

Giant network
(core network)
79/718
0.304
18.117
5
2,325 (37%)
1.857

Subnetwork
78/710
0.306
18.205
5
2,272 (37%)
1.865

in the backbone network.
After calculation, eleven proteins have been selected by their
large BC value for a backbone network. The total number of nodes
in the giant network is 79 (fusion); among them, 11 proteins with
high BC value have been chosen, which are TP53, AKT1, MAPK8,
MAPK1, VEGFA, ATM, IL6, MAPK3, STAT3, CASP3, and PTEN to form
backbone network (Fig. 3).

4. Crosstalk between the high BC nodes in the network
and signaling pathway derived from the backbone
network
The backbone network consists of 11 high BC nodes, which corresponds to their BC value and the 55 links between them (Fig. 3).
Without calculating BC and CC values, we can find out that TP53 is
located at the center of the backbone network with the highest BC
value and the largest degree. TP53 has 10 first neighbors: AKT1,
MAPK8, MAPK1, VEGFA, ATM, IL6, MAPK3, STAT3, CASP3, and
51

Tamizh Selvan Gnana Sekaran et al.

Fig. 2. Subnetwork showing top 10 proteins. The subnetwork consisted of 302 nodes and 5,025 edges. Key nodes in the network are highlighted
in different colours. The color of the nodes corresponds to their betweenness centrality (BC) and degree (D): red denotes node as hub or node
with high BC and D; orange showing second rank hub node; and yellow showing node with low BC and D.
Table 2. Proteins in the subnetwork showing the hub protein based on the degree and BC
Label
01
02
03
04
05
06
07
08
09
10

Name
TP53
MAPK8
MAPK1
CASP3
MAPK14
ATM
NOTCH1
VEGFA
SIRT1
PRKDC

Description
Cellular tumor antigen p53
Mitogen-activated protein kinase 8
Mitogen-activated protein kinase 1
Caspase-3
Mitogen-activated protein kinase 14
Serine-protein kinase ATM
Neurogenic locus notch homolog protein 1
Vascular endothelial growth factor A
NAD-dependent protein deacetylase sirtuin-1
DNA-dependent protein kinase catalytic subunit

Degree
13
8
7
4
3
3
3
2
2
2

BC
0.07561079
0.02378814
0
0.01520505
0.0061425
0.01223991
0.00897709
0.0087469
0
0.00456992

CC
0.8125
0.74666667
0
0.64
0.85714286
0.51724138
0.56862745
0.64655172
0
0.48051948

BC, betweenness centrality; CC, closeness centrality.

PTEN. These proteins are also critically involved in important biological processes like histone deacetylation regulation, regulation
of cytochrome C release from mitochondria, and regulation of telomere capping and telomere activity. Further, these proteins participate in the p53 signaling pathway, FoxO signaling pathway, toxoplasmosis, prolactin signaling pathway.

network based on the interactions between the genes. To ensure
the efficiency of functional DEGs partners, we adopted the default
MCODE parameters for clustering analysis. We found a total of 55
functional partners among all the clusters. The first cluster possessed 19 nodes with a score of 11.882, while the second cluster
contained 14 nodes with a score of 5.714 and the third cluster
contained 22 nodes with a score of 5.524 (Fig. 4, Table 5).

5. Clustering analysis
MCODE was used for clustering the genes based on the connectivity scores and identified the three clusters (C1–C3) from the entire
52

6. Functional enrichment analysis
The functional enrichment analysis of all the DEGs was performed
https://doi.org/10.3857/roj.2021.00045
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Table 3. The list of high BC nodes and their CC values
Sl. no.
01
02
03
04
05
06
07
08
09
10
11

Official gene symbol
TP53
AKT1
MAPK8
MAPK1
VEGFA
ATM
IL6
MAPK3
STAT3
CASP3
PTEN

BC
0.18707894
0.07993915
0.05750060
0.04389917
0.04146009
0.03410668
0.03211836
0.03026240
0.02602589
0.02599990
0.02301561

CC
0.82105263
0.75728155
0.70270270
0.67826087
0.64462810
0.58646617
0.63934426
0.65546218
0.66101695
0.61904762
0.61417323

BC, betweenness centrality; CC, closeness centrality.
Table 4. The list of large degree nodes and their CC values
Sl. no.
01
02
03
04
05
06
07
08
09
10
11

Official gene symbol
TP53
AKT1
MAPK8
MAPK1
STAT3
MAPK3
VEGFA
IL6
CCND1
RELA
CASP3

Degree
61
53
45
44
40
39
37
36
32
31
30

CC
0.82105263
0.75728155
0.70270270
0.67826087
0.66101695
0.65546218
0.64462810
0.63934426
0.62903226
0.61904762
0.61904762

CC, closeness centrality.

using the ClueGO tool, which resulted from the enriched GO terms
such as cellular process, molecular function, and biological process.
Thus, the significant GO terms were selected based on the p-value
(p = 0.05). There are 718 functional interactions from where the
corresponding GO terms were extracted. It was found that 79
genes are found to have a role in biological processes, 42 genes in
molecular function, 25 genes for cellular process and 35 genes in
immune system pathways from the ClueGO (Fig. 5). Subsequently,
we analyzed the functional enrichment in ShinyGO to ensure the
significance of functions. Although these results coincided with the
ShinyGO, we found differences in p-value. From the annotation
analysis, the GO terms (DEGs data) of the functional partners from
ClueGO and ShinyGO were compared with the p-value, which is
depicted in Supplementary Table S2 to summarize the essential
KEGG pathways.
Further, the functional enrichment analysis was carried out for the
three clusters obtained from the giant network. The functional enrichment analysis of 19 interacting genes in the C1 cluster (Fig. 6)
with a clustering coefficient of 0.383. The pathway enrichment analysis for the C1 cluster genes was found majorly in the p53 pathway
that proves the hypothesis availed from the earlier biological studies
(Fig. 7). The cluster C2 comprises 14 interactors with a clustering coefficient value of 0.309 (Fig. 8). Similarly, Fig. 9 represents the GO/
pathway terms specific for cluster 3 (C3) genes in response to radiation response upon human lymphocytes: the biological process,
cellular component, molecular function, and pathway analysis
(KEGG, 22 nodes).

Discussion and Conclusion

Fig. 3. The topology of the backbone network. The backbone network
consists from 11 nodes with high betweenness centrality (BC) value.
The size of nodes corresponds to their BC values.

https://doi.org/10.3857/roj.2021.00045

In our study, the genes/proteins that have been differentially expressed during radiation exposure were considered for network
construction. The information of these DEG’s biological and molecular complexes and signaling pathways responsible for the cellular
damage upon radiation exposure is of immense importance to developing potent radioprotective therapeutics. This computational
approach of network construction, clustering and topological analysis, and functional enrichment of the participating genes and their
functional partners is essential to unravel the complex biological
mechanisms initiated upon radiation induction upon the cells. The
shortest path length and high CC genes are considered the controlling point of molecular communication in the network.
DNA damages are complex due to multiple transcription factors
involved, resulting from cellular stresses caused by the radiation. In
this respect, all the interactor’s functional enrichment analysis was
carried out using the ClueGO tool. We found that genes in the network play a significant role in biological processes related to the
53
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Fig. 4. Clustering analysis of radio-responsive genes. Gene clusters as viewed in Cytoscape are shown along with the unclustered genes. The
clusters are ranked from cluster C1 to C3 according to the Molecular Complex Detection (MCODE) score. For easy distinction, genes belonging
to cluster C1 are highlighted with blue, cluster C2 genes are highlighted with purple, and C3 cluster genes are highlighted with deep yellow.
The clustered and unclustered genes are represented by circles and seed genes of each cluster are highlighted with brick red.
Table 5. Genes belonging to each cluster with respective MCODE scores and clustering coefficients
Clustering
coefficient
0.383

Node

Edge

1

MCODE
score
11.889

19

107

2

5.714

0.309

15

40

3

5.524

0.330

22

58

Cluster

Gene

Target gene

STAT3, IL6, ERBB2, PTGS2, PTEN, MAPK14, KRAS, PIK3CA,
MAPK1, TP53, VEGFA, CASP3
BCL2L1, RELA, MCL1, TP53, IGF1, MTOR, VEGFA, BCL2, CCND1,
TLR2, CASP3
TGFB1, NFKB1, ICAM1, AKT1, MLH1, NOTCH1, CDK2, MAPK3,
NOTCH1
HSP90AA1, CDH1, IGF1R, RHOA, HIF1A, CDKN2A, TERT
RAC1, NFKBIA, HSPA1A, HSPB1, NOS3, ERCC1, RAF1, BRCA2,
MAPK8, PRKDC, SIRT1, ATM
RAD51, BRCA1, MAPK8, SP1, PRKDC, ABL1, SIRT1, ATM,
CXCL12, MAPK1, TLR4, SOD2, CASP8, CD40

Clusters were ranked based on the Molecular Complex Detection (MCODE) scores which implied that C1 had the highest total density around each
node in the cluster. More number of target genes were found in C3 cluster than the others.

regulation of DNA recombination (GO:0000018), cell-cycle checkpoint (GO:0000075), DNA damage checkpoint (GO: 0000077), response to reactive oxygen species (GO:0000302), telomere maintenance (GO:0000723), double-strand break repair via homologous
recombination (GO:0000724), DNA synthesis involved in DNA repair
(GO:0000731), regulation of cell growth (GO:0001558), B-cell homeostasis (GO:0001782), telomere capping (GO:0016233), response
to ionizing radiation (GO:0010212), cell-cycle arrest (GO:0007050),
54

response to oxidative stress (GO:0006979), DNA damage response,
signal transduction by p53 class mediator resulting in transcription
of p21 class mediator (GO:0006978). Molecular functions such as
signal transducer, downstream of the receptor with serine/threonine
kinase activity (GO:0004702), cyclic-dependent protein serine/threonine kinase regulator activity (GO:00165380), phosphatase binding
(GO:0019902), protein phosphatase binding (GO:0019903). The cellular components include cyclin-dependent protein kinase holoenhttps://doi.org/10.3857/roj.2021.00045
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Fig. 6. Gene Ontology/pathway terms specific for cluster 1 (C1)
genes in response to radiation response upon human lymphocytes:
(A) the biological process, (B) molecular function, and (C) pathway
analysis (Kyoto Encyclopedia of Genes and Genome [KEGG], 19
nodes). **p < 0.01, statistical significance for enriched GO terms.

zyme complex (GO:0000307), chromosome and telomeric region
(GO:000078) and nuclear chromosome/telomeric region
(GO:0000784). Additionally, the immune system process in which
these genes are differentially expressed is also identified, such as
lymphocyte activation involved in immune response (GO:0002285),
lymphocyte proliferation (GO:0046651), and regulation of lymphocyte proliferation (GO: 0050670). Further, the enriched KEGG pathways include homologous recombination (KEGG:03440), cell cycle
(KEGG:04110), p53 signaling pathway (GO:04115), apoptosis
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(KEGG:04210), Wnt signaling pathway (KEGG:04810), T-cell receptor
signaling pathway (KEGG:04660), B-cell receptor signaling pathway
(KEGG:04662), and glioma (KEGG:05214). These enriched GO terms
provide information of the genes responsible for cell cycle checkpoint, DNA damage checkpoint, telomere maintenance and DNA
damage response, signal transduction of p53 class mediator resulting
in transcription of p21 class mediator (Supplementary Table S2).
The clustering analysis between 79 interactors with 718 unique
functional interactions using MCODE has given the dense local
graph of the gene complexes. Based on the connectivity score obtained from MCODE, three clusters (C1–C3) were obtained. Each
cluster was further enriched with GO terms related to the ionizing
radiation response in cells. The functional enrichment analysis of
19 interacting genes in the C1 cluster (BCL2, BCL2L1, ERBB2, IGF1,
IL6, KRAS, MAPK14, MTOR, PTGS2, RELA, STAT3, TLR2, TP53, and
VEGFA) are responsible for cell aging, which is one of the radiation-induced effects. A report reveals that p53 can initiate different
cellular effector processes, like cell cycle arrest, cellular senescence,
coordinating with numerous DNA damage repair pathways, metabolic adaptation and apoptotic cell death [36]. It is observed that
the response depends on cell types to the activation of p53 by DNA
damage. The T-lymphocytes frequently suffer extensive apoptosis,
whereas fibroblasts undergo growth arrest. It reflects in differential
induction of relevant target genes. Ionizing radiation induces Bax
and rapid apoptosis in lymphoid and myeloid cells. Triggered p53
stimulates cellular responses that eventually lead to growth arrest
and apoptosis (programmed cell death) [37]. It has been demonstrated that the role of p53 was important for radiation-induced
death in thymocytes and chemotherapy-induced apoptosis in fibroblasts expressing deregulated oncogenes in p53 knockout mice
[38,39]. It is also evident that pathways with p53–Bcl-2 signaling
promote cell death [40]—the p53 acts as a molecular target for insulin-like growth factor 1 receptor (IGF-1R). Though IGF-1R has a
role in controlling cell proliferation, differentiation and apoptosis,
IGF-1R overexpression was found to enhance invasion, malignant
cell proliferation, survival, and metastasis [41].
The enriched molecular functions like phosphatidylinositol-4,6-bisphosphate 3-kinase activity (ERBB1, IL6, PIK3CA) and
BH3 domain binding (BCL2, BCL2L1, MCL1) are induced after exposure to ionizing radiation that leads to the triggering of adaptive
cellular responses [42]. The genes from cluster C2 like AKT1,
HSP90AA1, ICAM1, and TGFB1, are involved in the biological process like positive regulation of reactive oxygen species metabolic
process. Manning and Toker [43] reported that AKT1 influences numerous cellular processes, e.g., protein synthesis, cell metabolism,
cell proliferation, apoptosis, and cell survival. The KEGG pathways
like the p13k-Akt signaling pathway (CDK2, AKT1, HSP30AA1, IGhttps://doi.org/10.3857/roj.2021.00045
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Fig. 7. Schematic illustration of the differentially expressed genes mapped in p53 signalling pathway, which are upregulated after radiation exposure (highlighted in red).
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F1R, NFKB1, and MAPK3) and glioma (CDKN2A, AKT1, IGF1R, and
MAPK3). It was reported that Cdk/cyclin complexes have a major
role in the regulation of the cell cycle and are thus found to be
prime targets of inhibition during cellular stress, DNA damage, and
telomere dysfunction [44]. In comparison with the other two clusters, the C3 cluster (clustering coefficient = 0.330) claimed to be
very important since many of the genes here are enriched after the
radiation exposure, like telomere maintenance via recombination
(BRCA2, ERCC1, RAD51), double-stranded break repair via non-homologous end-joining (ATM, CD40, ERCC1, PEKDC), response to
ionizing radiation (ATM, BRCA1, BRCA2, ERCC1, PRKDC, RADS1,
SIRT1, and SOD2), telomere capping (ATM, ERCC1, MAPK1, PRKDC).
We also found that the enriched pathways in the C3 cluster like
homologous recombination (KEGG: 03440). ATM regulates the cellular response to radiation-induced DNA damage and it is a key
determinant of radiosensitivity. The ATM-p53 pathway mediates
radiation-induced DNA repair and, thus, ATM inhibitors' clinical use
as radiosensitizers in cancer therapy [45]. We established that the
integrated network biology approach facilitated pathway analysis,
hypothesis generation and identification of the critical genes (hub)
involved in response towards ionizing radiation.
In conclusion, we have demonstrated an integrated bioinformatics approach that includes an expert-guided examination of data
to define a radiation-induced cellular response. In this approach,
the network was constructed and analyzed using DEGs and identified the top 10 genes/proteins that participate in cellular mechanisms crucial during cellular stress. The TP53 is the hub protein in
the entire network with a high degree and BC score. The functional
enrichment analysis and pathway analysis have revealed that TP53,
CDK2, BCL, ATM, and AKT are also vital proteins that are upregulated in almost all the molecular processes during radiation-induced
damages. Further, substantial research is required to define the
molecules and processes mediating radiation-induced translational
control. However, understanding the impact of DEGs upon radiation would provide innovative vision into the cellular radioresponse,
ensuring an opportunity to improve therapeutic efficacy.
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Purpose: This study investigated the possible radioprotective effect of Costus afer extract (CAE) on
hematological and histopathological parameters of mice.
Materials and Methods: Fifty-four male mice with mass between 37–43 g, 11–13 weeks old were
used for this study. We divided the mice into six different groups containing nine animals, which were
then further sub-divided into irradiated groups and un-irradiated groups. Animals received 250 mg/
kg body weight extract of CAE by oral gavage for 6 days in addition to feeding and water ad libitum.
Animals in the irradiated group were exposed to radiation at the Department of Radiotherapy and
Oncology, Grey’s Hospital using a linear accelerator. Blood samples were collected at 48-hour post-irradiation for the hematology test followed by histopathology examination of kidney and liver.
Results: Our findings revealed that 3 Gy and 6 Gy dose of X-ray radiation caused a significant reduction in the white blood cell, packed cell volume, hemoglobin, neutrophils, lymphocytes, eosinophils,
and platelet counts compared with the control group. However, the administration of CAE before irradiation significantly increased the mentioned parameters. There was no increase in red blood cell
and monocyte among treated groups compared with the control. Histopathological changes in the
kidney and liver sections revealed that no visible lesion in the pretreated mice. Hepatocytes seem to
be within normal histological limits.
Conclusions: This study concludes that CAE offered some protection against radiation-induced hematological alterations, but there was no significant improvement in the histopathological parameters. Thus, further studies are needed to validate its radioprotective effect on histopathological variables.
Keywords: Radiation protection, Pathology, Radiotherapy, Linear accelerator, Hematology, Cancer

Introduction
The usage of ionizing radiation for medical purposes has increased
significantly over the last few decades, which has increased cancer
risk associated with this increased utilization of ionizing radiation
[1]. Radiation exposure can cause measurable injuries to the hematopoietic, gastrointestinal and central nervous systems, contingent
on radiation exposure doses [2]. This exposure can also lead to water’s radiolysis, which produces reactive oxygen species like free
radical and hydroxyl ions. Due to the presence of unpaired elec-

trons, free radicals are very active. They can damage biological
molecules such as the deoxyribonucleic acid (DNA), protein and
membrane lipids, resulting in biologic and cellular damage [2,3]. In
assessing the degree of radiation exposure to the body, changes in
blood values have been established as being an advantage. The hematopoietic system, consisting of bone marrow and lymph tissues,
has been described as the body’s most radiosensitive organ [4]. Two
modes of treatment for cancer are predominant aside from surgery.
The first is chemotherapy, which used cytostatic drugs. Radiotherapy is the other. Radiotherapy is the medical use of ionizing radia-
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tion in cancerous cells’ treatment [5,6]. However, one significant
challenge in cancer cells’ radiotherapy is the exposure of surrounding tissues to undesirable radiation doses, leading to biological
damage [5]. The need to develop drugs that can reduce the deleterious and harmful effect of radiation and perform reproductive
functions becomes vital.
The year 1948 marked the hallmark in the discovery of a compound that offers protection against radiation. The discovery
aroused the US Army’s interest, and the compound discovered then
was cysteine [7]. Patt et al. [8] were the pioneer researchers to examine the protective effect of amino-acid cysteine in mice and rats
exposed to lethal radiation doses. The report revealed cysteine’s
potential to enhance mice and rats’ survival against radiation-induced lethality [9]. However, it was discovered that cysteine, as a
radioprotector posed severe challenges, as it was toxic and caused
nausea and vomiting at the level of the dose required for protection [10]. The need to reduce the toxicity level led to further development program initiated in 1959 by the US Army and conducted
at the Walter Reed Institute of Research. During this time, more
than 4,000 compounds were synthesised and tested. One of the
active compounds discovered during the same study was WR-2721,
also known as amifostine [6]. To date, it remains the most reliable
of those synthesised in the Walter Reed series [11], and amifostine
is the only radioprotective drug approved by the US Food and Drug
Administration (FDA) for use in radiation treatment [6]. Although
amifostine was the only radioprotector drug approved by FDA
against radiation, for thwarting xerostomia in patients treated for
head and necked cancer, there remains its cumulative toxicity on
daily administration with radiotherapy, which was revealed in
sneezing, allergic reactions, somnolence, hypotension, and nausea
[6,11]. Thus, an urgent need to find an alternative natural substance with similar characteristics to the synthetic compound can
offer protection against radiation while remaining non-toxic, effective, available and affordable. A few of the plants extract which
have been found to provide a protective measure against the radiation-induced damaged in mammals include Mentha arvensis, Syzygium cumini, Liv-52, Nardostachys jatamansi, Ocimum sanctum,
Aegle marmelos (L.), Zinger officinale, Tragia involucrata, grape
seed, nanocurcumin [7,12-16].
Costus afer belongs to the family of Zingiberaceae otherwise
called Costaceae; it is a relatively tall permanent herbaceous,
branchless herbal plant with crawling rhizome. It is predominantly
grown in the thick forest and riverbanks of tropical West Africa
[17]. Costus afer is often called a bush cane or ginger lily and has a
variety of names in Nigeria such as “Okpete” in the Southeast, “Kakizawa” in the Northern area, “ireke-omode” in the Southwest,
“Ogbodou” in the Niger Delta, and “Mbritem” in the Southern re62

gion [17]. In Cameroon, it is referred to as “Monkey sugar cane”
[17]. It has been reported that the stem, seeds and rhizomes of
Costus afer contain numerous bioactive metabolites [18]. A report
from Soladoye and Oyesika [19] on Costus afer indicates that the
plant is highly regarded for anti-inflammatory, anti-diabetic, and
anti-arthritic features in the Southeast and Southwest region. It is
widely used as a medicinal herb, most notably its seeds, stem, leaf,
and rhizomes harvested from the wild [17,20].
The present study aimed to investigate the possible radioprotective efficacy of the Costus afer plant against whole-body radiation-induced hematological and histopathological disorder in mice
exposed to double doses of X-ray radiation based on reported folklore medicine use.

Materials and Methods
1. Plant collection, identification and extract preparation
The rhizome, stem, and leaves of Costus afer were harvested from
uncultivated farmland at Ikole-Ekiti in Ekiti State, South-west, Nigeria, in December 2019. A Botanist (Mr Esinekhuai Donatus) at
the Herbarium, Department of the Botany, University of Ibadan, Nigeria, where voucher specimen number UIH-22932 was deposited,
made the botanical identification and authentication of the plant.
The leaf, stem and rhizome were hand-searched mechanically to
ensure they were pest-free. They were also rinsed with tap water
and air-dried for a few days at room temperature. After that, they
were pulverised at the Biomedical Research Laboratory, School of
Chemistry & Physics, University of KwaZulu-Natal (UKZN), Pietermaritzburg campus, with an electric grinder to provide enough surface area for maceration to occur. The powder material (638.03 g)
of Costus afer was macerated in 3.75 L of high quality (99.9%
pure) methanol for 72 hours at room temperature. The macerated
solution was shaken intermittently to ensure thorough mixing. The
maceration was done two different times. The combined extract
was filtered using a Whatman No. 1 filter paper under vacuum filtration. The obtained filtrate was concentrated and evaporated using a rotary evaporator to remove all traces of methanol. An approximate 4.5% yield of the extract obtained was placed in an airtight container and stored in a refrigerator at 4ºC until the time of
use.

2. Animal care and selection
Fifty-four male BALB/c mice of mass between 37–43 g, 11–13
weeks old were used for this study. The animals were inbred at the
Animal House of the School of Life Sciences, University of KwaZulu-Natal Pietermaritzburg campus. The University of KwaZulu-Natal Animal Research Ethics Committee (UKZN, AREC) approved the
https://doi.org/10.3857/roj.2021.00017
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research protocol used in this study with a protocol reference
number AREC/026/019D. Moreover, all our procedures conformed
to the National Institute of Health guidelines for laboratory animal
care and used in biomedical research [21]. Throughout the study,
they were kept in the animal house, maintained under a strictly
controlled temperature of between 23°C–25°C, with 12-hour light
and dark cycle and were given free access to a standard diet and
clean water ad libitum. The experimental animals were humanely
handled and kept inside clean well-ventilated transparent plastic-type IV cages with wood shavings and naturally illuminated animal room. Behavioural enrichment in the mouse cages in the form
of egg boxes and shredded paper were provided. The mice were allowed some days to acclimatise to animal room conditions before
treatment commenced. All animals were examined, and clinical
signs were recorded daily before and after dosing during the treatment period. The mass of the animals was also recorded.

3. Acute toxicity study
Twenty male mice were used for the toxicity test. The mice were
divided into four groups of five animals in each group. The acute
toxicity test of Costus afer extract was determined over a 14-day
observation period. CAE was administered by oral gavage at doses
of 100 mg/kg, 200 mg/kg, 300 mg/kg, and 400 mg/kg body weight.
The mice were observed for 14 days for signs of acute toxicity and
death [22]. CAE’s oral administration to mice did not produce death
or toxic effect in the treated groups during the 14 days observation
period. The median dose (250 mg/kg) was chosen and used for further studies in the present work.

5. Procedure for irradiation
An hour after the last administration of the extract, the mice were
exposed to X-ray radiation at the Department of Radiotherapy and
Oncology, Grey’s Hospital, Pietermaritzburg, South Africa. A Linear
Accelerator (LINAC) manufactured by Varian (model: Clinac 2100C)
serves as the radiation source. The LINAC uses electricity to produce
energy beams of X-rays and beams of electrons usually collimated
to treat cancer patients. Nine animals packed inside a specially designed transparent plastic cage and their movement restrained
during the irradiation process. A total of 36 mice (excluding animals
in group CNT & CAE) were exposed to 6-MV photons from LINAC,
and the irradiated groups were exposed to whole-body low energy
X-ray radiation dose of 300 cGy and 600 cGy at a dose rate of 400
MU/min under a standard condition of 100 monitor units (MU) = 1
Gy. A source to the surface distance of 90 cm at a depth of 10 cm
was used for the irradiation, while a field size of 40 cm × 24 cm
was found suitable for the irradiation process. After the radiation
exposure, the mice were put into their cages and transferred back to
the animal house.

6. Body mass and relative organ mass
The animals’ body mass was recorded on the day they were randomised into different groups, and every day during the pretreatment process. These served as the initial masses. Two mice from
each group were euthanised by cervical dislocation 48 hours after
irradiation, the visceral organs (kidney and liver) of the mice were
surgically removed, rinsed in 0.9% normal saline, blotted with filter
paper, weighed, and the relative organ mass was calculated and
expressed as a percentage of the body mass.

4. Administration of extracts
Fifty-four male BALB/c mice were used for the experiment. The
mice were randomly divided into six groups, with nine animals in
each group. The grouping and treatment of animals are presented
in Table 1. Animals in the group code CAE, CAE-3Gy and CAE-6Gy
received 250 mg/kg body weight of extract of Costus afer by oral
gavage for 6 days before radiation exposure.
Table 1. Treatment of animals for Costus afer extract
Group code
CNT
CAE
IR_3Gy
IR_6Gy
CAE_3Gy
CAE_6Gy

Treatment
Control (un-irradiated)
Animals treated with 250 mg/kg body weight only
(un-irradiated)
Irradiated (3 Gy) animals only
Irradiated (6 Gy) animals only
Irradiated (3 Gy) animals treated with 250 mg/kg body
weight
Irradiated (6 Gy) animals treated with 250 mg/kg body
weight

CNT, control; CAE, Costus afer extract; IR, ionizing radiation.
https://doi.org/10.3857/roj.2021.00017

7. Determination of hematological parameters
Forty-eight hours after the irradiation, all the animals were euthanised by cervical dislocation, and blood samples were collected
from them. The blood collection was done from the posterior vena
cava of the heart using a 23-gauge needle and a 1-mL syringe into
ethylenediaminetetraacetic acid (EDTA) bottles with anticoagulant
for hematological analysis. The packed cell volume (PCV), hemoglobin (Hb), red blood cell (RBC), total white blood cell count (WBC),
neutrophils, lymphocytes, monocytes, eosinophils, platelet count
values were determined using the Sysmex XE-2100 Haematology
Automated Analyser machine.

8. Histopathology examination
Shortly after collecting blood samples on 48-hour post-irradiation,
63

Idowu Richard Akomolafe and Naven Chetty

two mice were taken from the euthanised animals, and their visceral organs (kidney and liver) were harvested. The mass of the fresh
livers and both kidneys were determined (measured in grams) after
which they were fixed in 10% buffered formalin. Two hours
post-immersion in formalin, the tissues were dehydrated in an ascending grade of ethanol, cleared in xylene and embedded in paraffin wax. Serial sections of 4-μm thick were obtained on glass slides
using a rotary microtome. The deparaffinized sections were stained
routinely with hematoxylin and eosin (H&E) and mounted. All sections were examined with a standard light microscope (Olympus,
Tokyo, Japan) and scanned digitally by an Aperio C52 (Leica Biosystems, Heidelberg, Germany). Images and sections were evaluated
under ×10, × 20, and ×40 magnification. Images were taken from
the digitally scanned slides with ImageScope Software (Leica) and
stored as jpeg image files.

9. Statistical analysis
The hematological parameters were analysed by one-way analysis
of variance (ANOVA), followed by Tukey’s multiple comparison test
in which all the treatment groups were compared with the control
group. SPSS statistical package version 20.0 (IBM, Armonk, NY,
USA) was used for the analysis. Results are reported as mean ±
SEM (standard error of the mean) and p < 0.05 were considered
significant values.

Results
1. Effect of extract on relative organ mass
Exposure of animals to radiation can cause a reduction in food intake, which may lower the immune system, thereby causing changes in the body weight of the exposed living animals. Moreover,
these changes depend on the types of radiation, the dose of radiation and post-irradiation time (latent period). In this investigation,
the mean relative organ mass of the kidneys in the control group
(CNT) was 1.13 ± 0.04 as compared with the mean relative organ
mass in the irradiated groups (IR_3Gy and IR_6Gy) of 0.76 ± 0.01
and 0.93 ± 0.04, respectively. Our results revealed that radiation
significantly (p < 0.05) decreased the relative organ mass of the
kidney of the irradiated groups when compared with the un-irradiated group (control). However, there was no significant alteration
in the pretreatment groups’ relative organ mass (CAE_3Gy and
CAE_6Gy) compared with the irradiated groups only (Table 2). The
mean relative organ mass in the treatment groups (CAE_3Gy and
CAE_6Gy) were 0.80 ± 0.07 and 0.89 ± 0.05, respectively. The relative organ mass of the irradiated groups’ kidneys decreased compared with the control, but there was no significant improvement
in the pretreatment groups. The levels of radiation-induced damage
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observed in the pretreatment groups’ kidney did not cause noticeable changes in their relative organ mass, probably due to the short
period between exposure and the time the organs were harvested.
Similar results were observed in the liver analysis. The mean relative organ mass of the liver in the control group was 6.71 ± 0.08.
At the same time, the mean relative organ mass for the irradiated
groups was 5.50 ± 0.04 and 4.88 ± 0.05 for group IR_3Gy and
IR_6Gy, respectively. There was no significant increase in the relative organ mass of the pretreatment groups.

2. Effect of extract on hematological parameters
1) red blood cell
Table 3 shows a significant (p < 0.05) decrease in the mean value
of RBCs of the irradiated groups (IR_3Gy & IR_6Gy) when compared with the control (CNT). Moreover, there was significant difference (p < 0.05) in the erythrocyte value of CAE group when
compared with the control (CNT). However, the pretreatment of
mice in groups (CAE_3Gy and CAE_6Gy) with the extract did not
improve the blood parameter, as there was no significant increase
in the red blood count of the pretreatment groups.

2) Packed cell volume
Table 3 shows a significant (p < 0.05) reduction of the mean of
PCV of mice in groups (IR_3Gy and IR_6Gy) when compared with
the control (CNT) at 48-hour post-irradiation. Also, a significant
reduction (p < 0.05) in PCV of mice in the CAE group was observed
compared with the control (CNT). The mean of PCV of mice in the
group IR_6Gy was seen to be slightly less than the mean value of
group IR_3Gy; this shows the damaging effect of ionizing radiation
at a higher dose. In the pretreatment groups (CAE_3Gy and
CAE_6Gy), the administration of the extract before exposure ameliorated the disorder caused by X-ray radiation by significantly increasing the mean of PCV when compared with groups (IR_3Gy
and IR_6Gy).

Table 2. Effect of extract on the relative organ mass
Code
CNT
CAE
IR_3Gy
IR_6Gy
CAE_3Gy
CAE_6Gy

Kidneys
1.13 ± 0.04
0.89 ± 0.05
0.76 ± 0.01
0.93 ± 0.04
0.80 ± 0.07
0.89 ± 0.05

Liver
6.71 ± 0.08
5.10 ± 0.18
5.50 ± 0.04
4.88 ± 0.05
5.46 ± 0.04
4.19 ± 0.32

Values are presented as mean ± standard deviation (n = 2).
CNT, control; CAE, Costus afer extract; IR, ionizing radiation.
https://doi.org/10.3857/roj.2021.00017
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Table 3. Effect of methanol extract of Costus afer and X-ray radiation on the RBC, PCV, hemoglobin, WBC, and neutrophils of mice
Group code
CNT
CAE
IR_3Gy
IR_6Gy
CAE_3Gy
CAE_6Gy

RBC (× 1012/L)
11.05 ± 0.58
9.94 ± 0.35*
9.41 ± 0.38*
8.99 ± 0.47*
9.69 ± 0.58
9.61 ± 0.18

PCV (L)
57.20 ± 2.06
47.47 ± 3.70*
33.96 ± 0.22*
33.23 ± 1.09*
41.10 ± 1.09**
41.83 ± 0.82**

Hb (g/dL)
17.46 ± 0.12
16.38 ± 0.22*
13.60 ± 0.13*
12.20 ± 0.21*
14.64 ± 0.27**
14.56 ± 0.39**

WBC (× 109/L)
9.22 ± 0.10
7.60 ± 0.21*
2.54 ± 0.11*
1.26 ± 0.13*
3.38 ± 0.33**
2.95 ± 0.38**

Neutrophils (× 109/L)
7.63 ± 0.31
5.16 ± 0.41*
5.43 ± 0.37*
2.74 ± 0.43*
5.20 ± 0.35
6.38 ± 1.04**

Values are presented as mean ± standard error of mean (n = 9).
CNT, control; CAE, Costus afer extract; IR, ionizing radiation; RBC, red blood cell; PCV, packed cell volume; WBC, white blood cell.
*p < 0.05 versus CNT, **p < 0.05 versus IR_3Gy & IR_6Gy. Values along the same column with different superscripts are significantly different at 5%
(p < 0.05) level.

3) Hemoglobin
There was a slight reduction in the mean value of Hb of mice in the
irradiated groups (IR_3Gy and IR_6Gy) when compared with the
control (CNT) and a significant decrease (p < 0.05) in the Hb of mice
in CAE group was recorded when compared with the control (CNT)
(Table 3). However, the treatment of mice with the extract before exposure seemed to have a slight increase in the mean of Hb of the
group CAE_3Gy and group CAE_6Gy at a significant level (p < 0.05)
when compared with the irradiated groups (IR_3Gy and IR_6Gy).

4) White blood cell
Ionizing radiation caused a significant reduction (p < 0.05) in the
mean of WBC in groups IR_3Gy and IR_6Gy when compared to the
control (CNT). Similarly, the mice that received extract only (CAE
group) showed a significant reduction (p < 0.05) in their WBC
when compared with the control (CNT). The alterations in the WBC
of mice among the treatment groups (CAE_3Gy and CAE_6Gy) were
significantly increased compared with the control (CNT) (Table 3).

5) Neutrophils count
Table 3 shows a significant reduction (p < 0.05) in the mean of the
irradiated groups’ mean neutrophils compared with the control
(CNT). Moreover, a significant reduction (p < 0.05) in the neutrophil
of mice in the CAE group was observed when compared with the
control (CNT). The treatment of mice with CAE did not statistically
increase the mean of neutrophil in the group CAE_3Gy, whereas,
there was a significant improvement in the group CAE_6Gy compared with group IR_6Gy.

6) Lymphocytes count
In Table 4, ionizing radiation caused a significant decrease (p <
0.05) of the mean of the lymphocyte count in the irradiated groups
compared with the control (CNT). Similarly, a significant reduction
(p < 0.05) in the lymphocyte of mice in the CAE group was discovered when compared with the control (CNT). However, the treathttps://doi.org/10.3857/roj.2021.00017

ment of mice with the extract significantly improved the lymphocyte count in the group CAE_6Gy. There was no significant improvement in the lymphocyte count for group CAE_3Gy relative to
group IR_3Gy.

7) Monocytes
Table 4 shows a non-significant (p > 0.05) reduction in the monocyte count of both the irradiated groups alone compared with the
control (CNT). Whereas, a slight significant increase (p < 0.05) in
the monocyte of mice in the CAE group was observed when compared with the control (CNT). The CAE administration did not offer
protection against the damaging effect of X-ray radiation on the
pretreatment groups’ monocyte count, as these groups show a
non-significant increase in their mean value compared with groups
IR_3Gy and IR_6Gy.

8) Eosinophils
Table 4 shows a slight reduction in the mean eosinophils count of
the groups IR_3Gy and IR_6Gy caused by radiation, which was significant compared with the control (CNT). Also, a significant reduction (p < 0.05) in the eosinophil of mice in the CAE group when
compared with the control (CNT) was discovered. The slight increase in pretreatment group CAE_6Gy was significant (p < 0.05)
compared with group IR_6Gy, that of group CAE_3Gy was not significant relative to group IR_3Gy.

9) Platelet
The significant reduction of platelet count caused by ionizing radiation is shown in Table 4. The irradiated groups (IR_3Gy and IR_6Gy)
revealed a statistically significant decrease (p < 0.05) in the platelet
count compared with the control (CNT). Similarly, the mice in the
CAE group had a significant reduction (p < 0.05) in their platelet
count when compared with the control (CNT). There was an improvement in the pretreatment groups (CAE_3Gy and CAE_6Gy) as
evidence in an increase in platelet count compared with the irradi65
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Table 4. Effect of methanol extract of Costus afer and X-ray radiation on lymphocytes, monocytes, eosinophils, and platelet of mice
Code
CNT
CAE
IR_3Gy
IR_6Gy
CAE_3Gy
CAE_6Gy

Lymphocytes (× 109/L)
4.94 ± 0.13
3.66 ± 0.37*
3.58 ± 0.21*
1.29 ± 0.10*
2.01 ± 0.24
2.33 ± 0.19**

Monocytes (× 109/L)
2.53 ± 0.03
3.52 ± 0.04
2.18 ± 0.02
1.84 ± 0.04*
2.10 ± 0.07
1.80 ± 0.03

Eosinophils (× 109/L)
3.60 ± 0.15
2.80 ± 0.21*
2.20 ± 0.03*
1.60 ± 0.13*
2.60 ± 0.05
2.80 ± 0.10**

Platelet (× 109/L)
3,401.00 ± 45.36
1,355.80 ± 254.74*
551.60 ± 5.91*
340.40 ± 35.49*
1,272.00 ± 197.43**
471.20 ± 40.13**

Values are presented as mean ± standard error of mean (n = 9).
CNT, control; CAE, Costus afer extract; IR, ionizing radiation.
*p < 0.05 versus CNT, **p < 0.05 versus IR_3Gy & IR_6Gy. Values along the same column with different superscripts are significantly different at 5%
(p < 0.05) level.
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Fig. 1. Effects of Costus afer and X-ray radiation on the histological parameters of mice: the pathological analysis results of the kidney. (A)
Light micrograph of the kidney section of the control mice (group CNT), the renal architecture seem intact with a normal cortex (H&E, ×400).
(B) Light micrograph of the kidney section of mice treated with Costus afer extract (group CAE) showing a normal cortex and few foci of mild
sloughing off tubular epithelial cells (H&E, ×400). (C) Light micrograph of the kidney section of mice exposed to 3 Gy of X-ray showing a few
foci of mild cloudy swelling of the epithelial cells (arrows) (H&E, ×400). (D) Light micrograph of the kidney section of mice exposed to 6 Gy of
X-ray showing a few foci of moderate cloudy swelling of the epithelial cells (arrows) (H&E, ×400). (E) Light micrograph of the kidney section of
mice treated with CAE & exposed to 3 Gy of X-ray showing no visible lesion (H&E, ×400). (F) Light micrograph of the kidney section of mice
treated with CAE & exposed to 6 Gy of X-ray showing no visible lesion (H&E, ×400). CNT, control; CAE, Costus afer extract; H&E, hematoxylin
and eosin staining.

ated groups (IR_3Gy and IR_6Gy).

3. Effect of extract on histology kidney and liver of
mice after exposure to X-ray radiation
The histopathological examination of kidney and liver sections
stained with H&E showed that X-ray radiation-induced changes in
mice’s kidney and liver renal architecture in a dose-dependent
manner. Fig. 1 presents the pathological analysis results of the kidney in various groups studied. Group CNT mice (control group)
showed that sections from both left and right kidneys examined
the renal architecture seem intact with a normal cortex and me66

dulla in which normal convoluted tubules and tubular epithelial
cells, glomeruli, blood vessels and stromal tissues are seen (Fig. 1A).
Meanwhile, the kidney section of mice pretreated with the extract
alone (group CAE) showed a normal cortex and few foci of mild
sloughing off tubular epithelial cells (Fig. 1B). The mice exposed to 3
Gy and 6 Gy of X-ray radiation, group IR_3Gy and IR_6Gy, respectively, showed few foci of mild cloudy swelling of the epithelial cells
tubules moderate flattening of epithelial cells in the cortex-medullary junction (Fig. 1C, 1D). The mice in the groups (CAE_3Gy and
CAE_6Gy) pretreated with extract before exposure to X-ray radiation
of 3 Gy and 6 Gy showed no visible lesion. The renal architecture
https://doi.org/10.3857/roj.2021.00017
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seems intact with a normal cortex and medulla in which normal
convoluted tubules and tubular epithelial cells, glomeruli, blood
vessels and stromal tissues are seen (Fig. 1E, 1F).
The pathological analysis of the liver of mice in the group CNT
(control) and group CAE (mice received extract only) revealed that
a normal hepatic architecture is evident with a typical ratio of portal triads and hepatic lobules. No congestion is seen in the hepatic
sinusoids. Hepatocytes seem to be within normal histological limits
and no evidence of adhesion and inflammation (Fig. 2A, 2B). The
liver histology of the mice exposed to 3 Gy and 6 Gy showed that
there are random foci of mild single-cell hepatocellular necrosis.
Moderate congestion is seen in the hepatic sinusoids (Fig. 2C, 2D).
Group CAE_3Gy mice (mice pretreated with extract followed by 3
Gy) showed foci of mild random single hepatocellular necrosis. Hepatocytes seem to be within normal histological limits. The mice in
the group CAE_6Gy (mice pretreated with extract followed by 6
Gy) showed a normal hepatic architecture that is evident with a
typical ratio of portal triads and hepatic lobules. Mild congestion is
seen in the hepatic sinusoids. Hepatocytes seem to be within normal histological limits (Fig. 2E, 2F).

Discussion and Conclusion
Exposure of humans to ionizing radiation can cause the production

of free radicals and reactive oxygen species (ROS) which are capable of damaging the DNA, protein and membrane lipids, thus resulting in biological and cellular damages [23]. Since the significant
component of the human body is primarily made up of water, there
is a high probability of radiation interacting with the water molecules and in the process cause radiolysis of water, which produces
free radicals. The interaction of radiation with water leads to the
breakage of bonds holding the water molecules together and thus
producing fragments such as hydrogen and hydroxyls. These fragments are highly mobile due to unpaired electrons and can combine to form toxic substances [24]. Reports from experimental and
clinical studies have revealed that kidneys are relatively more radiosensitive organs than other organs. The development of radiation-induced injuries sustain by the kidney may take months to
years before manifesting [25]. Radiation-induced liver disease
(RILD) is a dose-preventing intricacy of the liver exposed to radiation, and the therapy alternative for RILD is restricted [26]. Even in
acute cases, it causes the liver’s inability to carry out its metabolic
functions, leading to death. Ingold et al. [27] reported the first description of radiation-induced liver disease as a significant complication associated with the liver’s disease radiotherapy. Even though
this disease’s latent period takes 4–8 weeks post-radiation treatment, an investigation has revealed that the disease has a potency
of manifesting as early as 2 weeks or as late as seven months
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Fig. 2. Effects of Costus afer and X-ray radiation on the histological parameters of mice: the pathological analysis results of the liver. (A) Light
micrograph of the liver section of the control mice, a normal hepatic architecture is evident with a normal ratio of portal triads and hepatic
lobules (H&E, ×400). (B) Light micrograph of the liver section of mice treated with CAE, no congestion is seen in the hepatic sinusoids (H&E,
×400). (C) Light micrograph of the liver section of mice exposed to 3 Gy of X-ray showing random foci of mild hepatocellular necrosis (arrows)
(H&E, ×400). (D) Light micrograph of the liver section of mice exposed to 6 Gy of X-ray showing random foci of mild hepatocellular necrosis
(arrows) (H&E, ×400). (E) Light micrograph of the liver section of mice treated with CAE & exposed to 3 Gy of X-ray showing no visible lesion
(H&E, ×400). (F) Light micrograph of the liver section of mice treated with CAE & exposed to 6 Gy of X-ray showing no visible lesion (H&E,
×400). CNT, control; CAE, Costus afer extract; H&E, hematoxylin and eosin staining.
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post-irradiation therapy [28,29]. Even though the clinical application of ionizing radiation in radiotherapy and other medical areas is
widely accepted and has accrued colossal success, the damage to
the healthy surrounding tissues has limited its usage. Thus, there is
an urgent need to develop drugs from plants and herbs capable of
scavenging free radicals, thus protecting the normal cells during
radiotherapy and reducing radiation’s harmful effect in an emergency radiation accident. This is the motivation for this work.
In the present study, we assessed Costus afer extract’s ability in
mitigating radiation-induced hematological and histopathological
disorder in mice. The results showed that X-ray radiation caused a
significant alteration in the hematological parameters as evident in
the degree of blood counts. Our findings revealed that 3 Gy and 6
Gy dose of X-ray radiation caused a substantial reduction in the
PCV, Hb, WBC, lymphocytes, and platelet counts compared with
those in control (CNT) and extract only (CAE) groups. The pretreatment of mice with the extract of Costus afer improved the listed
hematological variables with a significant increase in their mean
values. The reduction in the named hematological variables among
the irradiated groups is an indication that whole-body irradiation is
mostly observed in the proliferating bone marrow progenitor cell.
The decrease in the number of WBC and lymphocytes in the irradiated groups and the corresponding increase in the treatment
groups are comparable to Shirazi et al. [26]. They reported that
pretreatment with melatonin in rats (10 mg/kg) before exposure to
2 Gy and 8 Gy statistically increased the number of WBC and lymphocytes at 4-hour post-irradiation.
Moreover, gastrointestinal and haemopoietic cells in the bone
marrow, which happen to be the most radiosensitive organs, are
essential for maintaining life, and any injury to these cells can
damage normal physiological activities [11]. The present study results concur with the findings of Gowda et al. [13], who reported
that electron beam radiation caused a significant reduction in the
Hb, erythrocytes, leukocytes, PCV, and the platelet count 48-hour
post-irradiation in male rats. Similarly, the results of the present
study are consistent with the findings of Eshak and Osama [30],
who showed a substantial decrease in WBC, RBC, PCV, Hb, and
platelet exposure of 4 Gy and 6 Gy of gamma radiation to animals.
In the present study, X-ray radiation caused a significant reduction
in the mean of PCV and Hb. Our result is also in total agreement
with the findings of Udem and Ezeasor [31], who reported that
Costus afer extract caused a significant reduction in the Hb, RBC,
and PCV compared with the control group. A non-significant decrease in the mean of RBC was observed in the mice exposed to
both radiation doses. This may be attributed to erythrocyte’s relatively radioresistant nature compared with other blood’s cellular
components [4]. The observed decrease in the mean value of eryth68

rocytes observed in this study might be due to mature RBC damage. In addition, it may be due to hemolysis and decreased erythrocyte production [32]. The present study revealed that the given radiation doses significantly lowered the number of neutrophils in
the experimental animals; giving rise to a condition known as neutropenia. Neutrophils are mostly present in the WBC. The pretreatment of mice with the CAE partially ameliorated the damaged.
WBC assist the body in fighting infectious and destroying harmful
bacteria that spread into the body. Neutrophils are the most crucial
protector present in the WBC that fights against infection. Report
from literature revealed the radioprotective and antioxidant properties of Costus afer. For instance, the plant is used to cure ailments
or conditions such as rheumatism, cough, hepatic disorders, miscarriages, hemorrhoids, inflammation, arthritis, helminthic, epileptic attack, as well as purgative, diuretics. It has also been tested as
a cure for poison [33,34]. Okugbo and Oriakhi [35] reported that
Costus afer could serve as free radical scavengers, acting perhaps
as critical antioxidants, which could treat the disease that results
from oxidative damage.
The inhibition of lipid peroxidation is another biomarker in determining the radioprotective property of the plant. The study conducted by Moody and Okwagbe [36] on plant stem extracts of Costus afer shows that the plant possesses potent antioxidants in vitro.
The results obtained by Tonkiri et al. [17] show that Costus afer exhibits high antioxidant and free radical scavenging activities. The
plant is a significant source of natural antioxidants, which may be
of great value in hindering the progress of various oxidative stresses and modulation of drug-induced toxicity. The present study results correlate with the report of Abdelmageed Marzook et al. [37],
who earlier worked on the radioprotective efficacy of Costus in
protecting hematological parameters. They revealed that Costus
speciosus offered protection on hematological parameters (RBC,
hematocrit, WBC, and reticulocytes) against gamma radiation. The
findings of Anyasor et al. [33] revealed that the aqueous fraction of
leaves and stem bark of Costus afer exhibited a high degree of inhibition of lipid peroxidation. In another related development, Anyasor et al. [18] reported that Costus afer contained anti-oxidative
properties, the plant could serve as bioactive, and antioxidants
compounds for nutrition and therapeutic purposes. Other studies
have shown that Costus afer possess antioxidant, anti-inflammatory, anti-cancer, hepatoprotective and could stimulate total lymphocytes proliferation [33,38]. Research has shown that free radicals
can cause oxidative stress that can result in cellular and biological
damage [39].
Moreover, antioxidants have shown to offer resistance against
oxidative stress by scavenging free radicals. The report of Atere et
al. [40] revealed that the antioxidant activity of Costus afer might
https://doi.org/10.3857/roj.2021.00017
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be responsible for its medicinal potentials. Furthermore, their information deduced that polyphenols, flavonoids and other antioxidants compounds account for its ability to scavenge free radicals
[40].
Kidneys are critical organs in the body that play basal functions
in both health and disease conditions. Due to kidneys’ relative radiosensitivity nature, the organs are prone to damage through radiation effects [41]. The exposure of kidneys to radiation during radiotherapy has raised serious concern over the practical applicability of ionizing radiation for therapeutic and diagnostic purposes.
The degree of radiation damage on the kidney largely depends on
the volume and dose of the incident radiation dose [25,42]. Reports
in many clinical and experimental studies have shown that the liver
is also one of the most commonly injured organs during radiotherapy for cancers of the abdominal region [43]. In the present investigation, whole-body exposure of mice to 3 Gy and 6 Gy radiation,
the histological examination of the kidney revealed a few foci of
mild cloudy swelling of the epithelial cells of tubules with a severe
flattening of epithelial cells in the cortex-medullary junction. The
administration of extract before irradiation showed no significant
improvement in the histological examination of the kidney.
Similarly, the liver histology of the mice exposed to 3 Gy and 6
Gy radiation showed that there are random foci of mild single-cell
hepatocellular necrosis, whereas, in the pretreatment groups (group
CAE_3Gy and CAE_6Gy); hepatocytes seem to be within normal
histological limits. This may be due to the time interval between irradiation and the harvesting of organs. Our findings contradict the
findings of Tonkiri et al. [17] who reported Costus afer extract’s
protective ability and showed that the extract could act as a potent
hepatoprotective agent against alcohol-induced liver cirrhosis. The
contradiction in the results of the present investigation may be because a short time frame between exposure and harvesting of organs was observed. It could also be that the extract was administered over a few days, and lower radiation doses (3 Gy and 6 Gy)
were used, which were insignificant when compared with radiation
dose tolerance of kidney and liver tissue. The 6 days administration
of Costus afer adopted in the present study is negligible compared
with the 6 weeks employed in the report of Tonkiri et al. [17]. The
administration of the extract over a few days may be one factor for
its non-significant effect in the histology analysis. However, the
present findings correlate with Udem and Ezeasor [31] report,
where the acute and subchronic toxicity of Costus afer was performed in mice. Their results showed no significant lesions in the
kidney, liver, heart of the experimental, and control mice were recorded as revealed in the histopathological analysis. The report of
their findings is in agreement with the result obtained from the
present study. Similarly, the present study agrees with the report of
https://doi.org/10.3857/roj.2021.00017

Ezejiofor et al. [44] on the activity of Costus afer against hyperglycemic induced hepatotoxic and histopathological changes; their
report showed no histological changes in the harvested organs.
However, the hematological analysis revealed that rats treated with
the extract of Costus afer had a significant increase in WBC, RBC,
Hb, and platelet count compared with the control group. Ezejiofor
et al. [44] also saw a significant increase in the lymphocyte level.
In conclusion, evidence from the present study indicates the
possible potential of Costus afer to mitigate radiation-induced hematological alterations. Even though CAE’s mechanism of action
exerts its protective effect is unknown, it may be due to its ability
to scavenge free radicals and reactive oxygen species. As reports
from literature show, the plant exhibited antioxidant property, capable of neutralising the toxic peroxides and hydroxyl ions formed
from the hydrolysis of water molecules after radiation exposure.
The various compounds such as polyphenols, flavonoids and other
antioxidants present in CAE may also protect hematopoietic cells
in mice against radiation-induced damage, leading to increased
blood counts in the hematological parameters. The histology examination revealed no visible lesion associated with irradiated and
treated mice’s kidney and liver. Further studies are warranted to
validate the histopathology analysis; we propose varying parameters such as an increase in radiation dose, latent period and quantity (dose) of the extract can help authenticate the radiation-induced disorder to the histopathological parameters. The results of
the hematology analysis from the present investigation support local claims of the therapeutic uses of Costus afer in the treatment
of various kinds of ailments in folklore medicine; thus, Costus afer
plant may be a potent radioprotector in the treatment of cancerous
cells and for general use in case of a radiation emergency.
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Pediatric glioblastoma (pGBM) is a rare entity accounting for only approximately 3% of all childhood
brain tumors. Treatment guidelines for pGBM have been extrapolated from those in adult glioblastoma. Rarity of pGBM and underrepresentation of pediatric population in major studies precludes from
defining the ideal treatment protocol for these patients. Maximum safe resection is performed in
most of the cases followed by postoperative radiotherapy in children over 3 years of age. Benefit of
temozolomide is unclear in these patients. Here, we present the clinicopathological details and outcome of six pGBM patients treated at our institute in 2018–2019.
Keywords: Child, Glioblastoma, Genetics, Radiotherapy, Temozolomide

Introduction
Glioblastoma (GBM) is the most common primary malignant brain
tumor in adults with a dismal 5 years survival of < 5% [1]. However, pediatric GBM (pGBM) is rare entity which consists of only 2%–
3% of all childhood brain tumors [1]. According to the Central
Brain Tumor Registry of the United States (CBTRUS) data, the incidence of pediatric high-grade glioma (HGG) is around 0.85 per
100,000 children [2]. Owing to the rarity of pGBM, most of the
studies have clubbed all HGG together without separately analysing GBM, limiting the information on its incidence, management
protocol and outcome. Thus, despite the inherent difference in genetic and molecular profile, treatment guidelines for pGBM patients are indistinguishable from that in adult GBM patients. Maximum safe resection is performed wherever feasible followed by

postoperative radiotherapy (PORT) along with concurrent and adjuvant temozolomide (TMZ). However, radiotherapy (RT) is usually
avoided in very young children of less than 3 years of age to prevent the potential risk to developing brain.
In this paper, we aimed to describe the clinicopathological details and outcome in a series of six cases of pGBM treated at our
institute (Table 1) and review the literature on this issu. All patients
underwent surgery and the diagnosis was confirmed on morphology and immunohistochemistry (IHC) followed by sub-categorization of tumors using the glioma panel. As pGBM is an uncommon
entity, the histopathological slides were reviewed again to reconfirm the diagnosis.

Copyright © 2021 The Korean Society for Radiation Oncology
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Table 1. Clinicopathological details and outcome of pediatric glioblastoma patients
Case 1

Case 2

Case 3

Age (yr)/Sex
Clinical presentation

4/M
Headache and
vomiting from
two months

5/M
Headache and
vomiting from
one month

11/F
Headache and
vomiting from
two months

Site

CP angle

Temporoparietal

Parieto-occipital

Type of surgery
Histopathology
Immunohistochemistry
IDH
ATRX
p53
INI
BRAF
H3K27
PORT
Concurrent TMZ
Number of adjuvant
TMZ
MRI brain after 3–4 cycles of adjuvant TMZ
Survival

GTE
GBM

GTE
Epithelioid GBM

Wild
Lost
Negative
Retained
Negative
Negative
None
None
None

Wild
Lost
Negative
Retained
Negative
Not done
25 Gy/5 fx
None
6 cycles

Case 4

Case 5

Case 6

16/F
18/M
One episode of par- Headache, vomittial seizures
ing, right sided
weakness from
one month
Fronto-temporal Fronto-parietal

GTE
Giant cell GBM

15/M
Headache, vomiting
and visual disturbances from one
month
Thalamus and midbrain
GTE
GBM

NTE
GBM

GTE
GBM

Wild
Lost
Positive (mutant)
Retained
Negative
Negative
60 Gy/30 fx
Yes
8 cycles

Wild
Lost
Positive
Retained
Negative
Positive
60 Gy/30 fx
Yes
6 cycles

Wild
Lost
negative
Retained
Negative
Not done
60 Gy/30 fx
Yes
6 cycles

Non-contributory
Lost
Negative
Retained
Negative
Not done
60 Gy/30 fx
Yes
12 cycles

Disease progression Residual disease
Residual disease
Residual disease
Residual disease
Complete response
after surgery
Died 3 months af- Alive at 12 months Death after 13
Alive at 15 months Alive at 11 months Alive at 21 months
ter diagnosis
of diagnosis
months of diagof diagnosis
of diagnosis
of diagnosis
nosis

GTE, gross total excision; NTE, near total excision; GBM, glioblastoma; PORT, postoperative radiotherapy; TMZ, temozolomide.

Case Reports
Case 1
A 4-year-old boy was evaluated for persistent headache and vomiting from last 2 months. Contrast enhanced magnetic resonance
imaging (CEMRI) of the brain revealed a 3.9 × 3.7 × 4 cm sized
space occupying lesion (SOL) in the right cerebellopontine angle for
which he underwent gross total excision (GTE) of the tumor (i.e.,
> 90%). The diagnosis of GBM was confirmed on histopathology
and the tumor was categorised as GBM, IDH R132H-wild type;
lacking ATRX, p53, and H3K27M mutation. A repeat magnetic resonance imaging (MRI) brain after 4 weeks revealed massive disease
recurrence. Unfortunately, he could not receive adjuvant treatment
due to poor performance status and expired after 3 months of surgery. Informed consent was obtained from the guardians.

Case 2
A 5-year-old boy presented with complaints of headache, nausea
and vomiting for the duration of 1 month. On evaluation, CEMRI
brain demonstrated heterogeneously enhancing SOL in left temporo-parietal region along with midline shift. He underwent GTE of
the tumor with postoperative histopathology findings of epithelioid
https://doi.org/10.3857/roj.2020.00591

GBM negative for BRAF V600E mutation. The child defaulted and
presented after four months of surgery for PORT. MRI brain before
PORT planning showed large residual disease and thus he received
hypofractionated RT with 25 Gy in 5 fractions over 5 days by
three-dimensional conformal radiotherapy (3DCRT) technique. The
child responded well to the treatment and received maintenance
TMZ (175 mg/m2 on day 1–5 every 28 days) for six cycles. A repeat
CEMRI brain after third and sixth cycle of TMZ showed residual
disease. Currently, after 12 months of diagnosis, he is stable and on
follow-up with 3 monthly MRI.

Case 3
An 11-year-old female visited hospital for headache and vomiting
of 2 months duration. On investigation, she was found to have
ill-defined signal intensity in right parietal-occipital region with
mid line shift on CEMRI brain. She underwent GTE of the tumor
and on histology, the tumor showed features of GBM, giant cell
variant that contained p53 mutation; however, it was negative for
IDH R132H mutation. The tumor cells revealed ATRX and p53 mutation. Microscopic appearance and IHC has been shown in Figs. 1
and 2, respectively. She received PORT with 60 Gy in 30 fractions
over 6 weeks by 3DCRT technique with concomitant TMZ (75 mg/
73
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A

B

C

D

Fig. 1. (A) Low magnification showing tumor cells dispersed in sheets separated by areas of palisading necrosis (H&E, ×100). (B) Markedly pleomorphic cells dispersed in sheets against a fibrillary background (H&E ×200). (C) Many bizarre cells including tumor giant cells are seen. Mitoses was readily identified (H&E, ×200). (D) High magnification depicting tumor giant cells with scattered apoptotic bodies (H&E, ×400).

A

B

C

D

Fig. 2. (A) Tumor cells negative for IDH1 R132H mutant protein (immunoperoxidase, ×400). (B) Tumor cells show loss of nuclear expression of
ATRX (mutant phenotype) (immunoperoxidase, ×200). (C) Strong and diffuse immunopositivity for p53 protein (mutant phenotype) (immunoperoxidase, ×200). (D) Tumor cells show retained expression of H3K27me3 indicating absence for H2K37M mutant protein (immunoperoxidase,
×200).

m2) and eight cycles of adjuvant TMZ (175 mg/m2). It was planned
to continue TMZ for a total of 12 cycles; but the disease progressed
and she succumbed to the disease, 13 months after the diagnosis.

Case 4
A 15-year-old child presented with complaints of headache, vomiting and visual disturbances from last 1 month. His brain MRI
showed 5 × 3.9 × 4.9 cm sized mass lesion in left thalamus and lateral aspect of midbrain with perilesional oedema. He underwent
craniotomy and GTE of the tumor, which, on histology was diagnosed as GBM, lacking IDH R132H and ATRX mutation, however it
revealed p53 mutation. Owing to the midline location, the tumor
was evaluated for H3K27M protein and was found to be positive
for H3K27M mutant protein. The child received PORT with 60 Gy in
30 fractions over 6 weeks with concomitant and six cycles of adjuvant TMZ. Follow-up CEMRI of the brain after treatment completion showed small residual disease. Currently he is asymptomatic
after 15 months of the diagnosis. Fig. 3 is showing target delineation on CT/MRI fusion at the time of radiotherapy.

Fig. 3. CT/MRI fusion at the time of radiotherapy planning is showing large residual disease in case 4. Entire T2 signal abnormality on
MRI along with post-operative cavity was included in GTV. A margin
of 2 cm was given to GTV to create CTV. Further a margin of 0.5 cm
was given to CTV to create planning target volume. CT, computed tomography; MRI, magnetic resonance imaging; GTV, gross tumor volume; CTV, clinical target volume.

Case 5
A 16-year-old girl presented with one episode of partial seizures 15
days back. CEMRI brain demonstrated 3.6 × 3.6 × 2.3 cm sized het74
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erogeneously enhancing tumor in fronto-parietal lobe. She underwent near total excision (NTE) of the tumor and the histopathology
report confirmed the diagnosis of GBM, IDH R132H wild type lacking ATRX and p53 mutation. Following surgery, she received PORT
with 60 Gy in 30 fractions over 6 weeks by 3DCRT technique along
with concomitant and six cycles of adjuvant TMZ. Repeat MRI after
treatment completion showed residual disease in the brain; however, she is asymptomatic after 11 months of diagnosis.

Case 6
An 18-year-old boy presented with headache, vomiting and progressive weakness of right side of body from past 1 month. His CEMRI brain showed a large heterogeneously enhancing tumor of size
5.6 × 3.6 × 4.3 cm in fronto-parietal lobe with midline shift. He underwent GTE of tumor and the histopathology report suggested the
diagnosis of GBM lacking IDH, ATRX, p53, and BRAF mutation. He
received PORT with 60 Gy in 30 fractions over 6 weeks by 3DCRT
technique along with concomitant and 12 cycles of adjuvant TMZ.
Currently he is stable after 21 months of diagnosis.

Discussion and Conclusion
GBM is a rare entity in pediatric population with actual incidence
varies across the studies. Most of the published studies have combined GBM and other HGG in pediatric population together; making it difficult to assess the real incidence of pGBM. Another challenge in determining the actual incidence of pGBM is discrepancy
in defining the pediatric age group that ranges from 16 to 21 years
in different studies. An overall survival (OS) of 10–73 months has
been reported in pGBM in various studies which is slightly higher
than that in adult GBM patients [3]. Aetiology of pGBM is not clear
and majority of the pGBM are sporadic although genetic causation
has been reported in few studies [4,5]. It has been shown to be associated with certain syndromes like neurofibromatosis, Li-Fraumeni syndrome and Turcot syndrome [4]. pGBM patients may also
harbour the matrix metalloproteinase (MMP-1) genotype [5]. Previous exposure to ionising radiation is also thought to be a causative factor.
pGBMs are commonly reported in second decade of life with a
slight male preponderance, though in utero cases have also been
reported [6]. In our case series, two and four patients were diagnosed in first and second decade respectively. Supratentorial brain
is the commonest location for pGBM of which, cerebral hemispheres account for approximately half of the cases and frontal
lobe is the most commonly involved lobe [7]. In infratentorial compartment, brainstem constitutes approximately 20% of the cases
while cerebellum accounts for only 1%–2% of the cases of pGBM
https://doi.org/10.3857/roj.2020.00591

[7]. Majority of the patients in our study (80%) had supratentorial
tumors which is in sync with the literature.
The 2016 World Health Organization classification of central
nervous system (CNS) tumors has incorporated molecular phenotype into the morphology for better prognostication. IDH1 mutation forms the basis for sub-classifying gliomas into IDH1 mutant
and wild-type [8]. While pGBM and adult GBM share similar histological features, they differ in genetic and epigenetic landscape
such that they should be regarded as molecularly distinct entities
[9]. IDH mutation is rare while mutation in F3A, H3K27M and H3.1
gene are commonly encountered in pGBM as compared to adult
counterparts [10]. Tumors harbouring H3K27M mutation arise in
the midline and connotes a poor prognosis. In our series, none of
the cases had IDH1 mutation (n = 0/6). H3K27M mutation was
detected in only one case. BRAF V600E was evaluated in four tumors and was not detected in any case. Studies on O6-Methylguanine-DNA Methyltranferase (MGMT) promoter methylation have
revealed little significance in pGBM indicating the reason behind
low efficacy of TMZ [11]. MGMT promoter methylation status was
not assessed in our cases.
Standard treatment guidelines are not available for pGBM cases.
Results of the landmark study by Stupp et al. [12] established maximal safe resection followed by PORT along with concurrent and
adjuvant TMZ as the standard of care for GBM. However, this trial
included patients only in the age group of 18–70 years. Outcome in
pGBM varies across the studies with 5 years survival ranging from
15% to 40% which is slightly better as compared to the adult
counterpart [14–16]. Role of extent of resection (EOR) and tumor
location in pGBM has been studied in few studies. In SEER analysis
EOR was found to be one of the most important factors affecting
outcome in pGBM patients as in adults [13]. In this analysis, a median OS of 12 months was observed with 1-, 2- and 5-year survival
rates of 51.7%, 28.3%, and 15.7%, respectively. Song et al. [14]
evaluated long-term outcome in 23 pGBM patients and found that
median OS was significantly associated with tumor location (52
months for superficially located tumors vs. 7 months for deeply located tumors; p = 0.017) and EOR (106 months for completely resected tumors vs. 11 months for incompletely resected tumors; p <
0.0001). In one of the largest study, pGBM constituted approximately 1.15% of all GBM cases and approximately half of them received combined modality treatment with surgery, PORT and chemotherapy [10]. Though the median OS in pediatric patients was
same as reported for adults (15 months); slightly high 5-year OS
(17%) was observed in pGBM patients. Ansari et al. [15] reported a
median OS of 21.48 months after subtotal resection as compared
to 33.80 months after GTE.
RT is integral part of the treatment in pGBM as in adults and a
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radiotherapy dose of 50–60 Gy has been used in various studies
[16]. Trials on altered fractionated RT have not yielded successful
results [17]. In contrast to adult GBM, benefit of TMZ is debatable
with institutional experiences vary from adjuvant radiation alone
to radiation along with TMZ or other alkylating agents. Mallick et
al. [16] has observed favourable results for pGBM patients receiving both concurrent and adjuvant TMZ.
In our study, five out of six patients received adjuvant treatment.
One patient received hypofractionated RT followed by six cycles of
adjuvant TMZ while four patients received conventional fractionation RT with concurrent and 6–12 cycles of adjuvant TMZ. All patients initially responded well to the treatment. Unfortunately, one
patient succumbed to the disease after 13 months of diagnosis
while rest of the four patients are stable after 11, 12, 15 and 21
months of diagnosis. One child got expired even before the initiation of adjuvant treatment.
Unlike adults, the role of anti-VEGF therapy (bevacizumab) is controversial in pGBM due to infrequent expression of VEGF receptor
[18]. Bevacizumab alone or with combination of irinotecan has also
not proven to be effective [18]. Somatic mutation of PDGFRA (platelet-derived growth factor receptor A) has been recently reported in
pGBM, hence prompting anti PDGFRA therapy which includes tyrosine kinase inhibitors like imatinib, erlotinib, gefitinib (anti-EGFR),
and tipifarnib [19]. More recently poly(ADP-ribose) polymerase
(PARP) inhibitors, i.e., olaparib have also shown to improve outcomes
in pediatric HGG with BRCA mutation [20].
Although rare, possibility of glioblastoma should always be considered in a child with radiological features of high grade tumor in
the brain. Despite the genetic and epigenetic differences, treatment
recommendations for pediatric glioblastoma patients remain the
same as in adult patients leading to dismal outcome. Till date, no
targeted therapies have been proven to be effective in these patients. Future research should focus towards better understanding
of biology and genetics and thus to improve outcome.
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Brain metastases are common in stage IV malignant melanoma, carrying a prognosis traditionally regarded as severe, with a median survival of few months. Recently introduced systemic therapies as
targeted therapy or immunotherapy have significantly improved the prognosis of metastatic melanoma. The optimal association of radiotherapy to such novel treatments has to be clarified. We report
on a 43-year-old woman with 10 brain metastases. Three of them were treated with stereotactic radiosurgery (SRS) with complete response even of the untreated lesions. As the patient was BRAF-mutated, she was started on dabrafenib/trametinib. After 8 months she developed new brain metastases,
which again responded to a new treatment with SRS. As after 7 months additional lesions appeared,
she was treated with whole brain radiotherapy and was started on nivolumab. Twenty months after
the first diagnosis of brain metastases the patient is fit without significant clinical and radiological
signs of toxicity.
Keywords: Star effect, Brain metastases, Melanoma, Radiotherapy, Stereotactic radiosurgery, Systemic therapy

Introduction
Brain metastases are a frequent event in many malignancies, the
commonest of which are malignant melanoma, lung and breast
cancers [1]. They affect 40%–60% of the patients with stage IV
melanoma, having carried a dismal prognosis until recently (median
survival being weeks if untreated, and less than 1 year for treated
patients) [2].
The traditional treatment for multiple brain metastases has been
whole brain radiotherapy (WBRT), reserving surgery, stereotactic
radiotherapy (SRT) or stereotactic radiosurgery (SRS) for patients
with a limited number of lesions (3 or less) [3]. The appearance of
novel systemic therapies such as immune checkpoints inhibitors
and molecular targeted therapies has dramatically improved the
prognosis of metastatic melanoma patients, even of those with

brain metastases [4,5].
In this new scenario it’s mandatory to reconsider the role of radiotherapy (RT) and find out the best way to combine it with the
aforementioned systemic therapies, aiming at improving the outcomes of these patients and minimizing the potential toxicities of
such an association. We report on the case of a young woman with
multiple melanoma brain metastases who has been treated with
target therapy and several courses of RT and who is doing well 20
months after the first diagnosis of brain metastasis.

Case Report
The informed consent has been signed by the patient. A 43-yearold Caucasian woman was initially diagnosed in 2010 with skin
malignant melanoma of the back (Breslow thickness 0.59 mm,
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Clark level III, negative lateral and deep margins, negative sentinel
lymph node). The follow-up was negative till February 2019, when
she was admitted for symptoms of intracranial hypertension.
A brain magnetic resonance (MR) documented at least 10 supratentorial lesions with the features of melanoma brain metastases
(Fig. 1) while a computed tomography (CT) showed secondary lesions in both the kidneys and in the left adrenal. The patient also
had a lesion of the neck which was pathologically proved to be a
melanoma metastasis, carrying mutation of BRAF V600E.
She underwent SRS of the three main brain lesions respectively
in the right and in the left frontal lobes and in the right temporal
lobe (10 Gy in single fraction to each lesion), and 5 days later was
started on dabrafenib/trametinib. It’s been chosen to treat those
lesions in order to potentially trigger a synergistic effect with a
systemic therapy which has a documented effectiveness also for
brain metastases as it crosses the blood-brain-barrier [6].
Actually, a CT scan performed 3 months later (Fig. 2) showed significant response of the treated lesions to the SRT and, very interestingly, a significant reduction in size of the other brain metastases which have not been treated.
The subsequent follow-up was negative for more than 8 months,
when a MR documented at least 3 new brain secondarisms (October 2019) (Fig. 3). Two of these lesions (in the right parietal lobe
and in the right thalamic area) were treated with SRS (10 Gy in
single fraction, December 2019); the systemic therapy with dabrafenib/trametinib has been withheld 5 days before and resumed 5
days after the SRS. After 5 months (May 2020), as a follow-up
brain MR showed an increase in number of lesions, dabrafenib/trametinib have been interrupted and the patient underwent WBRT
(30 Gy in 12 fractions).
Noticeably, in this time there have been no clinical neither radiological signs of toxicity due to the previous RT treatments, particu-

Fig. 1. A brain magnetic resonance image showing at least 10 supratentorial lesions with the features of melanoma brain metastases.
https://doi.org/10.3857/roj.2020.00724

larly no signs of radiation necrosis or hemorrhage. In particular, the
patient underwent a brain MR in October 2020, showing complete
response of the lesions and no new metastases. Subsequently a
second line therapy with nivolumab was started. At the moment
(October 2020) the patient is fit and well (Karnofsky Performance
Score [KPS] of 100).

Discussion
Malignant melanoma is the third commonest cancer metastasizing
to the brain, after lung and breast malignancies [1]. The 40%–60%
of the patients with stage IV melanoma have brain metastases, and
even recent data show a dismal prognosis for those patients (3 to 6
months) [7].

Fig. 2. A computed tomograph scan performed 3 months later
showed significant response of the treated lesions to the stereotactic
radiotherapy.

Fig. 3. The subsequent follow-up was negative for more than 8
months, when a magnetic resonance image revealed at least 3 new
brain secondarisms (October 2019).
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Even for this reason, such patients have been excluded from
clinical trials and traditional treatment for multiple melanoma
brain metastases has been WBRT, reserving surgery, SRS or hypofractionated SRT for the cases with a limited number of lesions (3 or
less) [3], even if there’s an increasing use of SRT also for patients
with a greater number of metastases, provided there is a relatively
good prognosis and a satisfying performance status [8].
The introduction of novel systemic therapies such as immune
checkpoints inhibitors and targeted therapies such as BRAF inhibitor (BRAFi) and mitogen-activated protein kinase inhibitor (MEKi)
has dramatically improved the prognosis of stage IV melanoma.
So far, there’s shortage of prospective trials regarding the optimal combination of novel systemic therapies and radiotherapy for
brain metastases. Nevertheless, nearly all of the current literature
agrees that in most cases their association can have promising
outcomes being in the same time safe and without significant increase in serious side effects [1,5,9].
Additionally, the use of high doses per fraction makes it possible
to take advantage of the abscopal effect, i.e., the phenomenon
whereby the irradiation of a lesion causes the regression of other
not treated metastases which are distant from the irradiated one
[10,11]. The proper definition of abscopal effect requires the absence of systemic therapy, so cases in which RT is combined with
target therapy and immunotherapy like the present one can be described more precisely as an example of systemic therapy augmented by radiotherapy (STAR) [12]. Consequently it’s possible to
observe patients with melanoma brain metastases whose overall
survival is far longer the traditional historical data.
For instance Saiki et al. [2] have reported on a patient with
BRAF-mutated melanoma treated with different courses of immunotherapy and vemurafenib and who is fit and well 59 months after treatment with Gamma Knife SRS of 98 brain lesions.
Abu-Gheida et al. [13] described the case of a 45-year-old woman with a BRAF-mutated melanoma with brain metastases. She received WBRT and two Gamma Knife SRS treatments for localized
disease progression. After about 6 months she was treated with a
second WBRT for ependymal disease progression and subsequently
maintained on BRAF and MEK inhibitors with brain disease control
for more than a year.
Our case is remarkable first of all because the patient is fit and
well without signs of toxicity 20 months after the onset of the first
brain lesion; and then because it confirms the possibility of exploiting a potential STAR effect, further improving the treatment’s outcome.
Such an outcome, as in the previously mentioned cases, should
be considered the result of the synergistic effect of systemic therapies and high-dose hypofractionated RT. In the treatment of brain
80

metastases such systemic therapies must obviously cross the
blood-brain-barrier as it’s been documented for dabrafenib/trametinib [6].
This case confirms that in patients with melanoma brain metastases it’s possible to achieve outcomes which are significantly better than the historical data, so clinicians should always consider an
aggressive treatment for these patients, avoiding a nihilistic approach, above all if they have a good performance status.
Radiobiological and translational research, as well as prospective
clinical trials, are needed to clarify the optimal association of SRT
and systemic therapies such as immunotherapy and target therapy
in patients with melanoma brain metastases, with particular consideration of timing and toxicities.
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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

용법 조절
투여 보류b
투여 중단b

투여 보류b

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

투여 보류
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

1~2 mg/kg/일의 프레드니손 또는 등가량의 투여를 시작한 후 용량 감량
투여 중단b
b

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

