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Chapter 1 

 

General Introduction 

 

Stereotactic radiotherapy  

 

Stereotactic body radiotherapy (SBRT) is a method of external beam radiotherapy 

which accurately delivers a high dose of radiation in one or a few treatment fractions to 

an extracranial target [1,2]. This technique was made possible only in recent decades 

with advancements in radiotherapy technologies.  Improved image-guidance, such as 

cone beam computed tomography, has allowed for reduced margins for positional 

uncertainty. Organ motion-management strategies including gating, tumor-tracking or 4-

dimensional computed tomography have also improved treatment accuracy. Finally, 

more conformal delivery is now possible with multiple conformal or intensity modulated 

beams or arcs. This can reduce dose to normal structures and potentially reduce 

treatment toxicity. Increased treatment accuracy and precision has allowed for safe 

dose escalation, such that with SBRT, ablative doses can safely be delivered to the 

tumor. Delivery of higher dose per treatment fraction results in a higher biologically 

effective dose and potentially improved tumor control.  

 

After its introduction first in Sweden for the treatment of lung and liver tumors in 1991, 

followed by Japan in 1994 and centers in the USA and Europe a few years later [3], 

early clinical results were published and showed promising rates of local control with 

low toxicity [4,5]. Over the next three decades, it would become widely adopted, despite 

a paucity of level I evidence to support its use. With its subsequent expansion to diverse 

anatomic sites, yet lack of supporting randomized data, evaluation of outcomes and 

prognostic factors through comparative effectiveness research is required. Cohort and 
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database studies may provide much-needed guidance for patient selection and an 

improved understanding of prognostic factors for this resource-intensive treatment.   

 

This thesis investigates SBRT for tumors in two anatomical sites: lung and oropharynx. 

SBRT treatment of these sites requires further optimization due to lack of current 

knowledge regarding appropriate patient selection criteria and, in the case of 

oropharyngeal tumors, clinical outcomes. 

 

SBRT in lung cancer 

 

Lung cancer is the most common cancer worldwide, with the highest associated 

mortality [6]. Due to risk factors of cigarette smoking and increasing age, lung cancer 

patients typically have a high burden of comorbid illness. Many patients are not fit to 

undergo primary surgical resection. The introduction of SBRT has provided a potentially 

curative and non-invasive alternative to surgery for patients with early stage disease. 

SBRT has become the first-line treatment option for medically inoperable early stage 

lung cancer and for patients refusing surgery [7]. The two small randomized trials 

published to date have shown SBRT to be superior to conventional RT in terms of local 

control [8] and toxicity [9]. 

 

SBRT in oropharynx cancer  

 

Oropharyngeal squamous cell carcinomas are relatively uncommon malignancies, 

however, the incidence of HPV-associated disease has substantially increased in recent 

years [10].  

To date, SBRT for head and neck malignancies has primarily been used in the setting of 

re-irradiation [11-13], or occasionally, for small nasopharyngeal carcinomas [14,15].  

 

At our institution, SBRT boost has been used for treating oropharynx cancer since 2005 

when it evolved to try to emulate the dose distribution provided by the long-used 

technique of brachytherapy boost.  
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Scope of this thesis  

 

The treatment of lung and oropharynx cancers with SBRT can be improved upon by 

gaining a better understanding of prognostic factors, which can be used to optimize 

treatment and patient selection. In early stage lung cancer, accurate prognostic models 

are lacking.  Similarly, prognostic factors and overall outcomes following SBRT boost for 

oropharynx cancer have not been studied. This thesis investigates prognostic factors in 

lung and oropharynx SBRT. 

 

Overview of chapters  

 

Lung SBRT: Chapter 2-5  

 

Chapter 2 introduces SBRT as one of the key recent developments in lung cancer 

radiotherapy. This chapter reviews defining features of SBRT and discusses recent 

technological advances in RT delivery.  

It also introduces the theme of patient selection, and tailoring the application of 

advanced radiotherapy technologies to those patients most likely to benefit.  

 

In early stage lung cancer, patient selection for SBRT remains challenging. The early 

stage lung cancer population is characterized by a high burden of comorbid illness and 

consists largely of patients ineligible for surgery due to advanced age and 

cardiopulmonary disease. Based on current literature and prognostic models, we cannot 

reliably identify patients who should not receive lung SBRT due to competing mortality 

risk [16]. Appropriate patient selection is important in order to utilize this resource-

intensive technique judiciously. SBRT requires more time-intensive treatment planning 

and more rigorous quality-assurance compared to conventional radiotherapy techniques 

[1]. Although recent consensus guidelines from the European Society for Radiotherapy 

and Oncology (ESTRO) identify short estimated life expectancy as a contraindication for 

treatment [7], prognostic factors for short-term survival have not been determined. This 

https://www.tandfonline.com/eprint/SNDviijgkcrvyrsAcgVF/full?target=10.1080/0284186X.2018.1532602
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is the objective of Chapter 3. Additionally, the Chapter compares two common indices 

for measuring patient comorbidity (Charlson Comorbidity Index and Cumulative Illness 

Rating Scale) with respect to their ability to predict early mortality following SBRT.  

 

Chapter 4 expands on the theme of prognostic factors and survival prediction. A 

nomogram is developed and validated, which can be used to generate survival 

predictions at the individual patient level.  

 

Due to the high burden of comorbidity, lung SBRT patients are at high risk should they 

develop treatment-related toxicity. While a number of SBRT delivery platforms are 

available, the CyberKnife is advantageous in that it provides real-time tumor tracking 

and enables very precise and accurate treatment delivery [17]. However, fiducial 

markers are often required for treatment of lung tumors on the Cyberknife. Patients with 

underlying cardiopulmonary comorbidity may be at high risk of complications from 

fiducial markers such as pneumothorax.  Chapter 5 investigates complication rates 

following fiducial marker placement.  

 

Oropharynx SBRT: Chapter 6-7 

 

Despite increasing implementation of SBRT for the treatment of head and neck tumors 

[11], large cohort studies reporting on outcomes are currently lacking. Survival and 

tumor control rates are needed in order to evaluate this treatment strategy against the 

current standard treatments, conventional (chemo)radiotherapy or surgical resection.  

 

Since its introduction at our institution for oropharynx cancer treatment in 2005, a large 

cohort of patients with small (T1- small T3) tumors have been treated with SBRT as a 

boost following conventional IMRT. Early studies suggested potentially improved 

swallowing function and quality of life compared to conventional RT [18,19]. Long-term 

outcomes, including cancer-specific survival, toxicity, and locoregional patterns of 

failure, have not been studied. Evaluation of late severe toxicity is needed, as a major 
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challenge in the application of SBRT to head and neck tumors has been the potential for 

severe late toxicity including soft tissue necrosis and carotid blow out [20-23].   

 

Indeed, due to the high dose per fraction in SBRT regimens, there is a risk of severe 

late toxicity following SBRT. Chapter 5 investigates rates of severe late toxicity in 

oropharynx cancer patients treated with SBRT boost. Prognostic factors for late toxicity 

are investigated as well.  

 

Local control and prognostic factors for locoregional failure are examined in Chapter 7. 

Due to the highly conformal nature of SBRT dose delivery, there is a theoretical 

increased risk of marginal miss and accurate tumor delineation is of increasing 

importance. However, patterns of failure with respect to the radiotherapy field has not 

been studied. This is investigated in Chapter 7. 

 

A discussion and summary of conclusions of this thesis is provided in Chapter 8. 



12 



13 

Chapter 2 

 

A critical review of recent 

developments in radiotherapy for 

non-small cell lung cancer 

 

 

 

 

 

 

 

 

 

 

S Baker1, M Dahele2, FJ Lagerwaard2, S Senan2 

 

1 Department of Radiation Oncology, Erasmus MC Cancer Institute, 

 Rotterdam, The Netherlands 

2 Department of Radiation Oncology, VU University Medical Center, 

Amsterdam, The Netherlands 

 

Published: Radiation Oncology. 2016;11(1):115 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27600665
https://www.ncbi.nlm.nih.gov/pubmed/27600665


14 

Abstract 

 

Lung cancer is the leading cause of cancer mortality, and radiotherapy plays a key role 

in both curative and palliative treatments for this disease. Recent advances include 

stereotactic ablative radiotherapy (SABR), which is now established as a curative-intent 

treatment option for patients with peripheral early-stage NSCLC who are medically 

inoperable, or at high risk for surgical complications. Improved delivery techniques have 

facilitated studies evaluating the role of SABR in oligometastatic NSCLC, and 

encouraged the use of high-technology radiotherapy in some palliative settings. 

Although outcomes in locally advanced NSCLC remain disappointing for many patients, 

future progress may come about from an improved understanding of disease biology 

and the development of radiotherapy approaches that further reduce normal tissue 

irradiation. At the moment, the benefits, if any, of radiotherapy technologies such as 

proton beam therapy remain unproven. This paper provides a critical review of selected 

aspects of modern radiotherapy for lung cancer, highlights the current limitations in our 

understanding and treatment approaches, and discuss future treatment strategies for 

NSCLC. 
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2.1 Background  

 

Lung cancer is the most frequently diagnosed cancer worldwide and the leading cause 

of cancer mortality, accounting for over 1.6 million deaths annually [24]. The role of 

curative-intent radiotherapy (RT) is well established in locally advanced [25] and early 

stage [26] non-small cell lung cancer (NSCLC). Nonetheless, the thorax remains a 

challenging anatomical site for RT delivery, due to the low electron density of lung, 

respiratory- and cardiac-induced tumor motion, and proximity of critical structures such 

as the esophagus and spinal cord. While advanced RT technologies can address many 

of these challenges [27–30], in most cases, the clinical benefit of such technology still 

needs to be demonstrated, especially since radiation oncology was the medical 

specialty generating the greatest increase in Medicare expenditures between 2003 and 

2009 [31]. However, the evaluation of new technologies remains challenging. This 

review will discuss the current state of modern RT for NSCLC, limitations, and 

strategies to improve clinical outcomes in the future. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR1
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR2
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR3
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR4
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR7
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR8


16 

2.2 Early stage, localized disease: lung SABR 

 

The impact of advanced RT technology is perhaps most evident in the setting of early-

stage NSCLC. Stereotactic ablative radiotherapy (SABR) is now considered the 

standard of care for medically inoperable patients with peripheral early-stage NSCLC 

[26]. SABR utilizes small margins for positional uncertainty, facilitated by 4-dimensional 

computed tomography (4DCT), multiple conformal or intensity modulated beams or arcs 

and volumetric image-guidance [32]. While peripheral lung SABR can also be delivered 

without these technologies, newer techniques can increase treatment efficiency and 

user confidence. Treatment-related toxicity with peripheral lung SABR is modest [33–

35]. As SABR is not universally available, it is reassuring that data from the randomized 

SPACE study in patients with peripheral NSCLC suggest similar tumor outcomes with 

conventionally fractionated 3-dimensional conformal radiotherapy to 70 Gy [36]. 

There is an ongoing debate about the role of SABR in patients who are fit to undergo 

surgery [32]. A pooled analysis of two randomized trials of operable patients which 

closed prematurely due to slow accrual, showed a 16 % higher 3-year survival with 

SABR compared to surgery (p = 0.037). This was due to the higher rate of peri-operative 

mortality in the surgical group [37]. A propensity score matched analysis revealed that 

rates of treatment associated mortality and severe toxicity were lower with SABR for 

stage I-II NSCLC than with lobectomy performed by minimally-invasive video-assisted 

thoracoscopic surgery (VATS) [38]. Data from both retrospective [39, 40] and 

prospective phase II studies of SABR suggest survival outcomes similar to surgery [35, 

41]. Shared decision-making tools may assist operable patients and their clinicians to 

arrive at a management plan based on a patient’s preferences and values [42,43]. The 

role of SABR in surgical patients continues to be examined in 3 studies (NCT02468024, 

NCT02629458, NCT01753414), with a fourth (VALOR study) due to open this year. 

Both the SABRTooth and STABLE-MATES trials focus on high-risk patients. 

Further improvements in SABR outcomes may come from strategies to reduce the rates 

of local-regional and distant failure, and from technology improvements that facilitate 

SABR in challenging scenarios such as central tumors (Table 1). 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR3
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR9
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR10
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR13
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR9
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR14
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR15
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR16
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR19
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#Tab1
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Table 1. Challenges and solutions for difficult SABR scenarios 

 

 
Abbreviations: QOL quality of life; RT radiotherapy; SABR stereotactic ablative body radiotherapy; NSCLC non-small cell lung 
cancer; OAR organ at risk; PTV planning target volume  

 

2.3 Recurrences 

 

Local failures following SABR include recurrences in the treated lesion or involved lobe, 

which are in the order of 9–20 % at 5 years [35, 39]. True rates of local control can be 

                 Clinical Scenario  Challenges Potential Solutions Being Explored  

P
re

 T
re

at
m

e
n

t 

 
Incorporating patient 
preferences for treatment  
 
 
 
 
 
 
 
 
 
 
Obtaining a diagnosis  

 
Choice of SABR in operable NSCLC 
 
 
 
 
 
 
 
 
 
 
 
Risks of treating benign disease 
Risks of biopsy in frail patients 
 

 

• Shared decision-making [19, 20]  

• Comparative effectiveness research 
(including patient-reported outcomes, 
QOL and cost-effectiveness analyses) 
with “big data” strategies to facilitate 
data mining  

• RCTs underway (NCT02629458, 

NCT01753414 , NCT02468024, VALOR 

study ) 
 
 

• Use validated models for cancer risk 
determination in a given population [9] 

• Exploring blood biomarkers [119] 

 T
re

at
m

e
n

t 

 
Central tumors  
 
Multiple primary lung cancers  
 
 
 
Oligometastases  
 

 
Proximity to OARs 
Uncertainty in OAR location  
Uncertainly in OAR dose constraints 
Higher pneumonitis risk  
 
 
Identify molecular and clinical 
characteristics of patients likely to 
benefit from ablative local therapies 
 
Optimize sequencing of RT and new 
systemic treatments  
 

 

• “Big data” strategies to establish more 
reliable OAR dose constraints  

• MRI-guided adaptive RT [44] 

• Protons [41] 
 
 

• Phase I-II trials, and well as randomized 
trials  

Fo
llo

w
-u

p
 

 
Detection of recurrences  
 
 
 
Survivorship issues  
 

 
Distinguishing post-RT fibrosis vs 
recurrent disease  
 
 
Loco-regional recurrences and second 
lung tumors  
Smoking cessation 
 

 

• Radiomic approaches [24] 
 
 
 

• Survivorship clinics [120] 

• Patient-reported outcomes, including 
financial impact 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR16


18 

difficult to ascertain due to post treatment fibrosis, and radiologic changes can continue 

to evolve many years after treatment [44]. So-called ‘high-risk features’ on serial 

computed tomography (CT) scans may allow post-SABR fibrosis to be distinguished 

from local recurrence [45, 46] and image texture analysis merits investigation for the 

early identification of disease recurrence [47]. Radiological follow-up in accordance with 

ESMO guidelines may enable early identification of salvageable local/regional failures 

[48–50]. 

Regional lymph node failures have been observed in between 13–15 % of SABR 

patients at 5 years [35, 39] which appears comparable to lobectomy [38, 51, 52]. The 

role of routine endoscopic mediastinal and hilar nodal staging in patients without 

suspicious findings on positron emission tomography (PET)-CT studies is currently the 

subject of prospective studies [NCT01786590; NCT02719847]. When isolated hilar or 

mediastinal nodal failures occur, salvage radiotherapy may be possible in more than 

50 % of patients, and appears well tolerated [53]. 

Approximately 20 % of patients develop distant disease recurrence following SABR [54, 

55], which is once again similar to that observed after surgery. This suggests that 

systemic therapies could be of benefit in selected patients, although the recruitment of 

medically inoperable, elderly patients into studies exploring combined SABR and 

cytotoxic chemotherapy has proven to be challenging (NCT01300299). 

2.4 Central early-stage NSCLC 

 

The Advanced Radiation Technology Committee of the International Association for the 

Study of Lung Cancer (IASLC) has defined ‘central tumors’ as those located within 2 cm 

in all directions of any mediastinal critical structure, including the bronchial tree, 

esophagus, heart, brachial plexus, major vessels, spinal cord, phrenic nerve, and 

recurrent laryngeal nerve [56]. It is notable that severe toxicity was reported following 

delivery of SABR in 3 fractions to doses of 60–66 Gy to central tumors [57], but not 

when ‘risk-adapted’ dosing strategies were used [35]. Both a systematic review [58], 

and a recent update [59], suggest that risk-adapted SABR delivered in 8 fractions is an 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR21
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR22
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR24
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR25
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR27
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR15
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR30
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR33
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR34
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR35
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR36
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effective treatment for moderately central tumors. However, tumor location may help to 

explain some of the differences between reports. It is important to distinguish 

‘moderately central’ tumors from lesions immediately adjacent to central airways, so-

called ‘ultracentral lesions’ (Fig. 1). The latter term has been used to describe a PTV 

that overlaps the trachea or main bronchi [60], with increased toxicity reported for this 

subgroup after both conventional and hypo-fractionated radiotherapy schemes [60–62]. 

A retrospective study reported that likely or possibly treatment-related deaths occurred 

in 7.5 % of patients with moderately central tumors [59]. The recent Radiation Therapy 

Oncology Group (RTOG) 0813 trial aimed to establish the safest dose that can be 

delivered in 5 fractions for central lesions [63]. Preliminary data reported that patients 

treated with the highest dose level (60 Gy in 5 fractions) had a 23 % rate of grade 3–5 

toxicity. It should be acknowledged that the true radiation tolerance for central organs at 

risk (OARs) remains unknown, and uncertainty in tumor and OAR positions during 

treatment adds to our inability to determine true cumulative doses. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#Fig1
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR37
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR37
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR39
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR36
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR40
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Figure 1. Definitions and examples of central and ultra-central lung tumor 

 

a) Diagram of the central airways of the lung. 
Reprinted with permission. ©2006. American Society of Clinical Oncology. All rights 
reserved. Timmerman, R et al: J Clin Oncol 24(30), 2006: 4833-9. 
The black dashed line defines the location of tumors that are central relative to the proximal 
bronchial tree. The term central has been widened to include the region within 2 cm in all 
directions of any mediastinal critical structure, including the bronchial tree/trachea, esophagus, 
heart, brachial plexus, major vessels, spinal cord, phrenic nerve, and recurrent laryngeal nerve. 
The region shaded red shows the trachea and main bronchi, and lesions with a PTV which 
overlaps this region are considered as ultracentral. 
b) Example of ultracentral tumor (planning target volume in red and main bronchi/trachea in 
yellow). 
c) Example of central tumor. 

 

It has been suggested that proton beam therapy (PBT) can allow for dose reduction to 

central structures [64], although the benefits of PBT may be questionable given its 

susceptibility to anatomic and positional variations [65]. Although on-line matched cone 

beam CT scans can be used to image OARs prior to irradiation [66], the field has been 

advanced by the recent introduction of magnetic resonance imaging (MRI) -guided RT 

delivery (MRIdian System, Viewray Inc, Cleveland, OH). The MRIdian platform 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR41
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR42
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR43
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facilitates online adaptive radiotherapy, and allows for direct tumor visualization during 

treatment delivery at 4 frames per seconds in the sagittal plane [44]. During gated 

radiotherapy using breath-hold mode, the system automatically shuts-off radiation 

delivery with a lag-time of 0.4 s (or less) when the target is outside pre-specified safety 

margins (Fig. 2). A number of other linac-MR delivery platforms are in development [68–

70] and may contribute to advances in the practice of central SABR. 

 

2.5 Multiple primary lung cancers 

 

The incidence of multiple synchronous primary lung cancers (MPLCs) can be as high as 

4–8 % [71], and second primary lung cancers occur at a rate of approximately 3 % per 

year [50]. Several studies report excellent local control and modest toxicity following 

SABR for MPLCs [72–74]. As larger volumes of some OAR’s are irradiated in this 

situation, strategies designed to reduce tumor motion and dose to OARs are warranted. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR44
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#Fig2
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR45
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR47
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR48
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR27
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR49
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR51
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Figure 2. Comparative treatment plans for MRI-guided radiotherapy using breath-hold versus a 

standard free-breathing internal target volume (ITV)-based approach for a central tumor in a 

patient with interstitial lung disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6 SABR and stage IV disease 
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In a randomized trial, surgical resection of a single brain metastasis combined with 

whole brain RT, more than doubled median survival from 15 to 40 weeks, and 

lengthened functional independence compared to RT alone [75]. More than three-

quarters of patients in the study by Patchell et al. consisted of patients with NSCLC. In 

unselected oligometastatic patients, however, rates of progression-free survival (PFS) 

are highly variable, suggesting that many have more widely disseminated occult 

disease. In retrospective studies, rates of 5-year survival may approach 50 % in highly 

select patients, namely those with metachronous lesions, lower number of metastases 

and a good performance status [76]. A recent multi-centre phase II trial randomized 

NSCLC patients with ≤ 3 metastases who did not progress after first line systemic 

treatment to either local consolidative therapy (surgery, RT or chemo-RT to all 

metastases, with or without systemic therapy) or to systemic therapy alone [77]. The 

study was closed early after only 49 patients were enrolled when interim analysis found 

the median PFS in the consolidative therapy arm to be 14.4 months compared to 

3.9 months in standard arm. Although these findings are provocative, the limited patient 

numbers mean that additional studies will be required. The interest in exploring ablative 

treatments for oligometastatic disease will increase following the proposed revision in 

the 8th Edition of the TNM lung cancer classification system, where the current M1b 

category is subdivided into a new M1b, comprising a single extra-thoracic metastasis in 

a single organ, and M1c, encompassing multiple extra-thoracic metastases [78]. 

Another area of investigation is the use of SABR in the setting of oligo-progression, 

where disease that has initially responded to systemic treatment, subsequently 

demonstrates limited progression [79]. In patients with stage IV disease who receive 

molecular targeted therapy for an activating mutation of the EGFR receptor, or an ALK-

translocation, and who subsequently develop progression at limited sites, the use of 

local ablative therapies is now recommended in the European Society for Medical 

Oncology (ESMO) guidelines [80]. 

2.7 Locally advanced NSCLC 

 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR52
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Stage III NSCLC remains a challenging disease to treat. In randomized trials, the 

addition of surgery has not been shown to be of benefit to overall survival (OS), 

compared to definitive concurrent chemoradiotherapy (CRT) (Table 2). In a phase III 

trial of concurrent CRT, radiation dose escalation to 74 Gy had a detrimental effect on 

survival [81]. Rates of local and distant failure after CRT have remained constant over 

time (approximately 30–40 and 40–50 %, respectively) however median OS has 

improved modestly, by approximately 10 months (Table 3). The reasons for this 

improvement in OS are uncertain, but stage migration due to improved imaging may be 

one contributory factor [82]. In addition, the incidence of high-grade radiation 

pneumonitis and esophagitis has decreased significantly in the past decade [83]. 

Survival improvements may also reflect the availability of effective systemic therapies 

for the 50 % of patients who relapse with systemic disease [84], although the use of 

such therapies is not routinely captured in trials. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#Tab2
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Currently, ESMO recommends conventionally fractionated CRT to 60–66 Gy, with two 

to four concomitant cycles of chemotherapy to treat locally advanced NSCLC, with no 

evidence for induction or consolidation chemotherapy [2]. In patients unfit for concurrent 

CRT, accelerated RT delivery is suggested. In practice, significant numbers of patients 

are not fit to undergo CRT; 20 % or more of patients with stage IIIA receive only 

palliative treatment, with another 12 % receiving RT as a single modality [85]. In 

patients eligible only for RT, image-guided hypofractionated RT is a strategy that merits 

investigation, although it should be acknowledged that competing causes of mortality in 

such patients may limit major improvements in OS. 

 

2.8 Post-operative RT 

 

The role of post-operative RT (PORT) in patients with completely resected N2 disease 

remains unclear [86]. An earlier meta-analysis using older radiotherapy techniques 

failed to show a survival benefit for this patient group [87]. More recent population 

studies have suggested a survival benefit with PORT for pN2 disease [88, 89]. 

However, pre-operative mediastinal lymph node staging has improved significantly in 

the past decade, with the use of FDG-PET scans and endoscopic staging, resulting in 

N2 disease that is discovered only at the time of surgery being a less common scenario. 

Definitive conclusions of the role of PORT in N2 disease must await the results of an 

ongoing phase III trial, in which both surgical procedures and RT techniques are clearly 

specified (LungART, NCT00410683). 

2.9 Have newer RT technologies improved survival in stage III NSCLC? 

 

A number of innovations in RT have been introduced in the past two decades [90]. The 

replacement of conventional treatment simulation with CT simulation has been 

associated with a survival advantage in the SEER population [29]. Guidelines now 

recommend 4DCT simulation, and cone beam CT (CBCT) for image-guidance which 

has reduced planning target volume (PTV) margins [91]. More accurate dose calculation 

algorithms are in clinical use [27], and more conformal radiation delivery can be 

achieved with intensity-modulated RT (IMRT) and PBT [30, 92]. Improved OAR sparing 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR2
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR62
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https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR67
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR6
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https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR4
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with more conformal dose distributions, and on-line image-guidance, may have 

contributed to the approximately 10 % reduction in acute esophagitis rates seen in 

recent years (Table 2). 

2.10 Intensity-modulated RT 

 

Planning studies have consistently demonstrated gains with IMRT compared with 3- 

dimensional conformal RT (3DCRT), for metrics including mean lung dose, lung V20, 

spinal cord dose, and heart doses [30, 93]. However volumes of low-dose irradiation 

may increase with some IMRT delivery approaches [94] (Fig. 3). IMRT has been rapidly 

adopted for lung cancer despite a paucity of evidence [95]. A SEER analysis suggested 

that the main predictors of IMRT utilization were geographical location, and freestanding 

versus hospital-based center, rather than disease factors such as tumor size or stage 

[96]. Most comparisons of IMRT and 3DCRT for locally advanced NSCLC come from 

retrospective single-institution and registry-based analyses, all with well-recognized 

limitations. A National Cancer Data Base (NCDB) analysis found that the use of 3DCRT 

or IMRT improved survival in stage III patients, versus those treated with CRT using 2-

dimensional RT(2DRT) [96]. However, when 3DCRT and IMRT were evaluated 

separately, there was no added survival with IMRT. Other analyses have also reported 

no survival or toxicity improvement with IMRT [96, 98, 99], although these studies were 

conducted across heterogeneous patient groups. It is possible that the gains from IMRT 

are limited to specific patient groups, and another NCDB analysis suggested improved 

median and 5-year survival with IMRT for T3 and T4 tumors [100]. Unfortunately, many 

databases lack the comprehensive clinical and dosimetric data necessary to study the 

nature of the relationship between technology and outcomes. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#Tab2
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It is notable that in recent trials in which half or more of patients were treated with 

3DCRT, the rates of grade ≥ 3 pneumonitis following doses of up to 66 Gy, were only in 

the range of 1.2–7 % [81, 101, 102]. Data from the recent RTOG 0617 dose escalation 

study merit closer inspection [81]. Approximately equal numbers of patients were 

treated with 3DCRT or IMRT contemporaneously, avoiding the confounding time factor 

present in retrospective analyses. Despite the IMRT group having a mean PTV about 

15 % larger and more stage IIIB tumors, rates of grade ≥ 3 pneumonitis were reduced 

from 7.9 to 3.5 %. Furthermore, the IMRT cohort was more likely to receive full-dose 

consolidative chemotherapy [53], and reported less decline in quality of life at 

12 months [103]. However, patients treated at higher accruing centers experienced a 

striking 10 % survival advantage at 2 years [104]. These centers had higher rates of 

IMRT utilization, which was not independently predictive of survival, raising the question 

of whether the benefits attributed to IMRT in earlier analyses were in fact due to other, 

unrecognized factors associated with treatment at high accruing centers. Although the 

heart V5 and V30 were reported as predictive of survival in RTOG 0617, the lung dose, 

a well-recognized predictor of severe toxicity, was not included in the multivariate 

analysis. A subsequent analysis in an independent cohort found mean lung dose, but 

not heart doses, to be predictive of survival; there was a strong correlation between 

mean heart dose and heart V5 with the mean lung dose [105]. 

A number of groups are investigating if the IMRT delivery of higher doses to tumor 

regions that show high or persistent 18F-flurodeoxyglucose (FDG)-PET uptake, will lead 

to improved survival [NCT01024829; NCT02788461; NCT01507428; NCT02790190]. A 

common underlying hypothesis for these trials is that local relapses may be more 

frequent in the high FDG uptake regions of primary tumors. Outcomes of the ongoing 

trials are awaited. 

2.11 Proton beam therapy 

 

Facilities for PBT have grown rapidly in recent years, even though limited data exists for 

its cost-effectiveness in NSCLC [106, 107]. Highly conformal high dose distributions can 

theoretically be achieved, allowing for further reduction in doses to normal structures 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-016-0693-8#ref-CR58
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compared to IMRT [92, 108]. PBT is currently delivered either in passively scattered 

proton therapy (PSPT) mode, or pencil-beam scanning (PBS), which can deliver 

intensity-modulated proton therapy (IMPT). Planning studies have suggested that PBS 

can allow greater sparing of critical structures than PSPT [109, 110], but it may be more 

sensitive to changes in position or anatomy [64, 111]. 

A single-institution retrospective comparison of three treatment techniques (3DCRT, 

IMRT and PSPT) in locally advanced NSCLC, reported that proton delivery resulted in 

lower rates of grade 3 or higher pneumonitis and esophagitis (2 and 5 %, respectively; 

3DCRT, 30 and 18 %; IMRT, 9 and 44 %; p < 0.01 for all) [112]. However, the rates of 

esophagitis are inconsistent with findings observed in recent phase III studies. A 

prospective randomized trial led by the MD Anderson Cancer Center compared photon 

IMRT versus PSPT, and reported no differences in treatment failures, which were 

defined as either grade ≥3 pneumonitis or local failure at 1 year [113, 114]. A second 

phase III trial with a target accrual of 560 stage II-IIIB NSCLC patients is now underway 

(RTOG 1308). Both PSPT and PBS are still permitted in this study. While the improved 

OAR sparing with PBT makes it a seemingly attractive option for treating large tumors, a 

large volume has consistently been associated with poorer survival [115 - 117], which 

suggests that survival gains may be modest, at best. There is, therefore, currently no 

high-level evidence to support the routine use of proton therapy in locally advanced 

NSCLC, and evidence supporting IMRT is based on population-based analysis of 

patient sub-groups. 3DCRT therefore remains an important treatment option, especially 

as access to radiotherapy is limited in many countries, and escalating costs are of 

concern [118, 119]. 

2.12 Radiation and immunity 

 

RT can have an immune stimulatory effect by generating tumor antigens, promoting a 

T-cell mediated anti-tumor response, and potentially causing immune-mediated 

abscopal effects where distant non-target lesions can regress [120] (Fig. 4). However, 

abscopal effects are very uncommon [121]. Radio-immunotherapy is a field of active 

research, and much remains unknown regarding the optimal sequencing of treatments, 
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as well as optimal RT dose/fractionation schedules [122, 123]. Some data suggests that 

large doses per fraction used in SABR may be more effective, but the potential for 

unexpected toxicity exists, suggesting a need for careful treatment planning and 

delivery. More safety data will be forthcoming from ongoing clinical trials in this field 

[124]. 

Figure 4. Schematic representation of immune-mediated abscopal effects. The systemic 

proinflammatory effects of irradiating a tumor mass results in it being ‘hot,’ and acting as an ‘in-

situ tumor vaccine’ against distant non-irradiated tumors. Such a local response could be 

enhanced by administering immunostimulatory antibodies in order to attain an enhanced 

systemic effect, thereby exploiting the immune effects of radiotherapy. CTL cytotoxic T cell; RT 

radiotherapy.  

 

Reprinted with permission. Theresa L. Whiteside et al. Clin Cancer Res 2016; 22: 1845 – 1855.  

2.13 Challenges in evaluating new RT technologies 

 

While classic RCTs remain the gold standard for generating evidence, their applicability 

for evaluating RT technology has been challenged [125, 126]. The high costs involved, 

the potential for a learning curve with new technology [127], and ethical concerns with a 
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perceived lack of equipoise between older and new technologies, are all potential 

impediments. The extended duration of follow-up required to assess long-term toxicities 

precludes study completion in a timely manner, and by the time trial results are 

published, they may be considered invalid due to the interval evolution of technology. 

In certain situations, comparative effectiveness research may be a more practical and 

financially feasible approach for evaluating treatments [128, 129]. Prospective multi-

center registries provide access to large patient numbers and extensive data, which 

may be integrated and analyzed using a ‘big data’ approach [130]. Some authors have 

suggested that dosimetric/complication probability models may help identify patients 

most likely to benefit from advanced technologies [131], but there remains much 

uncertainty associated with such models [132]. Similarly, patient-reported outcomes 

(PROs) are being increasingly considered as important clinical endpoints, but PROs can 

be difficult to select and interpret as they may be influenced by diverse patient factors 

[133, 134]. The potential of PROs for evaluating radiotherapy research may be 

significant, as suggested by a mobile app interface for reporting patient-reported clinical 

symptoms in advanced NSCLC, that was shown to improve quality of life and survival 

[135]. 

By focusing on incremental improvements in technology, radiation oncologists may risk 

ignoring the fact that clinicians’ overall knowledge base and the patient’s health are 

often a more important determinant of patient outcome [136]. For example, a poor 

forced expiratory volume in one second (FEV1), and large gross tumor volumes, have 

been associated with a 3-fold increase in early mortality following CRT [137]. Interstitial 

lung abnormalities, as well as severe chronic obstructive pulmonary disease (COPD), 

are associated with high all-cause mortality [138, 139], and a higher risk of toxicity after 

CRT [140, 141]. Other patient factors, including weight loss during the first three weeks 

of CRT may also profoundly affect survival [142]. An improved understanding of what 

drives poor outcomes in patients with factors like large tumors and co-morbid illness is 

needed. If RT delivery is considered in isolation, measures such as the optimization of 
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fractionation schedules for a given patient, or spatiotemporal optimization of radiation 

dose, are unlikely to result in large improvements in outcomes [143]. 

Furthermore, more accurate distinction between toxicity related to treatment versus 

symptoms related to comorbidities is needed. Common COPD symptoms which may be 

present in patients at baseline can easily be mislabeled as a grade 3 pulmonary toxicity. 

Simply correlating observed toxicities with OAR dose-volume parameters is insufficient, 

due to uncertainty in delivered dose [144,145], and lack of anatomical and functional 

information. This means that more robust and comprehensive dosimetry reporting is 

needed in the future. 

2.14 Conclusion 

 

Although innovations in treatment planning and delivery have led to more precise and 

accurate RT delivery, for the majority of NSCLC patients, further improvements in 

treatment outcomes are likely to come about from an integration of novel biological 

treatment strategies based on an understanding of cancer and radiotherapy at the 

molecular level. Understanding which patients may benefit most from a given RT 

technology, as well as identifying those who are at high risk of treatment toxicity, may 

help tailor the application of advanced technologies to those most likely to benefit and 

promote a personalized approach to lung cancer radiotherapy. 
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Abstract  

 

Background/purpose: To investigate prognostic factors for death within 6 months of 

stereotactic body radiotherapy (SBRT) for patients with peripheral early-stage non-small 

cell lung cancer (NSCLC). 

Materials and methods: This analysis included 586 NSCLC patients with peripheral 

tumors treated with SBRT. Potential patient and tumor prognostic factors, including the 

Charlson Comorbidity Index (CCI) and Cumulative Illness Rating Scale (CIRS), were 

analyzed by logistic regression analysis for association with early mortality (death <6 

months after SBRT). Additionally, CCI and CIRS were compared with respect to their 

predictive ability for early mortality by comparing multivariate models with each 

comorbidity index, and assessing their respective discriminatory abilities (C-index). 

Results: A total of 36 patients (6.1%) died within 6 months of the start of SBRT. With a 

median follow-up of 25 months, 3-year overall survival was 54%. CIRS and tumor 

diameter were significant predictors of early mortality on multivariate analysis (p = .001). 

Patients with a CIRS score of 8 or higher and a tumor diameter over 3 cm had a 6-

month survival of 70% versus 97% for those lacking these two features (p < .001). CCI 

was not predictive for early mortality on univariate nor multivariate analysis; the model 

containing CCI had a C-index of 0.65 versus 0.70 for the model containing CIRS. 

Conclusion: CIRS and tumor diameter predict for early-mortality in peripheral early-

stage NSCLC treated with SBRT. CIRS may be a more useful comorbidity index than 

CCI in this population when assessing short-term life expectancy
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3.1 Introduction 

Stereotactic body radiotherapy (SBRT) provides a curative-intent treatment option for 

patients with inoperable early-stage non-small cell lung cancer (NSCLC). In years 

preceding the advent of SBRT, the majority of patients with severe comorbidities or 

advanced age were managed with palliative treatment or supportive care alone [154]. 

Studies in the Netherlands have demonstrated increased utilization of curative-intent 

treatment since the introduction of SBRT, with a corresponding improvement in survival 

rates [155]. 

Due to a high burden of comorbid illness in the lung SBRT population, rates of overall 

survival lag behind those for cancer-specific survival [156, 157]. Previously, we reported 

that more than two-thirds of deaths in a population of early-stage NSCLC patients were 

from non-cancer causes [158]. Indeed, a proportion of patients will not benefit from 

SBRT due to competing mortality and limited life expectancy. These patients may be 

better served with a supportive care approach, sparing patients the inconvenience and 

potential cost of SBRT, and utilizing the resource-intensive treatment more judiciously. 

As more reports emerge describing the favorable toxicity profile in octogenarians [159] 

and patients with severe COPD [160, 161], the decision between SBRT and best 

supportive care may become an increasingly frequent clinical dilemma. 

Short-term survival outcomes in this population, however, remain largely unstudied [16, 

156]. Although recent consensus guidelines from the European Society for 

Radiotherapy and Oncology (ESTRO) identify short estimated life expectancy as a 

contraindication for treatment [7], prognostic factors for short-term survival have not 

been elucidated. The primary objective of this study was to identify factors associated 

with early mortality, defined as death within 6 months of SBRT, in order to assist 

patients and clinicians with weighing the different management options for early-stage 

NSCLC. Secondarily, we aimed to compare two well-known comorbidity indices, the 

Charlson Comorbidity Index (CCI) and the Cumulative Illness Rating Scale (CIRS), with 

respect to their ability to predict early mortality. 

3.2 Materials and methods 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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Patients 

Consecutive peripheral early-stage NSCLC patients treated with 4-dimensional SBRT at 

the Department of Radiotherapy at Erasmus MC between August 2005 and January 

2017 were identified. Patients lacking histologic confirmation were recommended for 

SBRT based on positron emission tomography (PET)-CT scan findings and 

multidisciplinary tumor board review. Details regarding treatment protocol have been 

previously described [158, 162]. In brief, the gross tumor volume plus a 5 mm margin to 

account for microscopic tumor extension and geometric positional uncertainty was 

irradiated, typically in three fractions, on the Cyberknife radiosurgery system (Accuray 

Inc., Sunnyvale, CA). The following exclusion criteria were applied: central location 

(within 2 cm of the proximal bronchial tree), synchronous intrapulmonary lesions, 

histology other than NSCLC, delivered biologically effective dose (BED) < 100 Gy 

assuming an α/β ratio of 10, and follow-up time less than 6 months from the start of 

radiotherapy. Tumor staging was performed based on PET-CT scan, while mediastinal 

staging was based on PET-CT, mediastinoscopy, and/or endobronchial ultrasound 

(EBUS). For the present study, patients were re-staged according to American Joint 

Committee on Cancer (AJCC) 8th edition. Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) scores were obtained [163] and were not reclassified to reflect 2017 

criteria, since these incorporate comprehensive symptom assessment with validated 

questionnaires [164] and these data were not available retrospectively. Clinical and 

imaging follow-up was performed as previously described [158]. 

Comorbidity was assessed retrospectively using both CCI and CIRS, based on the 

electronic medical record. The CCI is a widely used metric to assess comorbidity and 

consists of 19 clinical conditions weighted for the relative risk of death. It was first 

developed in 1987 based on the 1-year mortality of patients admitted to a medical 

hospital service for a variety of reasons, and externally validated in a cohort of breast 

cancer patients [165]. The CIRS was developed in 1968 and scores the severity of 

disease in 13 organ systems from 0 (no problem) to 4 (extremely severe) [166]. Both 

CCI and CIRS have been used to study comorbidity burden in a variety of oncologic 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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populations with reliable results and good interrater reliability [167, 168]. For the present 

study, CCI and CIRS were scored as previously described [165, 166]. 

Statistics 

The primary endpoint was early mortality, defined as death within 6 months of the start 

of SBRT. Univariable analysis of potential prognostic factors for early mortality was 

performed using binary logistic regression analysis. Covariates included age, gender, 

Karnofsky Performance Status (KPS), operability, CCI, CIRS, smoking status 

(current/former versus never), GOLD score, previous malignancy, previous lung cancer, 

maximum axial tumor diameter, and lower lobe location. Tumor diameter was 

dichotomized based on size criteria for AJCC TNM T-staging (≤3 cm versus >3 cm). 

Other continuous variables were dichotomized based on the median value (≤median 

versus >median). CIRS and CCI were additionally analyzed as continuous variables. 

Variables with a p-value ≤.2 on univariable analysis were analyzed in a multivariate 

logistic regression analysis using the forward selection method. 

To compare the predictive ability of CCI and CIRS, two separate multivariate models 

were constructed and the discriminatory ability of each model assessed by the C-index. 

Each multivariable model was constructed by including all co-variates with a p-value ≤.2 

on univariable analysis, plus the comorbidity index in question. Overall survival (OS) 

was estimated using the Kaplan–Meier method. Log rank tests assessed for differences 

in OS when stratifying by prognostic factors selected by the model building procedure. 

All statistical analyses were performed in SPSS version 22.0 (SPSS Inc., Chicago, IL, 

USA). The study protocol was approved by the Medical Ethical Committee of the 

Erasmus Medical Center (MEC2016-729). 

3.3 Results 

A total of 586 patients were included in analysis. Median age was 75 years (range 44–

91) and 93.2% of patients were deemed medically or surgically inoperable upon 

multidisciplinary tumor board review. Additional baseline patient and tumor 



40 

characteristics are provided in Table 1. The median CCI score was 3 (range 1–14) while 

the median CIRS was 5 (range 0–15).  
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Respiratory disease was the most frequent CIRS comorbidity (80.0%) followed by 

vascular and cardiac (49.8% and 44.5%, respectively) (Table 2). 

 

A total of 36 patients (6.1%) died within 6 months of the start of SBRT. Among these 

patients, eight had experienced disease progression: four had distant metastases alone, 

three had regional (mediastinal lymph nodes) and distant recurrences, and 1 had local, 

regional, and distant recurrences. The median follow-up time for surviving patients was 

26.1 months (range 10.4–124.6). The median overall survival was 38.3 months (95% 

confidence interval 34.2–42.3). Rates of 6-month, 1-year, 3-year and 5-year overall 

survival were 93.7%, 84.5%, 53.8% and 29.9%, respectively (Figure 1).

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602#F0001
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Figure 1. Kaplan–Meier curve showing the overall survival of the 586 early-stage lung cancer 

patients treated with stereotactic body radiotherapy. 

 

Only tumor diameter (>3 cm vs ≤3 cm) and CIRS score were significantly associated 

with early mortality in univariable analysis (Table 3). In multivariable analysis, both 

tumor diameter (odds ratio [OR] 3.45, 95% CI 1.72–6.92; p < .001) and CIRS score (OR 

1.27, 95% CI 1.10–1.45; p < .001) were significant predictors of early mortality. Patients 

with both a CIRS score of 8 or more (the highest quartile of CIRS score in the 

population) and a tumor diameter >3 cm had a Kaplan–Meier estimated 6 month OS of 

70%, compared to 97% in patients with neither of these adverse prognostic features 

present (p < .001) (Figure 2); 1-year OS rates were 63% and 90%, respectively. The C-

index for the multivariable model containing CIRS as a co-variate was 0.70 versus 0.65 

for the multivariable model containing CCI.

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602#F0002
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Figure 2. Kaplan–Meier curve showing the overall survival of the 586 early-stage lung cancer 

patients treated with stereotactic body radiotherapy, stratified by Cumulative Illness Rating 

Scale (CIRS) score and tumor diameter. (Log rank p < .001). 
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3.4 Discussion 

Short-term survival outcomes are an important and under-studied endpoint in early-

stage NSCLC. Here, we have identified CIRS score, as well as tumor diameter, as 

important prognostic factors for early mortality. Furthermore, we have provided a 

quantitative assessment of the two factors on survival time, in order to assist patients 

and clinicians in making informed treatment decisions. 

The importance of CIRS score for short-term survival is not surprising, given the high 

burden of comorbidity in the inoperable NSCLC population. CCI, however, was not 

prognostic for early mortality. This is an important finding, given that CCI is currently the 

most frequently used comorbidity metric in NSCLC, and may influence the therapeutic 

choice between definitive treatment and supportive care [169]. Indeed, recent lung 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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SBRT practice guidelines mention CCI as a comorbidity measure when considering 

appropriate patient selection for treatment [7]. Additionally, studies comparing surgical 

and SBRT outcomes commonly utilize CCI for propensity-score matching [170–172]. 

CIRS, however, may be a more appropriate metric for these purposes. While previous 

studies have found CCI to predict for OS in the lung SBRT population [173–175], one 

study which examined death within 6 months of treatment as an endpoint found that 

while CCI was predictive of OS, it was not significantly associated with early mortality 

[16]. Of note, CIRS was not included as a potential prognostic factor. 

This discrepancy between CIRS and CCI for early mortality may be due to several 

factors. By grading diseases in each organ system from zero to four, CIRS is more 

sensitive to disease severity, which may be an important determinant of short-term 

survival. One study reported CIRS, and not CCI, was associated with length of hospital 

admission, suggesting CIRS may detect acute comorbidities that CCI does not [176]. 

Indeed, the predictive ability of CCI may progressively decline with shorter survival 

endpoints [167]. Conversely, the greater emphasis of CCI on chronic conditions may 

make it a more suitable metric for long term survival outcomes. Furthermore, CIRS may 

capture additional comorbidities that CCI does not. Extermann et al. [168] reported the 

prevalence of comorbidity in an elderly cancer population to be 36% with CCI compared 

to 94% with CIRS. The finding that CCI may underestimate comorbidity prevalence was 

also reported in a study on prognostic factors for OS in stage I NSCLC [177]. While 

CIRS was prognostic for both patients treated with conventional RT or surgery, CCI was 

only prognostic in the radiotherapy cohort, which consisted of patients with a higher 

comorbidity burden. 

The importance of tumor diameter as a prognostic factor for early mortality is consistent 

with previous studies examining OS. Kopek et al. [173] reported that lung SBRT 

patients with T2 tumors had poorer OS than those with T1 tumors. Other studies have 

reported similar findings [173, 178–180]. It is perhaps surprising, however, that tumor 

diameter is strongly associated with early mortality. Indeed, it is notable that 8 patients 

with early mortality had developed recurrent disease, and in all cases, this included 

distant metastases. This finding highlights the early metastatic potential of NSCLC, and 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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suggests the need to for improved detection of occult metastases at the time of 

diagnosis. Of note, all patients in the present study had undergone staging with PET-CT 

scan. 

The factors which lacked association with early mortality warrant comment. Advanced 

age is commonly perceived as an adverse prognostic feature, and elderly patients with 

lung cancer may be less likely to receive active treatment than younger patients after 

controlling for other adverse features [181, 182]. Similarly, GOLD score was not 

associated with early mortality, despite the known impact of COPD severity on OS 

[183]. Given the demonstrated safety of SBRT for these patients [159–161], it is 

reassuring that they do not experience poor short-term survival; age and COPD severity 

should not preclude curative-intent treatment. 

Death within 6 months of SBRT was defined as early mortality, as this represents the 

scenario where patients do not live long enough to benefit from treatment. The 

appropriate definition of early mortality is dependent on the natural history of untreated 

NSCLC, and the timeframe in which cancer-related morbidity and mortality commonly 

occur. A systematic review reported a mean survival of 11.94 months (95% CI 10.07–

13.8) for untreated early stage NSCLC [184]. We acknowledge that the minimum life 

expectancy to warrant definitive treatment is somewhat controversial [7], however, we 

chose the 6-month time point as a life expectancy for which most patients and clinicians 

would not favor radical treatment. 

Previous studies on short-term survival in lung SBRT patients have focused almost 

exclusively on 30- and 90-day mortality, in order to facilitate comparison with surgical 

perioperative mortality [170]. In this context, a comprehensive assessment of prognostic 

factors for short-term morality in lung SBRT has not been conducted. One previous 

study did examine death within 6 months of SBRT as an endpoint [16]. Interestingly, 

only Eastern Cooperative Oncology Group (ECOG) performance status was associated 

with early mortality, although CIRS and tumor diameter were not included as covariates. 

It is surprising that performance status was not predictive of early mortality in the 

present study. One possible explanation is the low number of patients with very poor 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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performance status (only 10 patients with KPS 50). It is notable, however, that other 

studies on prognostic factors in lung SBRT patients have found performance status to 

lack prognostic significance [173, 178], although conflicting reports exist [174, 177, 179]. 

Limitations of the study include its retrospective nature, and the small number of events 

observed. Retrospective scoring of CIRS and CCI may not have captured all 

comorbidities. However, detailed clinical notes were available for all patients, and the 

majority of clinically relevant comorbidities were likely documented. Additionally, there 

were a small number of events observed. It is encouraging that only 6% of patients 

experienced death within 6 months of SBRT. However, low event number may have 

reduced statistical power for detecting potential prognostic factors. Of note, patients in 

the present study had been deemed suitable SBRT candidates after tumor board 

review. Investigating the survival times and prognostic factors for patients who are not 

referred for SBRT due to short anticipated life expectancy would yield valuable insights. 

An additional limitation of the analysis is that the prognostic factors identified cannot in 

isolation identify patient groups with very poor short-term survival; even patients with 

tumor diameter greater than 3 cm and CIRS scores of 8 or higher had a 6-month OS of 

70%. This relatively high 6-month survival is an important observation, highlighting that 

patients with high CIRS score and large tumor diameter should not be excluded from 

SBRT on the basis of these characteristics alone. Whether additional adverse 

prognostic features may be identified which in combination reliably predict for very poor 

short term survival such that forgoing SBRT is warranted remains to be elucidated. 

Finally, we were unable to report the cause of death, as this information was not 

available for the majority of patients. Hence, short-term cancer-specific survival could 

not be assessed, nor treatment-related mortality. However, it is reassuring that we 

previously observed no grade 4–5 toxicity in peripheral early stage lung cancer patients 

treated with this regimen [158]. Further study into the cause of early mortality might 

yield valuable insight, such as whether comorbidities captured on CIRS and their 

severity are related to the specific cause of death. Nevertheless, the survival estimates 

here, as well as the identification of CIRS as an important determinant of short-term 

survival, provide useful information for patients and clinicians when discussing the cost-

benefit analysis for definitive treatment.  

https://www.tandfonline.com/doi/full/10.1080/0284186X.2018.1532602
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Abstract 

 

Background 

Prognostication tools for early-stage non-small cell lung cancer (NSCLC) patients 

treated with stereotactic body radiotherapy (SBRT) are currently lacking. The purpose of 

this study was to develop and externally validate a nomogram to predict overall survival 

in individual patients with peripheral early-stage disease. 

Methods 

A total of 587 NSCLC patients treated with biologically effective dose > 100 Gy10 were 

eligible. A Cox proportional hazards model was used to build a nomogram to predict 6-

month, 1-year, 3-year and 5-year overall survival. Internal validation was performed 

using bootstrap sampling. External validation was performed in a separate cohort of 124 

NSCLC patients with central tumors treated with SBRT. Discriminatory ability was 

measured by the concordance index (C-index) while predictive accuracy was assessed 

with calibration slope and plots. 

Results 

The resulting nomogram was based on six prognostic factors: age, sex, Karnofsky 

Performance Status, operability, Charlson Comorbidity Index, and tumor diameter. The 

slope of the calibration curve for nomogram-predicted versus Kaplan-Meier-estimated 

overall survival was 0.77. The C-index of the nomogram (corrected for optimism) was 

moderate at 0.64. In the external validation cohort, the model yielded a C-index of 0.62. 

Conclusions 

We established and validated a nomogram which can provide individual survival 

predictions for patients with early stage lung cancer treated with SBRT. The nomogram 

may assist patients and clinicians with treatment decision-making. 
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4.1 Background  

Stereotactic body radiotherapy (SBRT) is the standard of care for medically inoperable 

early-stage non-small cell lung cancer (NSCLC) [185]. It is increasingly utilized also in 

the high risk operable patient population [157]. Survival outcomes, however, are 

variable, and predicting survival in this patient population has proven challenging 

[16, 186]. 

A major contributor to survival variability is the potentially high rate of competing non-

cancer mortality. For example, severe chronic obstructive pulmonary disease (COPD), 

common in the SBRT lung population, is associated with a 70% mortality rate at 5 years 

in those with 3 or more acute exacerbations [183]. The proven safety of SBRT in elderly 

patients [159] and those with severe COPD [160, 161] has promoted an inclusive 

stance to patient eligibility. Consequently, despite high rates of local control and cancer-

specific survival, overall survival (OS) remains poor and in the order of 40% at 5 years 

[157]. 

There is currently a paucity of accurate prognostic models for the early lung SBRT 

population. One study in the United Stated suggested the decision between curative-

intent treatment and observation may be driven largely by institutional factors (academic 

vs non-academic) and patient financial or racial disparities rather than clinical factors or 

prognosis [187]. The ability to accurately predict survival on the individual patient level 

would be highly valuable. Not only would it assist patients with future planning and 

facilitate shared decision-making with clinicians, but it would also allow for judicious 

resource-allocation and potentially identify patients better served by a supportive care 

approach. Finally, it would allow for more accurate risk-stratification for clinical trials and 

comparative outcomes research. 

Nomograms are a practical tool which incorporate prognostic factors for a given patient 

to calculate the expected probability of a clinical event such as 5-year overall survival. In 

resected early-stage NSCLC [188] as well as in a diverse lung cancer population 

undergoing a variety of treatments [189], nomograms have proven more accurate than 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR1
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR2
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR3
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR4
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR5
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR6
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR7
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR8
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR2
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR9
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR10
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR11
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TNM staging for survival prediction. The purpose of this study was to identify prognostic 

factors for survival in early lung cancer patients treated with SBRT and to build a 

nomogram to predict 6-month, 1-year, 3-year and 5-year overall survival. 

4.2 Methods  

Patients and Treatment   

Consecutive NSCLC patients treated between August 2005 and January 2017 with 4-

dimensional SBRT at Erasmus MC were identified. Patients lacking histologic 

confirmation had findings on positron emission tomography (PET)-CT scan consistent 

with early-stage NSCLC, and had been recommended for SBRT by a multidisciplinary 

tumor board. Treatment planning protocols and follow-up schedule have been 

previously described [158, 162]. Inclusion criteria included peripheral early-stage 

disease (T1-T3 N0M0). Exclusion criteria included central location (within 2 cm of the 

proximal bronchial tree), synchronous intrapulmonary lesions, a diagnosis of small cell 

lung cancer, and delivered biologically effective dose (BED) < 100 Gy assuming an α/β 

ratio of 10. Tumor staging was originally performed according to AJCC 7th edition 

based on PET-CT scan (all patients received a staging PET scan) and patients were re-

staged by AJCC 8th edition criteria for the present study. Mediastinal staging was 

performed by PET-CT, mediastinoscopy, and/or endoscopic ultrasound (EBUS and/or 

EUS). 

Endpoints and covariates 

 

The primary endpoint was OS at 5 years, calculated from first day of treatment until 

death, and patients still alive were censored at the date of last follow-up visit. Variables 

analyzed for association with survival included age, sex, Karnofsky Performance Status 

(KPS), operability, Charlson Comorbidity Index score (CCI), Cumulative Illness Rating 

Score (CIRS), smoking status (current/former vs never), Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) score [163], previous malignancy, previous lung 

cancer, maximum axial tumor diameter, histology, and lower lobe location. GOLD 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR12
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR13
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR14
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scores were not reclassified to reflect 2017 criteria, which incorporate a comprehensive 

assessment of symptoms by validated questionnaires [164], as this data was not 

available retrospectively. Operability was determined by criteria as outlined in recently 

published clinical practice guidelines by the European Society for Medical Oncology 

(based primary on cardiac assessment and pulmonary function) [190]. 

 

Statistical analysis 

Model building 

The nomogram was based on a Cox proportional hazards model, using the following 

step-wise model building procedure. Variables with more than 1% missing values 

(histology 57% and smoking status 11%) were omitted from the initial model, and the 

decision regarding imputation (and then inclusion in the model) made subsequently 

based on assessment of their potential added predictive value with Cox univariate and 

multivariate analyses. Complete case analysis was used for variables with less than 1% 

missing values. The data provided evidence for interaction between the variables GOLD 

score, age and sex (p = 0.001) with the results difficult to interpret and depict in a 

nomogram (see further description within Results: Nomogram), and therefore GOLD 

score was not initially included. Thus, an initial model was built using the prognostic 

factors sex, age, KPS, operability, previous malignancy, previous lung cancer, lower 

lobe tumor location, and tumor diameter. 

The model building steps were formulated as strict programmable decision rules aimed 

at arriving at the most parsimonious model with maximum predictive ability, so that the 

model building procedure could be internally validated. Initially, the prognostic factors 

were modeled flexibly, e.g. allowing highly non-linear relationships. Subsequently, 

following a predefined grid, less flexible functions were applied. The simplification was 

thus stopped once it began to come at the price of compromised model fit as compared 

to the most flexible model. Depending on the distribution of the prognostic factor, 

suitable measures of fit were used. Age and tumor diameter were modelled flexibly 

using restricted cubic splines (RCS) with 5 degrees of freedom (d.f.), and KPS was 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR15
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR16
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modelled as a nominal variable to allow maximum flexibility. To this model, in turn, RCS 

functions of CCI and CIRS of 4 d.f. each were added. Goodness-of-fit of each of these 

models was evaluated with respect to the initial model using a likelihood ratio test 

(LRT). The comorbidity index (CCI or CIRS) which resulted in a smaller p-value was 

selected (and the resulting model referred to as the full model henceforth). 

Subsequently, a gradient of RCS functions with d.f. ranging between 2 and 4 and a 

linear function of the comorbidity score were compared with a LRT to the full model. The 

functional form with the smallest p-value was selected. The effect of age and tumor 

diameter were modelled simultaneously and evaluated using Akaike’s Information 

Criteria (AIC) as the compared models are not nested, as suggested by Harrel [191]. 

The range of RCS of 5 d.f. to linear effect was evaluated. The model with the smallest 

AIC was selected. The variables previous malignancy and previous lung cancer were 

also assessed simultaneously using LRT with a p-value cut-off point of 0.1 for inclusion 

in the model. Sex, lower lobe tumor location, and operability were evaluated 

independently against a threshold for model inclusion of p = 0.1 from a LRT, a cut-off 

value chosen so that the model building procedure could be automated and then 

validated. Alternative functional forms of KPS score were also evaluated (linear and 

RCS with 2 and 3 d.f.) and compared to nominal variable modelling using AIC. The 

model with the smallest AIC is the final model. 

Internal validation of the model building procedure 

The model building procedure was validated by applying it to 1000 bootstrap samples 

and predicting the original sample based on the resulting model. Discriminative ability of 

the model was measured with the concordance index (C-index). Internal validation was 

also used to assess the degree of overfitting to the sample at hand (calibration slope), 

and the resulting optimism in C-index. The estimated optimism-corrected calibration 

slope was then used to shrink model predictions and thus increase their external validity 

[191]. Calibration plots in 1000 bootstrap samples were used to compare Kaplan-Meier-

estimated and nomogram-predicted 6-month, 1-year, 3-year and 5-year OS. 

https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR17
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#ref-CR17
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External validation 

An independent cohort of 124 NSCLC patients with centrally located tumors treated with 

SBRT at Erasmus MC between September 2004 – November 2016 was used for 

external validation. 

The final model underlying the nomogram was used to predict 6-month, 1-year, 3-year, 

and 5-year OS of the patients in the external validation cohort. The model’s 

discriminative ability in this cohort was measured using the C-index. For the 

construction of the calibration plots, the predicted survival probabilities were grouped in 

four equally sized groups. 

Statistical analyses were performed using IBM SPSS statistics version 22.0 software 

package (SPSS Inc., Chicago, IL, USA) and R software, version 3.4.1 (open 

source; www.r-project.org). 

The study protocol was approved by the Medical Ethical Committee of the Erasmus 

Medical Center (MEC201679). 

4.3 Results  

Patients 

A total of 587 patients met inclusion criteria. Baseline clinical and treatment 

characteristics are shown in Table 1. Median age was 75 years (range 44–91) with 

median CCI of 3 (range 0–10). Two-hundred and fifty-eight patients had biopsy 

confirmation of disease, while the remaining 329 had an FDG-avid lesion on PET 

deemed highly suspicious of NSCLC upon multidisciplinary tumor board review. 

Mediastinal staging was by PET for the majority of patients (n = 478) and invasive 

staging (mediastinoscopy, EBUS or EUS) was performed in 109 patients.

http://www.r-project.org/
https://ro-journal.biomedcentral.com/articles/10.1186/s13014-020-01537-z#Tab1
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Table 1. Baseline clinical and treatment characteristics of the primary cohort and validation 

cohort. 

 Primary cohort   Validation cohort  

Variable  Total N N or Median (% or 
range) 

 Total N N or Median (% or range) 

Age 587 75 (44 – 91)  124 77 (48 – 90) 

Sex  
   Female 
   Male 

587  
224 (38%) 
363 (62%) 

 124  
46 (37.1%) 
78 (62.9%) 

KPS 
   ≥ 90 
   70-80 
   ≤ 60 

581  
117 (20%) 
395 (68%) 
69 (12%) 

 124  
54 (43.5%) 
62 (50.0%) 

8 (6.5%) 

Operable 581 40 (7%)  124 10 (8.1%) 

CCI 587 3 (0-10)  124 2 (0-9) 

CIRS 587 5 (0-15)  124 5 (0-16) 

Current/former 
smoker 

521 481 (92%)    

GOLD score  
   1 
   2 
   3 
   4 

580  
97 (17%) 
240 (41%) 
144 (25%) 
37 (6%) 

   

Previous malignancy 587 237 (40%)    

Previous lung cancer 587 120 (20.4%)    

T stage 
T1 
T2 
T3 
T4 

587 
 

 
412 (70%) 
147 (25%) 
28 (5%) 
0 (0%) 

 124  
13 (10.5%) 
55 (44.4%) 

             42 (33.9%) 
14 (11.3%) 

Tumor diameter 587 2.3 cm (0.7 – 7.7)  124 4.6 cm (1.4 – 10.5) 

Pathology 
Unknown 
Squamous cell 
carcinoma 
Adenocarcinoma 
Large cell carcinoma  
Other  

587  
329 (56%) 
94 (16%) 
103 (18%) 
51 (9%) 
10 (2%) 

 124  

Dose fractionation  
60 Gy/3  
54 Gy/3  
51 Gy/3  
40 Gy/2  
60 Gy/5  
 
55 Gy/5  
48 Gy/6  
49 Gy/7 
60 Gy/5 
Other 

587  
209 (36%) 
15 (3%) 

354 (60%) 
1 (0.2%) 
8 (1%) 

 124  
 
 
 
 
 
 

48 (38.4%) 
19 (15.2%) 
17 (13.7%) 
18 (14.4%) 
22 (17.6%) 

Abbreviations: CCI Charlson Comorbidity Index, CIRS cumulative Illness Rating Score, GOLD Golbal 
initiative for Chronic Obstructive Lung Disease, KPS Karnofsky Performance Status 
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The external validation set consisted of 124 NSCLC patients with centrally located 

tumors treated with SBRT to a median dose of 55 Gy in 5 fractions. Baseline patient and 

tumor characteristics were similar to those of the primary patient cohort, however, 

median tumor diameter was larger and several patients had T4 tumors in the validation 

cohort (Table (Table11). 

Survival 

At the time of analysis, 252 patients (42.9%) were alive. Median follow-up time was 

23.8 months (range 0.3–124.6) for all patients and 28.5 months (range 4.5–124.6) for 

surviving patients. Median OS was 38.4 months (95% confidence interval [CI] 34.2–

42.6). Three-year and 5-year OS were 54.2 and 29.9%, respectively (Fig. 1). Median 

follow-up time in the validation cohort was 22.3 months (range 1.9–121.2) and median 

OS was 26.0 months (95% CI 19.5–32.5) (Fig. 1). 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig1/
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Figure 1. Kaplan-Meier curves showing the overall survival of the original cohort (black line) and 

validation cohort (grey line). 

 

Nomogram 

 

Six patients with unknown KPS score were omitted from the nomogram building 

procedure. Application of the model building procedure to the remaining 581 patients 

resulted in a final model based on the variables age, sex, operability, KPS, CCI and 

tumor diameter. The resulting nomogram is presented in Fig. 2. While age, CCI and 

tumor diameter were modelled as linear functions, KPS was best modelled as a 

quadratic function with restriction to linearity at both extremes of the scale, i.e. RCS 

function with 2 d.f. (Fig. 3). Univariate analysis demonstrated no additional predictive 

value from including histology, smoking status or GOLD score (p-values 0.38, 0.39, and 

0.16, respectively). When added to the final model, histology and smoking remained 

insignificant and thus these variables were not included in the model. Conversely, 

GOLD score proved significant (p-value 0.004) when modeled as a nominal variable, 

however, survival effects were paradoxical: with respect to GOLD 0, GOLD 4 had a 

nearly identical effect on OS (HR 1.01 p = 0.76) while GOLD 1–3 showed favorable 

effects on survival with respect to GOLD 0 (HR 0.68, 0.57 and 0.63, and p-values 0.066, 

0.002, and 0.022, respectively). When trying to understand these findings, we 

performed interaction tests with age and sex, which were significant (Chi2 43.7, 19 

d.f., p = 0.001). In order to preserve greater parsimony and nomogram readability, and 

given the paradoxical effect of GOLD score severity on survival, GOLD score was not 

included in the model. The parameter estimates of the final model are shown in Table 2. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/table/Tab2/
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Figure 2. Nomogram for prediction of 6-month, 1-year, 3-year and 5-year survival.  

Abbreviations:  CCI Charlson Comorbidity Index score 
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Figure 3. Relative hazard of death modelled for each variable included in the nomogram. The 

gray areas (first 4 panels) and the horizontal black bars (last 2 panels) depict the 95% 

confidence intervals. 
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Table 2. Parameter estimates of the final model used to generate the nomogram. 

 
 

HR SE p-value 

Sex (male vs female) 1.245 0.124 0.079 

Inoperable (yes vs No) 2.361 0.285 0.003 

CCIa 1.098 0.031 0.002 

Agea 1.016 0.007 0.023 

Tumor diametera 1.022 0.004 < 0.001 

KPSa,b (linear effect) 0.958 0.011 < 0.001 

KPSa,b (quadratic effect) 1.020 0.011 0.057 

a Per unit increase 
b Restricted cubic splines function parameters 
Abbreviations: CCI Charlson Comorbidity Index score, KPS Karnofsky 
performance status, HR hazard ratio, SE standard error of the log-hazard 
ratio 

 

Validation 

 

The frequencies of prognostic factor selection in 1000 bootstrap samples are presented 

in Supplementary Table 1. KPS, age and tumor diameter were selected in 100% of 

samples, while operability was selected in 96%. The results of validating the model 

building procedure are presented in Supplementary Table 2. The C-index in the original 

sample was 0.66, and corrected for optimism through bootstrap sampling to 0.64. The 

optimism-corrected calibration slope was estimated at 0.766. Nevertheless, calibration 

plots demonstrated high correlation between observed and predicted probability of 6-

month, 1-year, 3-year and 5-year OS (Fig. 4). 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#MOESM1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#MOESM2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig4/
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Figure 4. Calibration plots of Kaplan Meier vs nomogram predicted survival for the original 

patient group (black solid line) and the validation cohort (dotted grey line) for a) 6-month b) 1-

year c) 3-year and d) 5-year overall survival. The error bars indicate the 95% confidence 

intervals. A plot along the 45-degree line would indicate perfect agreement between predicted 

and actual survival. 

 

The model underlying the nomogram was used to predict OS of the patients from the 

external validation cohort. Its discriminative ability in this cohort as measured by C-index 

was assessed at 0.62, which is highly comparable with the results in the sample used to 
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build the model. Fig. 4 presents calibration plots of the internal as well as the external 

validation. 

 

4.4 Discussion  

 

Survival prediction at the individual patient level can facilitate informed treatment 

decisions for patients and clinicians. Here, we have developed a nomogram to predict 

OS, with moderate discriminatory ability (C-index 0.64), and good predictive accuracy 

based on calibration plots. The model displayed good external validity, with a C-index 

only slightly lower than that of the original cohort (C-index 0.62). Survival outcomes and 

baseline characteristics of the studied population are similar to those reported 

elsewhere [157, 173, 174], suggesting applicability of our model to other early NSCLC 

SBRT populations. 

 

The prognostic importance of the six variables included in the final nomogram is 

corroborated by previous investigations. Age [188, 175, 192], sex [175, 178, 188, 192, 

193], performance status [16, 174, 194], operability [16, 195], tumor diameter 

[191, 178–180] and Charlson Comorbidity Index [16, 173, 175] have previously been 

reported as significant predictors of survival in the early NSCLC population. 

Interestingly, in the present sample smoking status was not significantly associated with 

survival, a finding reported previously [16, 173] although conflicting reports exists 

[174, 194]. 

 

Matsuo et al. [178] investigated prognostic factors in 101 patients with early stage lung 

cancer treated with SBRT and identified only male sex (HR 3.40, p = 0.004 on 

multivariate analysis) and tumor diameter (HR 1.60 per 10 mm increase, p = 0.013 on 

multivariate analysis) as adverse prognostic features for 3-year OS. The population was 

of atypically high performance status (94% World Health Organization performance 

status [WHO PS] 0–1) and operability (37% of patients) which may have accounted for 

the lack of association of age, performance status, and operability with survival. Of note, 

Matsuo et al. did not evaluate comorbidity as a potential predictor. Kopek et al. [173] did 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/figure/Fig4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR18
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include Charlson Comorbidity score as a prognostic variable and found it to be a 

powerful predictor of survival: those with a CCI score of 6 or more had a median 

survival of only 11 months compared to 41 months in patients scoring 3 or less. T stage 

was also significant on multivariate analysis, and contrary to our findings, sex and 

performance status were not prognostic. Other variables lacking significance included 

histology and GOLD classification, consistent with our results. 

 

The nomogram of the present study is one of only a few published for the early stage 

lung cancer population. A multi-institutional Chinese study developed a nomogram for 

OS in early stage lung cancer patients, however this was in the setting of resected 

disease [188]. Nevertheless, it shares similarities with the present nomogram, including 

incorporation of age, sex, and tumor size as prognostic variables. Although the C-index 

indicated good discriminatory ability at 0.71, the nomogram is not a useful predictive 

tool for patients undergoing lung SBRT for several reasons. It relies on surgical 

variables such as volume of blood loss and pathologic N stage. Additionally, comorbidity 

was not found to be significantly associated with survival and thus was not incorporated 

into the nomogram, but because it was coded in the model only as present or absent, if 

lacked the sensitivity of more established metrics such as CCI. 

 

In the early lung SBRT population, Louie et al. also developed a nomogram for 

predicting OS, with a C-index similar to the present nomogram (0.66), however, it 

showed a lower degree of external validity (C-index 0.55 and 0.52 in two external 

validation cohorts) [174]. Our nomogram differs from that of Louie et al. in several key 

features. Only the nomogram presented here incorporates operability as a prognostic 

variable. As SBRT is increasingly applied to the operable setting, incorporating this 

important variable confers particular utility to our nomogram. Indeed, operability has 

previously been reported as an important prognostic factor [16, 157,195]. Onishi et al. 

[195] reported 5-year overall survival for medically operable patients as 64.8%, 

compared to 35.0% in inoperable patients (p < 0.001). An additional distinction of the 

present nomogram is incorporation of KPS rather than WHO PS as a performance 

status metric. Performance status is perhaps the variable which most consistently 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR25
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appears as a prognostic factor for OS in early lung cancer, and with one of the greatest 

magnitudes of effect [16, 174, 194]. By utilizing KPS, which has a greater number of 

categories than WHO PS, our nomogram has greater discriminative ability for small 

differences in performance status which may significantly affect overall survival. Finally, 

our nomogram may also be used to predict 1-year and 3-year OS, and these shorter-

term survival estimates may be particularly useful for treatment decision-making. The 

5 year survival estimates generated by the nomogram, however, should be interpreted 

with caution, as the median follow up of the study was 24 months. 

 

The nomogram’s short-term survival estimates warrant particular consideration. Very 

poor short-term prognosis may tip the balance in favor of a supportive care approach, 

sparing a patient the unnecessary inconvenience and potential cost of curative 

treatment. Due to the aggressive natural history of NSCLC, cancer-related morbidity 

and mortality can reasonably be anticipated within an approximately 1-year timeframe 

[184]. Hence, survival longer than 6 months likely warrants active treatment. 

Conversely, a low probability of 6-month survival may support a palliative approach. The 

present nomogram, however, generates a minimum 6-month survival estimate of 80%; 

adverse prognostic factors including advanced age and high CCI score did not confer a 

very low probability of short-term survival. This suggests that age and comorbidity 

burden are not sufficient to justify withholding curative-intent SBRT. It also highlights the 

need to better identify patient and disease factors predictive of early mortality [196]. 

Klement et al. [16] aimed to develop a model to predict early mortality in early-stage 

NSCLC patients undergoing SBRT, and similarly found that patients at high risk of early 

mortality could not be reliably identified: 6-month mortality was only 8.8% for the group 

of patients at highest risk, compared to 4.1% for those with the lowest risk. 

Weaknesses of the study include its retrospective nature. Additionally, the external 

validation cohort consisted of patients treated also at our institution, while validation in a 

cohort from a distinct centre would better demonstrate generalizability of our nomogram. 

Finally, the majority of patients lacked a histopathologic diagnosis of lung cancer, such 

that this could not be included as a potential prognostic factor in the nomogram. 

Previous studies have suggested inferior outcomes for squamous cell carcinoma lung 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR3
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tumors treated with SBRT [197]. It is also possible that some benign tumors were 

included. However, the incidence of benign disease following surgery for Dutch patients 

with a clinical diagnosis of NSCLC is generally less than 5% [198], and SBRT outcomes 

in one study were no different with versus without pathologic confirmation of malignancy 

[198]. Molecular tumor markers were also not available. Strengths of the study include 

the relatively large patient population, homogenous treatment, and completeness of 

data and long-term follow-up. Calibration plots showed good agreement between 

nomogram-predicted and Kaplan-Meier-estimated survival, with excellent agreement for 

3-year OS, suggesting high reliability of the nomogram. The nomogram was externally 

validated in a distinct patient population with central tumors, and despite difference from 

the original study population, the nomogram performed well in the external validation 

cohort. Development of a distinct nomogram for central lung tumors could be an avenue 

of future investigation, and could assess additional prognostic factors unique to central 

lung tumors such as potential tumor under-dosing in order to respect normal tissue 

tolerance. Future investigations may incorporate novel biomarkers and metabolomics 

signatures which are emerging as prognostic in the early NSCLC population [199]. 

 

4.5 Conclusions 

Here we present a validated a nomogram to predict OS in patients with early-stage 

NSCLC undergoing SBRT. The discriminatory ability is moderate and incorporation of 

emerging prognostic factors (for example molecular markers) may increase predictive 

ability for future models. Nevertheless, this prognostic tool may assist patients and 

clinicians in generating individual survival predictions. 

 

4.6 Supplementary Information  

Table S1. Frequency of variable selection in 1000 bootstrap samples. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7178957/#CR32
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Table S2. Results of internal validation of the model building procedure through 1000 bootstrap 

samples.  
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Abstract 

Purpose: To evaluate safety of endovascular coil fiducial placement and compare 

complication rates with transthoracic fiducial placement in patients with peripheral early-

stage lung cancer receiving fiducial markers for stereotactic body radiotherapy (SBRT). 

Materials and methods: This retrospective study included consecutive patients who 

received endovascular coils (n = 416 patients, n = 1,335 coils) or transthoracic fiducials 

(n = 30 patients, n = 80 fiducials) for SBRT between August 2005 and January 2017. 

During the first 3 years of the study period, patients preferentially received cylindrical 

platinum fiducial markers by percutaneous transthoracic placement; only patients with 

contraindications received endovascular coils. Thereafter, patients received 

endovascular fiducials as the first-line procedure. Endovascular embolization coils were 

placed via the femoral vein into subsegmental pulmonary artery branches near the 

tumor. Complications were scored by SIR criteria. 

Results: The success rate of endovascular coil placement was 99.8%. One patient 

developed grade 2 hemoptysis requiring procedure discontinuation. Following 

placement, 1 patient (0.2%) developed grade 3 cardiac arrhythmia. A total of 36 patients 

(9%) developed grade 1 complications: mild hemoptysis (n = 4; 1%), small 

asymptomatic pulmonary infarction or hemorrhage (n = 30; 7%), hypoglycemia (n = 1; 

0.2%), and vasovagal episode (n = 1; 0.2%). Following transthoracic marker placement, 

4 patients (13%) developed a pneumothorax requiring hospital admission and chest 

tube (grade 2), 6 patients (20%) developed pneumothorax requiring no intervention 

(grade 1), 2 patients (7%) experienced asymptomatic pulmonary bleeding, and 1 patient 

(3%) developed persistent pain. 

Conclusions: Endovascular coil fiducial placement for lung SBRT is associated with 

high procedural success rates and lower rates of clinically relevant complications than 

transthoracic marker placement. 
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5.1 Introduction  

Stereotactic body radiotherapy (SBRT) has become the standard of care for medically 

inoperable early-stage lung cancer and is becoming increasingly common for patients at 

high risk for surgical resection [185, 7]. Intrafraction changes in tumor position due to 

respiratory and cardiac motion present a challenge to safe and accurate treatment 

delivery. A variety of strategies for management of respiratory motion exist [28, 200]. 

One strategy involves real-time tumor tracking on the CyberKnife Robotic Radiosurgery 

System (Accuray Inc, Sunnyvale, California). Real-time tumor tracking with the 

CyberKnife can be performed in 2 ways: 1) tracking of the tumor itself (Xsight Lung 

Tracking System; Accuray Inc) or 2) tracking of fiducials in the proximity of the tumor 

(fiducial tracking). The Xsight Lung Tracking System uses software based on the 

contrast difference between tumor and adjacent pulmonary parenchyma to track the 

tumor [201]. This system is suitable only for peripherally located tumors measuring at 

least 1.5 cm in diameter and requires a certain tumor density for visualization, and as a 

consequence, this technique is not suitable for many patients [202]. Therefore, most 

patients still require fiducial marker implantation for tumor tracking. 

 

The percutaneous transthoracic method of fiducial marker placement has traditionally 

been the standard method of marker placement [203]. However, it has several 

limitations. Most notably, it is associated with a 22%–67% rate of iatrogenic 

pneumothorax [203–208], which can be potentially fatal, especially in patients with 

severe cardiopulmonary comorbidity. To reduce the risk of pneumothorax, a method of 

transfemoral vascular placement of platinum embolization coils has been 

developed [209, 210, 158]. Previously, preliminary results in the first 25 patients were 

reported [210]. Results were encouraging, with only minor complications observed. 

Since then, 2 other studies have reported successful endovascular placement of 

embolization coils for tumor tracking in 14 [211] and 15 [205] patients. These studies 

also reported low rates of complications. Complication rates following endovascular coil 

placement have been analyzed in only small patient cohorts to date. The goal of this 

study was to report complication rates in a large patient population following placement 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib1
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib2
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib3
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib4
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib7
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib15
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib16
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib16
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of endovascular coils as fiducial markers for real-time tumor tracking and to compare 

complication rates with rates following transthoracic marker placement. 

 

5.2 Materials and Methods 

Patients 

The Medical Ethical Committee of our institution approved this retrospective study and 

waived the requirement for informed consent (MEC201679). This study included all 

consecutive patients with early-stage (cT1-T3N0M0) peripherally located non-small cell 

lung carcinoma (NSCLC) who underwent endovascular coil fiducial placement (n = 416 

patients, n = 1,335 fiducials) or transthoracic placement of fiducials (n = 30 patients, n = 

80 fiducials) for treatment with four-dimensional SBRT at a university medical center 

between August 2005 and January 2017. Between 2005 and 2008, the transthoracic 

method of fiducial placement was the first-line method of marker placement; only 

patients considered at too high risk for transthoracic placement (patients with severe 

chronic obstructive pulmonary disease or previous pneumonectomy) underwent 

endovascular fiducial placement. However, preliminary results in the first 25 patients 

receiving endovascularly placed fiducials suggested low complication rates [210]. After 

2008, the endovascular method was used as the first-line procedure for patients 

requiring fiducials. There were no contraindications to endovascular fiducial placement. 

For 270 patients (61%), the diagnosis was established on the basis of 

fluorodeoxyglucose positron emission tomography/computed tomography (CT) findings 

consistent with early-stage NSCLC, and no biopsy was performed. Global Initiative for 

Chronic Obstructive Lung Disease scores were based on forced expiratory volume in 1 

second [163]. Additional patient and tumor characteristics are shown in Table 1. 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib17
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl1
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Table 1. Baseline Patient and Tumor Characteristics of 416 Patients Undergoing 

Endovascular Coil Placement and 30 Patients Undergoing Transthoracic Marker Placement. 

 

 

The preliminary study [210] that reported on the first 25 patients receiving endovascular 

coil fiducials included 5 patients with lung metastases and 20 patients with primary 

NSCLC treated between May 2005 and November 2006. Owing to overlapping study 

periods, the present study included patients in the preliminary study who had primary 

NSCLC treated after August 2005. The preliminary study included 25 patients who 

received transthoracic fiducial placement; however, the proportion of patients with 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib14
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primary NSCLC versus metastases was not reported. Also, complication rates were not 

reported in patients receiving transthoracic fiducials. 

Details regarding treatment planning and SBRT delivery have been described 

previously [158, 162]. Tumor tracking was successfully accomplished during SBRT 

delivery for all patients with fiducial markers, with no patients requiring additional marker 

placement. 

 

Endovascular Coil Placement 

The benefits and potential risks for the procedure were explained to each patient, and 

verbal informed consent was obtained. The procedure was performed by interventional 

radiologists (10 different individuals with 1–10 years of experience) using fluoroscopic 

guidance in the interventional suite under continuous electrocardiography monitoring. 

Local anesthesia was used at the insertion site, and no sedation was used. Platinum 

embolization microcoils, such as Tornado 0.018-inch (Cook, Inc, Bloomington, Indiana) 

or similar microcoils, were placed into subsegmental end branches of the pulmonary 

artery near the tumor via a transfemoral approach. During the first 3 years of the 

present study (which included 45 of 416 patients receiving endovascular coil fiducials), 

0.035-inch coils were used. Subsequently, 0.018-inch coils were adopted to allow for 

placement in closer proximity to the tumor and to reduce injury to surrounding lung 

parenchyma. A 5-F sheath was inserted into the right common femoral vein and 

navigated to the pulmonary artery with a standard multipurpose 100-cm 4-F catheter 

and 0.035-inch guide wire (Radifocus; Terumo Medical Corp, Tokyo Japan) (Fig 1). 

 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib18
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#fig1
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Figure 1. Three endovascular embolization coils placed near a lung tumor, with the 4-F 

catheter and microcatheter still in place in the left lower lobe pulmonary artery. Another 

(unfolded) coil is present in the distal end of the microcatheter. 

 

Minor electrocardiography changes (asymptomatic, no wide QRS complexes) were 

accepted when the catheter was passing through the right atrium and ventricle. After 

passing the right ventricle, navigation with the catheter alone was preferred rather than 

using the guide wire, when possible, to minimize trauma to vasculature and 

parenchyma. Catheter placement in the pulmonary artery was confirmed using contrast 

agent. The catheter was advanced into the right or left main pulmonary artery and into 1 

of the subsegmental pulmonary artery branches near the lung tumor. A 2.7-F 

microcatheter (Terumo Medical Corp) was then inserted through the 4-F catheter to 

navigate closer to the tumor. A microcoil was introduced by flushing or pushing it (with a 

0.021-inch microwire) through the microcatheter into the pulmonary artery branch. 

Large tumors were well visualized during the procedure with fluoroscopy. The position 

of tumors too small to be seen with fluoroscopy was inferred from a CT scan of the 
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chest performed before the procedure, and microcoils were placed based on 

subsegmental pulmonary artery anatomy. When there was uncertainty regarding the 

position of microcoils relative to the tumor, a cone-beam CT scan was performed. 

Ideally, 3 coils were implanted to allow for rotational motion adjustment during 

radiotherapy. Translational adjustments were accomplished with only 1 fiducial. Coils 

were placed as close to the tumor as possible. A maximum distance of 4 cm between 

the tumor and coil was considered a successful placement and allowed for the coil to be 

used for tumor tracking. A single fiducial was sufficient for tumor tracking during 

radiotherapy; however, migration of the fiducial could not be detected if only 1 fiducial 

was placed, as the CyberKnife calculates the distance between 2 markers. If there was 

only 1 reliable fiducial (eg, if the other fiducials were too far from the tumor or did not 

move synchronously with the tumor), a CT scan was performed before the start of 

treatment to detect potential fiducial migration. 

Highly peripheral tumors required less procedure time, owing to numerous surrounding 

subsegmental pulmonary artery branches of sufficiently small diameter to lodge coils, 

compared with more central tumors. The catheter navigated more easily superiorly and 

posteriorly, such that tumors in the upper lobe and tumors located posteriorly required 

less procedure time. When difficulty was encountered navigating the 4-F catheter 

toward anterior tumors, a reverse curve catheter (eg, a mammary artery catheter) was 

sometimes used. After the procedure, manual compression was applied to the access 

site at the femoral vein for 5 minutes. Patients were kept on bed rest for 1 hour, with 

blood pressure and heart rate monitored every 15 minutes. They were permitted to 

mobilize thereafter, but they were kept on the ward under supervision for an additional 1 

hour. 

Transthoracic Fiducial Placement 

Transthoracic fiducial placement involved percutaneous placement of platinum markers 

into the lung under fluoroscopic or CT guidance [209, 158, 162] using an 18-gauge 

coaxial introducer needle under local anesthesia (Fig 2). The patient’s position and the 

site and direction of needle entry were chosen to minimize the amount of lung tissue 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib13
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib15
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib18
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#fig2
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traversed and to avoid fissures and bullae. The markers were smooth and cylindrical in 

shape, 4.0 mm in length and 0.9 mm in diameter, and were manufactured from platinum 

thread (obtained from Drijfhout, Amsterdam, Netherlands), which was cut, smoothed, 

and sterilized locally. Once the tip of the needle had reached the tumor, the fiducial was 

deployed. A minimum of 2 additional fiducials were placed, approximately 2 cm apart, 

around or in the tumor. An anteroposterior inspiratory chest radiograph was obtained 1 

hour after the procedure to ensure no pneumothorax had developed. 

 

 

Figure 2. Transthoracic fiducial placement with 18-gauge coaxial introducer needle. The 

tumor is visible at the tip of the needle. 

Complication Scoring 

Complications were scored retrospectively according to Society of Interventional 

Radiology (SIR) reporting standards [212], based on procedure notes, radiographic 

findings on treatment planning CT, and documentation of clinical follow-up visits with the 

radiation oncologist. Procedure notes included any complications encountered during 

the procedure (eg, hemoptysis or arrhythmia) or during the 2 hour period following 

placement (eg, access site bleeding or symptoms suggestive of pneumothorax). 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib19
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Treatment planning CT scans (contrast-enhanced four-dimensional planning CT) were 

obtained approximately 4–7 days after the procedure. The planning CT scans were 

assessed for intraparenchymal bleeding or infarction. Finally, potential clinical 

complications from marker placement were assessed and documented during visits with 

the radiation oncologist, which always included evaluation of access site and patient 

clinical respiratory status. These visits occurred weekly during radiotherapy and then at 

3 weeks after SBRT. Subsequent follow-up entailed clinical visits and CT scans at 3, 6, 

9, 12, 18, 24, and 30 months following treatment. 

Statistics 

Overall survival from the start of SBRT to date of death was estimated using the 

Kaplan-Meier method. Patients alive at last follow-up were censored from analysis. 

Statistical analyses were performed using IBM SPSS Version 22.0 (IBM Corp, Armonk, 

New York). 

5.3 Results 

Endovascular Coil Markers 

Endovascular coil placement was attempted in 416 patients. The procedure was 

unsuccessful in 1 patient (0.2%) who developed hemoptysis during the procedure and 

was subsequently admitted for observation (grade 2 complication). This patient later 

underwent successful SBRT treatment using a motion-encompassing treatment 

approach (irradiation of the internal target volume). For the remaining 415 patients, a 

median of 3 coils (range, 1–6) per tumor was placed. Procedure documentation was 

available for 410 (99%) patients, and these patients were included in the analysis of 

potential complications (Table 2). Planning CT scans and documentation of clinical 

follow-up visits with the radiation oncologist were available for all patients. There were 

no grade 4 or 5 complications. There was only 1 grade 3 complication (0.2%); a patient 

developed a third-degree atrioventricular block during the procedure, requiring 

pacemaker placement (grade 3 complication). Notably, this patient had a pre-existing 

arrhythmia (first-degree atrioventricular block and left bundle branch block). Of 416 

patients, 36 (9%) developed grade 1 complications. Thirty patients (7%) had small 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2
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asymptomatic radiographic changes distal to the vascular coil evident on radiation 

planning CT scan: small areas of pulmonary infarction occurred at 17 coils in 15 

patients, and small areas of pulmonary bleeding were seen at 16 coils in 15 patients. 

Four patients (1%) developed self-limited hemoptysis requiring no further treatment. 

Two patients (0.5%) developed other complications; the first patient, who had diabetes, 

experienced hypoglycemia, and the second patient experienced a vasovagal episode. 

Complication rates are summarized in Table 2. 

 

Table 2. Complications following Endovascular and Transthoracic Marker Placement as 

Scored by SIR Reporting Standards. 

Marker Placement Technique Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Endovascular (n = 410 patients) 
     

 Hemoptysis 4 (1%) 1 (0.2%) — — — 

 Arrhythmia — — 1 (0.2%) — — 

 Asymptomatic pulmonary infarction∗ 15† (3.6%) — — — — 

 Asymptomatic pulmonary bleed∗ 15‡ (3.6%) — — — — 

 Other 2 (0.5%) — — — — 

 Total 36 (9%) 1 (0.2%) 1 (0.2%) — — 

Transthoracic (n = 30) 
     

 Pneumothorax 6 (20%) 4 (13%) — — — 

 Asymptomatic pulmonary bleed 2 (7%) — — — — 

 Persistent pain 1 (3%) — — — — 

 Total 9 (30%) 4 (13%) — — — 

 

Note–Dash (—) indicates no complication. 

∗ Evaluated in 409 patients, as the radiotherapy treatment planning scan was not available for 1 patient. 

† Occurred at 17 markers in 15 patients. 

‡ Occurred at 16 markers in 15 patients. 

 

 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2fnlowast
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2fndagger
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2fnlowast
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2fnddagger
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Transthoracic Markers 

Procedure notes, planning CT scans, and documentation of clinical follow-up visits were 

available for all 30 patients who underwent transthoracic marker placement to assess 

for potential complications (Table 2). There were no grade 4 or 5 complications. Ten 

patients developed a pneumothorax (33%). Four patients (13%) developed a 

pneumothorax requiring hospital admission and chest tube placement (grade 3). There 

were no grade 2 complications. Nine patients (30%) experienced grade 1 complications; 

6 patients developed a pneumothorax requiring no further intervention, 2 patients 

experienced small volume intrapulmonary bleeding (asymptomatic radiographic air 

space opacity consistent with small local pulmonary hemorrhage), and 1 patient 

developed mild persistent pain (Table 2). 

Treatment Outcomes 

The 5-year overall survival was 30.1% (3% 1 SE), and median overall survival was 38.9 

months (95% confidence interval, 35.3–42.5). There were 285 patient deaths. Median 

follow-up time was 28.9 months (range, 0.5–124.6 months). 

5.4 Discussion 

 

In this large cohort of patients receiving transvascular fiducial markers for lung SBRT, 

complication rates were low, and the procedure was completed successfully in all but 1 

patient (99.8% technical success rate). Complication rates were lower than rates 

following transthoracic marker placement. Iatrogenic pneumothorax occurred in 10 

patients (33%) receiving markers via transthoracic puncture, with 4 patients (13%) 

requiring hospital admission and chest tube placement. This is consistent with the 

literature, where pneumothorax rates of 22%–67% are reported [204–208] making this 

method a poor option for patients with severe chronic obstructive pulmonary disease or 

prior pneumonectomy. Additionally, major pulmonary bleeding may develop in up to 3% 

of patients following the transthoracic approach [208, 213]. In contrast, complication 

rates following endovascular coil placement were very low. The only complications with 

rates > 1% were small subclinical radiographic changes on radiotherapy planning CT. 

Although 1 patient experienced grade 3 toxicity, specifically, arrhythmia during the 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#tbl2
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib8
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib12
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib20
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procedure requiring subsequent pacemaker placement, this patient had a pre-existing 

cardiac arrhythmia and was thus likely at greater risk than the general population. 

Patients with pre-existing left bundle branch block may benefit from temporary 

endovenous pacemaker placement during the procedure. Whereas cardiac arrhythmia 

is a recognized risk for coronary angiography that entails a similar procedure of 

intracardiac catheter manipulation, this risk has been shown to be largely negated with 

modern techniques and equipment (risk quoted at < 0.1%) [214, 215]. Similarly, it is 

likely that the risk of arrhythmia following endovascular marker placement is very low, 

owing to advanced techniques and image guidance employed during the procedure. 

Two other studies have reported on endovascular coil placement for lung tumor markers 

with low complication rates consistent with the present study. Mongeon 

et al [205] reported 15 patients who had contraindications to percutaneous marker 

placement. One patient (7%) developed self-limited shoulder pain, and no other patients 

experienced complications (asymptomatic radiographic changes were not included). 

Karaman et al [211] reported outcomes in 14 patients. No complications requiring 

medication or hospitalization > 1 night occurred (minor complications were not 

reported). 

 

Endobronchial placement is an alternative method for fiducial marker placement. 

Disadvantages of this technique include potential difficulty in accessing peripherally 

located tumors [217] and frequently requirement for moderate sedation, which can be a 

risk or contraindicated in patients with severe comorbidities [217, 218]. Newer 

endoscopic methods for marker placement, including electromagnetic navigation 

bronchoscopy [218–220] and radial endobronchial ultrasonography [221], may allow for 

improved peripheral access. Whereas 1 of the main advantages of endobronchial 

marker placement is that the procedure may be performed at the time of tumor biopsy 

and mediastinal nodal sampling, this is not relevant for many patients, who undergo a 

biopsy before SBRT; 61% of patients in the present study underwent biopsy before 

SBRT, which is consistent with other SBRT series [222]. Additionally, complication rates 

following bronchoscope placement appear to be higher than the rates following 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib21
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib22
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib9
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib16
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib23
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib23
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib24
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib27
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib28
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endovascular coil placement and may include an up to 3% rate of hemoptysis requiring 

hospital admission [218] and 6% rate of pneumothorax [218, 219]. 

 

The preliminary study reported successful coil placement in 23 of 25 patients in which it 

was attempted [210]. The procedure was stopped in 2 patients owing to difficulty 

navigating the angiography catheter through the pulmonary valve, which resulted in 

transient ventricular arrhythmia. Notably, arrhythmia requiring procedure termination 

was not encountered in the present patient cohort. Only 1 patient required early 

termination of the procedure due to development of hemoptysis. Similarly, complication 

rates have improved since the preliminary study [210], in which 2 patients (9%) 

experienced minor complications (hemoptysis and fever and pain) and 5 patients (22%) 

developed asymptomatic infiltrative radiographic changes. The higher procedural 

success rate and lower complication rates here may reflect improvements in equipment 

and technique. 

 

The Xsight Lung Tracking System has reduced the percentage of patients requiring 

fiducial placement. This system relies on the contrast difference between tumor and 

adjacent lung and requires tumors to measure at least 1.5 cm in diameter (Fig 3a, 

b) [201].  

 

 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib24
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib24
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib25
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib14
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#fig3
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#fig3
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib5
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Figure 3. Digitally reconstructed radiograph in the radiotherapy treatment planning system 

showing a lung tumor, without contour (a) and with contour (b), which was suitable for the 

Xsight Lung Tracking System. The Xsight system does not require fiducial markers for tumor 

tracking. Tumors must be of sufficient density for visualization by the system and must 

measure at least 1.5 cm in diameter. 

 

When initially released in 2007, the estimated percentage of patients with lung cancer 

undergoing SBRT for whom Xsight would be applicable was 30% [40]. However, up to 

34% of lung tumors preselected for Xsight based on manufacturer size and density 

recommendations may not be visualized sufficiently by the system to allow for tumor 

tracking [202]. Although the tracking software is continuously being improved by the 

manufacturer, the proportion of patients with lung cancer presenting with tumors < 1.5 

cm will likely continue to increase with the implementation of recent lung cancer 

screening guidelines and with the promising results of stereotactic treatment of lung 

metastases. Indeed, a large percentage of patients will likely continue to require fiducial 

marker placement for treatment with CyberKnife. 

 

SBRT for early-stage NSCLC may also be delivered on a conventional linear 

accelerator rather than CyberKnife. However, the tumor tracking enabled by the 

CyberKnife and fiducial markers results in a substantial reduction of geometric error 

caused by respiratory motion compared with cases where no tumor tracking is 

used [17]. Additionally, tumor tracking results in irradiation of less normal lung 

parenchyma compared with motion-encompassing methods (eg, irradiation of the entire 

volume in which a lung tumor moves through the respiratory cycle). Even when tumor 

tracking is not implemented and treatment is delivered on a conventional linear 

accelerator, fiducial markers are sometimes placed to reduce the risk of geographical 

miss or when the linear accelerator is not equipped with a cone-beam CT scanner. 

 

Limitations of this study include its retrospective nature, such that it is possible that not 

all minor complications were documented. Based on results following endovascular coil 

placement for pulmonary arteriovenous malformations, one might anticipate a 3% rate 

of groin hematoma [222, 223], and this was not observed in the present study. 

https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib29
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib6
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib30
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib31
https://www.sciencedirect.com/science/article/pii/S105104431930418X?via%3Dihub#bib32


84 

Additionally, the cohort of patients who underwent transthoracic fiducial placement was 

relatively small compared with the endovascular fiducial cohort, owing to the adoption of 

the endovascular technique as the first-line method for fiducial placement during the 

early years of the study. 

 

In conclusion, endovascular placement of embolization coils for lung tumor markers is 

safe and effective. This may be the preferred method of fiducial marker placement for 

patients undergoing lung SBRT. 
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Abstract 

Background/purpose: To determine the efficacy and toxicity profile of a stereotactic 

body radiotherapy (SBRT) boost as a first line treatment in patients with oropharyngeal 

squamous cell carcinoma (OPSCC).  

Materials and methods: We performed a retrospective cohort study in 195 consecutive 

OPSCC patients with T1-small T3 disease, treated at Erasmus MC between 2009 and 

2016 with a SBRT (3 × 5.5 Gy) boost after 46 Gy IMRT. Primary endpoints were 

disease-specific survival (DSS) and Grade ≥3 toxicity (Common Terminology Criteria). 

The Kaplan-Meier method and Cox regression model were applied to determine rates 

and risk factors.  

Results: The median follow-up was 4.3 years. Treatment compliance was high (100%). 

Rates of 5-year DSS and late grade ≥3 toxicity were 85% and 28%, respectively. Five-

year overall survival was 67%. The most frequently observed toxicities were mucosal 

ulceration or soft tissue necrosis (n = 30, 5 year 18%), dysphagia or weight loss (n = 18, 

5 year 12%) and osteoradionecrosis (n = 11, 5 year 9%). Current smoker status (hazard 

ratio [HR] = 2.9, p = .001) and Charlson Comorbidity Index ≥2 (HR = 1.9, p = .03) were 

was associated with increased toxicity risk. Tooth extraction prior to RT was associated 

with increased osteoradionecrosis risk (HR = 6.4, p = .006).  

Conclusion: We reported on outcomes in the largest patient series to date treated with 

a hypofractionated boost for OPSCC. Efficacy was good with survival rates comparable 

to conventionally fractionated (chemo)radiotherapy. Grade ≥3 toxicity profiles showed 

high rates of soft tissue necrosis and osteoradionecrosis. Strategies to mitigate severe 

toxicity risks are under investigation to improve the tolerability of the SBRT boost. 
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6.1 Introduction 

Stereotactic body radiotherapy (SBRT) allows for precise delivery of ablative radiation 

doses to the target with improved sparing of surrounding organs at risk [222, 223]. 

SBRT may theoretically be beneficial in the primary treatment of oropharyngeal 

squamous cell carcinoma (OPSCC), as the oropharynx has critical structures in close 

proximity. Additionally, SBRT offers greater convenience to patients and radiotherapy 

departments because of reduced number of fractions. Finally, biological dose escalation 

may be achieved through SBRT regimens, which theoretically may overcome the 

intrinsic radioresistance of less radiosensitive disease [226]. Highly hypofractionated 

regimens, however, may be associated with greater risk of late toxicity, particularly 

necrotic processes [20–22, 227–229]. 

Despite the potential advantages of SBRT for head and neck malignancies and a 

growing interest internationally [11], there is sparse literature in the setting of newly 

diagnosed disease. To date, SBRT has been used primarily for re-irradiation [11–13] or 

rarely, for nasopharyngeal carcinoma [15, 230]. The few series on SBRT in the primary 

setting have either included fewer than 40 patients and diverse head and neck sites 

[6,15] or median follow-up times less than 18 months [21, 23]. In order to evaluate 

SBRT as a primary treatment modality, studies with long-term follow-up consisting of 

homogenous patient groups are required. 

At our institution, SBRT as a boost following external beam RT has been a standard 

treatment option for select OPSCC patients since the introduction of a frameless 

radiosurgery system (Cyberknife; Accuray Inc., Sunnyvale, CA, USA) in 2005. Prior to 

this, these patients received the boost by brachytherapy. While both techniques deliver 

a similar highly conformal dose distribution [225], the SBRT boost is advantageous as it 

is noninvasive and not limited by the strict patient eligibility criteria of brachytherapy or 

the requirement for specifically trained personnel. 

Previously, we reported favorable quality-of-life and toxicity outcomes with SBRT boost 

up to 24 months post treatment [224,232]. In the current study, we felt it prudent to 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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investigate long-term outcomes especially given the potential for highly hypofractionated 

RT schedules to increase the risk of late toxicities [20–22, 227–229]. 

6.2 Material and methods 

Patients 

Consecutive OPSCC patients treated at the Department of Radiotherapy at Erasmus 

MC were identified from a prospective radiotherapy planning database which started in 

2009. Eligibility criteria for the present study included: treatment with SBRT boost, T1 -

“small” T3 (no defined size criterion, but at the discretion of the multidisciplinary tumor 

board), N0–N2c, M0 primaries. The following exclusion criteria were applied: diagnosis 

with another primary malignancy within 6 months, previous oropharyngeal cancer or 

previous head and neck RT. Patients were staged with a CT or MRI for the primary site, 

ultrasound of the neck, and in the case of N2 disease, thoracic CT. 

During the early years of the inclusion period, patients with T1–T2 tumors preferentially 

received brachytherapy when eligible (n = 58) [232] and the remaining T1–T2, and small 

T3 tumors, received SBRT boost when eligible (i.e. tumors not adjacent to the thyroid 

cartilage). Since 2012, patients could receive SBRT boost first line, since our early 

experience with the SBRT boost regimen was favorable [232]. In total, 195 patients 

were treated with SBRT boost and fulfilled the in- and exclusion criteria. Patients with 

poorer performance status (Eastern Cooperative Oncology Group [ECOG] ≥ 2) who 

were eligible for curative-intent treatment received conventional 70 Gy IMRT. ECOG ≥2 

patients may find it challenging to remain still for the 30 min required for delivery of each 

SBRT fraction, and thus conventional IMRT may be a more suitable treatment option. 

Treatment and follow-up 

The treatment regimen consists of 46 Gy accelerated IMRT (23 daily fractions, 6 

fractions per week) to the primary tumor and neck, followed by a sequential SBRT boost 

to the primary tumor of 16.5 Gy in 3 daily fractions. The timing is such that total weekly 

dose during the boost phase never exceeds 16.5 Gy. Thus, the total treatment time for 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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the regimen is approximately 5 weeks. We regard this SBRT boost treatment schedule 

as a local dose intensification since the calculated biologically effective dose (including 

reduced treatment time) delivers up to 30.3 Gy (α/β = 10) higher biologically effective 

dose than a 7-week conventional IMRT regimen for rapidly proliferating tumors [233, 

234] (equation provided in supporting information). However, transforming this schedule 

into an equivalent dose in 2-Gy fractions, which does not account for overall treatment 

time, EQD2 is 67 Gy (α/β = 10). Patients with T3 or N2c disease without 

contraindication for systemic treatment received two cycles of cisplatin (100 mg/m2) on 

day 1 and 22 of the IMRT phase. Our early experience with the SBRT boost regimen 

suggested good outcomes treating patients with N2a-b without chemotherapy, and thus 

chemotherapy was not given to patients with earlier nodal classification [232]. Patients 

with positive lymph nodes at the time of diagnosis underwent a neck dissection two 

weeks following RT, as previously described [235]. The target volume for the 

accelerated IMRT phase consists of the gross tumor volume (GTV), plus a 1 cm margin 

on the primary and a 5 mm margin on positive lymph nodes to account for subclinical 

disease, and an additional 5 mm margin (PTV) to account for set-up error/positional 

uncertainty. The target coverage objective was PTV V95 > 98%. Following the IMRT 

phase, a second planning CT scan is obtained. This is rigidly co-registered with the 

planning CT for the IMRT phase, and the GTV and CTV volumes are transposed. The 

SBRT PTV consists of the CTV of the primary tumor only, plus a 3 mm margin. The 

dose is prescribed to the 80% isodose line. The dose constraints for the total plan 

(EQD2 with α/β = 2) are: spinal cord Dmax <50 Gy and brain stem Dmax <60 Gy (both 

hard planning constraints); parotid glands Dmean <26 Gy, submandibular glands 

Dmean <39 Gy, oral cavity Dmean <50 Gy, constrictor muscles Dmean <55 Gy (when 

achievable). The SBRT boost is delivered on the Cyberknife radiosurgery system [1,17]. 

Follow-up visits (head-and-neck multi-disciplinary team) were planned every 2 months 

for the first year, gradually reduced to every 6 months, for a minimum of 5 years. 
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Endpoints 

The primary endpoints were disease specific survival (DSS) and late grade ≥3 toxicity. 

For DSS, both tumor-related death and toxicity-related death was included as events. 

Secondary endpoints were overall survival (OS) and locoregional control (LRC). 

Disease-free survival (DFS) (events: local, regional, distant failure, and death) and 

progression-free survival (events: local, regional, or distant failure) were also assessed 

to facilitate comparison of outcomes with the literature. 

Toxicity 

Acute grade ≥3 dysphagia was scored as requirement for a feeding tube within the first 

90 days after RT, according to the Common Terminology Criteria for Adverse Events 

version 4.0 (CTCAE v.4.0). Systematic data on acute dermatitis and mucositis were not 

available and therefore not scored. 

Late toxicity (> 90 days after completion of RT) was scored retrospectively based on 

CTCAE v.4.0. Of note, CTCAE v.4.0 does not mention hyperbaric oxygen (HBO) for 

toxicity grading of soft tissue necrosis or osteoradionecrosis (ORN). Version 3 

designates HBO as grade 3, as do most recent studies [236–238]; thus, it was scored 

as grade 3 toxicity for the present study also. In case of recurrent disease, further 

toxicity scoring was omitted. For patients requiring tube feeding >90 days post-

treatment, we evaluated whether this was related to dysphagia (scored as grade 3 

dysphagia) or dry mouth (grade 3 xerostomia). Grade 3 trismus was scored as maximal 

mouth opening <1 cm. 

Statistical analysis 

Statistical analyses were performed using SPSS software (version 24, IBM Corporation, 

Armonk, NY). p-Values <.05 were considered statistically significant. The Kaplan-Meier 

method was used to calculate survival and cumulative incidences of toxicity. OS and 

DSS were calculated from the first fraction of RT until death from any cause or death 

from OPSCC, respectively. Patients alive were censored at the date of last follow-up 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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visit. Follow-up time for toxicity endpoints was calculated from the last radiotherapy 

fraction. Patients were censored from toxicity analysis at time of disease recurrence, 

death, or last follow-up, whichever came first. Prognostic factors for toxicity were 

evaluated in univariable Cox regression models, and multivariable models using the 

forward selection method (entry p < .1, removal p > .1). Covariates assessed included: 

sex, age (>65 vs. ≤65 years), ECOG performance status (0 vs. 1), smoking (> 10 pack-

years vs. ≤ 10, and smoker vs. nonsmoker at diagnosis), Charlson Comorbidity Index 

score (CCI) (≥2 vs. <2), T stage (T3 vs. T1/T2), N stage (N2 vs. N0–N1), tooth 

extraction prior to RT, current or previous alcohol abuse, body mass index (BMI) (≤ 22 

vs. > 22), disease subsite (tonsil vs other, base of tongue vs other), and bilateral vs 

unilateral neck RT. 

The study protocol was reviewed by the Medical Ethical Committee of the Erasmus 

Medical Center (EMC17404), and permission was obtained for retrospective 

anonymized data collection, in accordance with local and national regulations. 

6.3 Results 

Patients 

All 195 study patients successfully completed the treatment regimen. Of the 195 study 

patients, one was lost to follow-up, two died prior to the late toxicity period, and 10 had 

residual or recurrent disease less than 90 days after RT, leaving 182 (93%) available for 

late toxicity assessment. 

A majority of patients (n = 116, 60%) had stage III-IVA disease according to AJCC 7th 

edition staging, and 113 (58%) has tonsil primaries. A total of 27 patients had T3 and/or 

N2c disease (one patient had both). Twelve patients received concurrent 

chemotherapy, and the additional patients with T3 and/or N2c disease did not (n = 15) 

due to contraindications to chemotherapy (e.g. comorbidities). A total of 93 patients 

(48%) had p16 status determined, and among these, 29 (31%) were p16 negative and 

64 (69%) were p16 positive. Notably, during the years of study, patients were generally 
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only tested for p16 if they were suspected of having HPV-associated disease (young 

age, lack of smoking history). For 14 patients p16 status was established 

retrospectively. The median age was 61 years (range 34–86), and 33 patients (17%) 

were over the age of 70 years. A total of 103 (53%) were smokers at the time of 

diagnosis. Additional baseline patient and tumor characteristics are shown in Table 1. 

Survival 

The 2-year and 5-year OS were 87% (2% 1 standard error [SE]) and 67% (4% 1SE), 

respectively (Figure 1), while for DFS, these rates were 81% (3% 1SE) and 62% (4% 

1SE), respectively. There were 53 deaths (25 OPSCC-related, 12 other malignancy, 2 

toxicity-related, 9 other causes, 5 unknown cause). Rates of 2-year and 5-year DSS 

were 89% (2% 1 SE) and 85% (3% 1SE), respectively (Figure 1). Median follow-up for 

surviving patients was 50.6 months (15.0–98.6) and for all patients, 42.8 months (2.1–

98.6).

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0001
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0001


93 

 

 



94 

Figure 1. Kaplan-Meier plots showing freedom from locoregional progression, freedom from any 

progression, disease-specific survival, overall survival, and disease-free survival.
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Locoregional control and disease recurrence 

The 2-year and 5-year LRC were 88% (2% 1SE) and 84% (3% 1SE), respectively. A 

total of 37 patients (19%) experienced local, regional, and/or distant disease recurrence. 

Among the 29 patients (16%) with local and/or regional recurrences, 7 underwent 

successful salvage surgery. The 5-year local and regional control were 90% and 93%, 

respectively. A description of disease recurrences and subsequent treatment is 

provided in supporting information Table S1. A detailed analysis of the location of local 

and regional recurrences with respect to the radiotherapy fields has previously been 

published [233]. 

Acute toxicity 

Two patients required a break in treatment due to aspiration/pneumonia, and 

subsequently completed treatment. During the acute toxicity period, 65 patients (33%) 

required a feeding tube. One patient had a feeding tube at baseline, and was not 

included in this assessment. 

Late grade ≥3 toxicity 

Among the 182 patients available for late toxicity assessment, 47 experienced grade ≥3 

late toxicity with an estimated cumulative incidence of 28% (4% 1SE) at 5 years (Figure 

2). Median time to onset of grade ≥3 late toxicity was 10.0 months (3.0–77.6) after RT. 

The 5-year cumulative incidence of grade ≥3 mucosal ulcers or soft tissue necrosis was 

18% (3% 1SE) (Figure 3). This included one patient with grade 4 toxicity (carotid blow-

out which was treated successfully with surgical ligation) and one grade 5 toxicity in a 

patient who died from tracheal necrosis/bleeding. Among the total 30 patients who 

experienced grade ≥3 mucosal ulcers or soft tissue necrosis, the time from occurrence 

until healing was <6 months in 14 patients (47%), 6–12 months in 9 patients (30%), and 

> 12 months in 6 patients (20%), with one patient (3%) lost to follow-up. The 5-year 

cumulative incidence of grade ≥3 osteoradionecrosis (ORN) was 9% (3% 1SE) (Figure 

3). Among the total 11 cases of ORN, 5 experienced fracture and/or required surgery 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0002
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0002
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0003
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0003
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0003
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(grade 4), and an additional one died from surgical complications (grade 5). The 5-year 

cumulative incidence of grade ≥3 dysphagia or weight loss was 12% (3% 1SE) (Figure 

3). For comparison with the literature, crude rates of grade ≥3 dysphagia (tube feeding 

dependence) at 1 and 2 years were 2% (n = 4) and 2% (n = 3), respectively. Additional 

grade ≥3 toxicities are provided in Table 2.

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0003
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0003
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Figure 2. Kaplan-Meier plots showing cumulative incidence of late grade ≥3 toxicity in 182 

patients. 

 

Figure 3. Kaplan-Meier plots showing cumulative incidence of specific late grade ≥3 toxicity in 

182 patients. 
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Prognostic factors for toxicity 

Smoking status (smoker at diagnosis) and a CCI ≥2 were associated with higher risk of 

grade ≥3 late toxicity on both uni- and multivariable analysis (Table 3). Current smokers 

had a 41% (6% 1SE) cumulative 5-year incidence of grade ≥3 late toxicity compared to 

14% (4% 1SE) in nonsmokers (p < .01) (Figure 2). 

 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375#F0002
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Tooth extraction prior to RT was predictive for grade ≥3 ORN (HR 6.4, p < .01) 

(supporting information Table S2 and Figure 2). Only univariate analysis was 

undertaken for ORN due to the low total number of events. Median time from extraction 

to start of RT was 18 days, and was not associated with ORN (≤ vs > median time, HR 

1.9, p = .4). Smoker at diagnosis and tonsil subsite were significantly associated with 

increased mucosal ulcers/soft tissue necrosis (p < .05) on multivariable analysis 

whereas CCI showed a trend towards statistical significance (p < .1) (supporting 

information Table S2). CCI ≥2 and smoker at diagnosis were associated with severe 

late dysphagia/weight loss on multivariable analysis (supporting information Table S2). 

HPV-related disease 

Patients with tumors positive for p16 (n = 63), compared to those with tumors negative 

for p16 (n = 30), were more likely to have lower CCI scores (p < .01), fewer pack-years 

(p < .01), nonsmokers (p < .01), higher BMI (p < .01), younger of age (p = .04), and 

better performance status (p < .01). The cumulative overall grade ≥3 toxicity rate was 

15% (5% 1SE) at 5 years in the p16 positive group. 

Tumor p16-positive status was strongly associated with lymph node positivity (N1–N2c 

vs N0) (Spearman’s correlation of 0.45, p < .001). Neck dissection (which was 

performed for patients with lymph node positivity) was associated with lower risk of 

grade ≥3 toxicity (hazard ratio = 0.27, p < .001), likely due to the association with p-16 

positivity (hence neck dissection was not included in the multivariable toxicity analysis). 

Prognostic factors for overall survival 

Prognostic factors for overall survival on multivariable analysis (forward model with 

entry <0.05, removal <0.1) included performance status (ECOG 1 vs 0, HR = 2.6, p < 

.01), pack years (>10 vs ≤10, HR = 2.2, p = .055), and CCI (CCI ≥2 vs 0–1, HR = 

1.9, p = .04). Age, N stage, T stage, current smoking, and tumor subsite did not reach 

significance. Among the patient subset with known HPV status (n = 93, result of 

https://doi.org/10.1080/0284186X.2019.1581375
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selective HPV testing), the final multivariable model only selects HPV positivity as a 

prognostic factor (HR = 5.1, p = .001), and all other factors do not reach significance. 

 

6.4 Discussion 

In this single institution series, we report the long-term outcomes of 195 OPSCC 

patients treated with IMRT plus a SBRT boost, constituting the largest series in the 

literature of SBRT in the primary setting for head and neck malignancies. We observed 

a 5-year disease-specific survival and overall survival of 85% and 67%, respectively. 

Cumulative incidence of Grade ≥3 toxicity at 5 years was 28%. A previous analysis of 

the SBRT boost regimen at our center reported only 5% late grade ≥3 toxicity. However, 

this was in a smaller patient cohort (n = 102), with shorter follow-up, and only included 

T1–T2 tumors [224]. 

Overall, oncologic outcomes following SBRT boost are similar to those following 

conventional radiotherapy [238–240]. Few studies with similar patient populations (early 

T-stage OPSCC, early to advanced nodal disease) are available for meaningful 

comparison, and rates of HPV-associated disease have not been reported in these 

studies [239–241]. Nevertheless, one series of early T-stage tumors reported a 5-year 

OS of 67% [241], identical to the 5-year OS here. Our 2-year DFS of 81% is also 

consistent with previous studies, which report rates between 82 and 90% [239, 241] in 

T1–T2 tumors with earlier nodal classification (N0–N1) than the present study. 

The apparent high rate of p16 positivity among those tested in the present study is 

partly a reflection of selective p16 testing practices (more often in those lacking a 

significant smoking/alcohol history). The rate of HPV-associated disease in the 

Netherlands during the years of study was 40–50% [243, 243], although in this 

population of early T-stage tumors, many with advanced nodal disease, this rate may be 

higher. 

Advantages of the regimen include its tolerability and high compliance rate: all patients 

completed treatment and only two required short treatment breaks. Conversely, 70 Gy 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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conventional regimens typically require treatment breaks in 10–20% of patients due to 

acute toxicity, which are associated with worse oncologic outcomes [244, 245]. 

Additionally, the SBRT boost regimen may be a definitive treatment option for patients 

with advanced disease (stage III–IV) who are not eligible for conventional 

chemoradiotherapy due to advanced age and comorbidities which preclude concurrent 

chemotherapy; notably, 33 (17%) of patients in our study were over the age of 70 years. 

Finally, by avoiding concurrent chemotherapy, ototoxicity, renal dysfunction, and other 

chemotherapy-related toxicities are avoided. 

The major limitation of the SBRT boost regimen is the high rate of severe late toxicity. 

Notably, 30 patients (16%) developed mucosal ulcers/soft tissue necrosis. Following 

conventional RT, late mucosal ulceration is relatively rare, occurring in 1–8% of patients 

[238, 239, 246, 247]. Our 9% rate of ORN is also higher than in the literature (<3% with 

modern radiation techniques) [228, 236, 248] with many grade 4 ORN cases which are 

rare following conventional RT [236, 240, 248]. The rates of severe late dysphagia we 

observed (crude rates of 2% at both 1 and 2 years) are slightly lower than those 

following conventional IMRT in early stage disease (crude 1- and 2-year rates of 7% 

and 4%, respectively) [249]. ”These findings are consistent with historical data showing 

increased late toxicity with hypofractionation in head and neck cancers [227, 228]. The 

majority of head and neck SBRT studies in the literature are in the setting of re-

irradiation for recurrent disease, and while some of these have reported high incidence 

(10–17%) of necrotic processes such as soft tissue necrosis and carotid blow-out [20–

23], others have not found this to be the case, with total late grade ≥3 toxicity rates of 3–

6% [12, 13]. Different dose fractionation regimens as well as patient selection criteria 

may largely account for this difference. One other study evaluating SBRT boost (10–25 

Gy in 3–5 fractions) following conventionally-fractioned RT (median 50.4 Gy) reported 

grade ≥3 toxicity in 35% (soft tissue necrosis in 27%) [229]. 

Risk factors for severe late toxicity were identified, and smoking at the time of diagnosis 

was the factor which emerged most consistently. This was predictive for total grade ≥3 

late toxicity, and also for mucosal ulceration/soft tissue necrosis, and dysphagia/weight 

loss. The cumulative incidence of severe late toxicity in current smokers was 41%, 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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versus 14% in nonsmokers. This is consistent with the vasoconstrictive and thrombotic 

microvascular effects of cigarette smoking [250], which likely compound the 

microvascular injury from radiation which can lead to late toxicity. A less pronounced 

effect has been demonstrated following conventional RT, where an 18% increase in late 

grade ≥3 toxicity has been observed in smokers compared to nonsmokers [251]. 

Tooth extraction prior to RT was strongly associated with ORN. This was despite a 

median interval of 18 days before the start of treatment, an interval which has been 

associated with low ORN risk in conventional radiotherapy [252]. Comorbidity as 

measured by the CCI was significantly associated with general grade ≥3 late toxicity 

and late grade ≥3 dysphagia/weight loss, and with a trend (p < .1) for increased 

mucosal ulcers/soft tissue necrosis. Greater comorbidity burden may reduce general 

physiologic reserve, and increase susceptibility to toxicity. To our knowledge, 

comorbidity has not previously been examined as a potential prognostic factor for 

toxicity in head and neck cancer. Finally, tonsil primaries were at higher risk of severe 

late mucosal ulcers/soft tissue necrosis, potentially due to close proximity to the 

oropharyngeal wall. It is notable that patients with tumors positive for p16 experienced 

less grade ≥3 toxicity (5 year 15%), likely because they tend to be nonsmokers, 

younger, and with fewer comorbidities. 

In summary, the regimen of accelerated IMRT and SBRT boost generated good long-

term OS and DSS, but with high rates of severe late tissue necrosis, ORN, and overall 

late grade ≥3 toxicity. To improve the risk-benefit ratio, the protocol for tooth extraction 

will need evaluation with the goal of reducing rates of osteoradionecrosis. Further study 

will be needed to determine dose constraints for normal structures, particularly the 

mandible. 

https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
https://www.tandfonline.com/doi/full/10.1080/0284186X.2019.1581375
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6.5 Supplemental material 

 

Equation 1. 

 

 

Where: 

• D is the total dose (Gy) 

• 𝞪 (Gy-1) and 𝞫 (Gy-2) are the linear and quadratic constants, respectively, in the linear 

quadratic cell-survival equation 

• t is the total treatment time (days) 

• Tk is the lag or onset time until tumor repopulation 

• Tp is the tumor doubling time 

To calculate BED from Equation 1 for the current regimen and for a standard fractionated 70 Gy 

regimen, the following values were utilized19:  

 𝞪/𝞫 = 10 Gy, 𝞪 = 0.3 Gy-1, Tk (for rapidly proliferating head and neck tumors) = 2, Tp = 18 

days.  

 

Supplementary Table 1. Disease recurrences and subsequent treatment. 

 

 n Treatment 

Isolated local recurrence 17 Successful surgical salvage n=6 

Surgical salvage, subsequent recurrence and death 

n=2 

Palliative treatment/supportive care n=9 

Isolated regional recurrence  7 Successful surgical salvage n=1 

Surgical salvage, subsequent recurrence and death 

n=2 

Palliative treatment/supportive care n=4 

Local and regional recurrence 1 Palliative treatment/supportive care n=1 

Regional and distant recurrence 4 Palliative treatment/supportive care n=4 

Isolated distant recurrence  8 Palliative treatment/supportive care n=8 
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Supplementary Table 2. Univariable analysis for factors associated with grade ≥ 3 

osteoradionecrosis.  

 Univariable 

  HR 95% CI p 

Sex (male vs female) 1.00 0.29 – 3.41 1.0 

Age (> 65 vs ≤ 65) 0.92 0.24 – 3.48 0.9 

ECOG (1 vs 0) 0.47 0.06 – 3.66 0.5 

Pack years (> 10 vs ≤ 10) 3.23 0.41 – 25.3 0.3 

Smoker at diagnosis (yes vs no) 3.72 0.80 – 17.4 0.095 

History of alcohol abuse (yes vs no) 0.60 0.13 – 2.78 0.5 

CCI ≥ 2 0.82 0.25 – 2.69 0.7 

BMI at start of RT (≤ 22 vs > 22) 1.44 0.38 – 5.43 0.6 

Tumor subsite tonsil (vs other) 0.53 0.16 – 1.75 0.3 

Tumor subsite BOT (vs other) 1.21 0.26 – 5.60 0.8 

T stage (T3 vs T1-2) 2.03 0.44 – 9.40 0.4 

Bilateral vs unilateral neck RT 1.75 0.46 – 6.67 0.4 

Tooth extraction prior to RT 6.42 1.70 – 24.3 0.006 

 

BMI body mass index; BOT base of tongue; CCI Charlson Comorbidity Index; CI confidence 

interval; ECOG Eastern Cooperative Oncology Group; HR hazard ratio; RT radiotherapy 
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Supplementary Table 3. Univariable and multivariable analyses for factors associated grade ≥ 3 

mucosal ulceration/soft tissue necrosis, and for grade ≥ 3 dysphagia/weight loss.  

 

 Mucosal ulceration/soft tissue necrosis  Dysphagia/weight loss  

 Univariable  Multivariable Univariable  Multivariable   

  HR p HR 95% CI p HR P HR 95% CI p 

Sex (male vs female) 0.43 0.023        0.59 0.3    

Age (> 65 vs ≤ 65) 0.90 0.8    0.95 0.9    

ECOG (1 vs 0) 0.80 0.6    2.22 0.11    

Pack years (> 10 vs ≤ 

10) 

2.15 0.16    2.67 0.19   

 

Smoker at diagnosis  

(yes vs no) 

2.63 0.019 2.95 1.31 – 6.65 0.009 3.21 0.040 3.38 1.11 – 10.3 

0.032 

History of alcohol 

abuse (yes vs no) 

1.43 0.3   

 

3.20 0.014   

 

CCI ≥ 2 1.87 0.099 1.95 0.93 – 4.09 0.079 8.72 0.004 9.02 2.07 – 39.3 0.003 

BMI at start of RT  

(≤ 22 vs > 22) 1.96 
0.083 

   2.49 
0.060 

   

Tumor subsite tonsil  

(vs other) 

2.52 0.032 

2.83 1.21 – 6.63 0.016 

0.44 0.092   

 

Tumor subsite BOT  

(vs other) 

0.33 0.13   

 

0.57 0.5 

   

T stage (T3 vs T1-2) 0.60 0.5    3.87 0.010    

Bilateral vs unilateral 

neck RT 

0.61 0.2   

 

3.76 0.036 

   

 

BMI body mass index; BOT base of tongue; CCI Charlson Comorbidity Index; CI confidence interval; ECOG 

Eastern Cooperative Oncology Group; HR hazard ratio; RT radiotherapy 
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Abstract 

 

Background: To investigate the location of recurrences with respect to the radiation 

fields in oropharynx cancer after intensity-modulated radiotherapy and stereotactic body 

radiotherapy (SBRT) boost. 

 

Methods: Local and regional recurrences were delineated on diagnostic scans which 

were rigidly coregistered with treatment planning scans, then classified based on the 

location of the center of mass (COM) as well as volumetrically. 

 

Results: In 195 patients, the 5-year local and regional control were 90% and 93%, 

respectively. By COM, 76% of local recurrences were in-field; 24% were out-of-field, 

significantly higher than 0%-5% in the literature for conventional regimens (P < 0.01). 

Regional recurrences (19 in 12 patients) were largely within unirradiated neck levels 

(47%) and electively irradiated regions (42%). 

 

Conclusions: The regimen with biological equivalent dose intensification provides 

excellent overall and in-field local control. The highly conformal boost technique was, 

however, associated with increased out-of-field local failure. 
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7.1 Introduction 

Radiotherapy (RT) provides a functional organ preservation strategy for definitive 

treatment of oropharyngeal squamous cell carcinoma (OPSCC). However, locoregional 

recurrences remain problematic and are a significant source of morbidity and mortality. 

The majority of local recurrences occur within the high-dose RT region [253-

255], suggesting that strategies to overcome radioresistance are needed. Overall dose 

intensification, however, is challenging as regimens are already near patient tolerance. 

Highly conformal dose escalation may potentially improve in-field control while sparing 

swallowing structures, salivary glands, and other organs at risk. Brachytherapy has 

been recommended as one such strategy; however, it is technically demanding with 

strict patient eligibility criteria [256]. At our institution, a regimen consisting of 

accelerated intensity-modulated radiotherapy (IMRT) followed by stereotactic body 

radiotherapy (SBRT) boost was developed, initially as an option for those ineligible for 

brachytherapy, but later used standardly for eligible patients with T1-small T3, N0-N2 

OPSCC. The SBRT boost delivers a highly conformal dose with steep dose gradients 

outside the target. Previously, we reported improved swallowing function, xerostomia, 

and qualify-of-life in patients following SBRT boost compared to conventional IMRT 

[232]. An additional advantage over a conventional schedule includes greater 

convenience for both patients and RT departments, as hypofractionation allows for 

fewer fractions delivered and reduced overall treatment time. 

Several studies have reported overall oncologic outcomes of an SBRT boost for head 

and neck malignancies, but without detailed analysis of patterns of failure with respect 

to RT fields, and in only a minority of patients with OPSCC [229, 231]. The biologically 

effective dose intensification accomplished with an accelerated schedule and a 

hypofractionated boost may be advantageous for in-field local control. With highly 

conformal dose distributions and small margins around the clinical target volume (CTV), 

there is theoretically a greater risk of missing the target. When more conformal IMRT 

techniques began replacing three-dimensional conformal RT for OPSCC two decades 

ago, concern of potentially higher rates of marginal recurrences prompted numerous 

https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0001
https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0003
https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0004
https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0006
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studies evaluating locoregional recurrence location. These studies, however, found 

marginal and out-of-field recurrences to be uncommon [253-255, 257, 258]. Stereotactic 

RT planning and dose delivery take conformality one step further and place greater 

importance on accurate target contouring and disease delineation, a known area of 

potential weakness in the RT planning process [259]. The effect of a highly conformal 

dose distribution and steep dose gradients on marginal and out-of-field failure is 

uncertain and of particular relevance in the era of increasingly conformal dose 

distributions and the increasing utilization of proton beam therapy [260]. The primary 

objective of this study was to assess patterns of locoregional failures with respect to RT 

fields following SBRT boost for OPSCC. Secondary objectives were to determine 

prognostic factors for local and regional recurrences, and overall rates of local and 

regional control. 

7.2 Patients and methods  

Patient selection 

Patients for the study were selected from a prospective RT planning database of 

consecutive patients with OPSCC treated at the Department of Radiotherapy at 

Erasmus MC. The database was implemented in March 2009. Between March 2009 

and July 2016, 557 patients with OPSCC started curative intent treatment. Eligibility 

criteria for the current study were treatment with SBRT boost, T1, T2, or small T3 (as 

evaluated by multidisciplinary tumor board, with no defined size criterion), N0-N2c, and 

M0 primaries. Exclusion criteria included T4 primaries, non-SCC histology, and 

diagnosis with another primary malignancy within 6 months, previous oropharyngeal 

cancer, or previous head and neck RT. All patients had biopsy-confirmed SCC involving 

one or more oropharyngeal subsites. Staging investigations included a CT or MRI of the 

primary site, ultrasound of the neck, and a thoracic CT (if N2). 

The protocol for first-line definitive treatment of T1-T2 tumors at our center changed 

over time, such that the percentage of patients receiving SBRT boost was not stable 

during the study period. During the early years of the study, patients with T1-T2 tumors 

received brachytherapy (when eligible [232] eg, no contraindication for general 
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anesthesia) and the remaining patients with T1-T2, and small T3 tumors received SBRT 

boost when eligible (ie, tumors not adjacent to the thyroid cartilage). Due to our positive 

early experience with the SBRT boost regimen,5 after approximately 2012, patients 

could receive SBRT boost first line. Furthermore, treatment of small T3 tumors with 

SBRT was stopped in 2013. Patients with large T3 or T4 tumors were treated with 

concomitant chemoradiation with 70 Gy in 35 fractions. During the years of study, 

approximately 50% of patients with T1-T3 N0-2c OPSCC received SBRT boost, 10% 

brachytherapy boost, 35% IMRT chemoradiotherapy, and 5% other regimens (generally 

more palliative treatment regimens due to comorbidities or poor performance status). 

Treatment regimen 

Treatment with the SBRT regimen consisted of 46 Gy accelerated IMRT (23 daily 

fractions, 6 fractions per week) to the primary tumor and neck, followed by an SBRT 

boost to the primary tumor of 16.5 Gy in 3 daily fractions. Patients with T3 or N2c 

disease who were eligible for systemic therapy received two cycles of cisplatin 

(100 mg/m2) on days 1 and 22 of the IMRT phase. Chemotherapy was not given to 

patients with earlier nodal classification (eg, N2a-b) because favorable outcomes have 

been demonstrated at our center with treating these patients without concurrent 

chemotherapy [232]. The boost was delivered following the IMRT phase but such that 

the weekly dose never exceeded 16.5 Gy. Patients with node-positive disease 

underwent a selective neck dissection 2 weeks after the SBRT boost, as previously 

described [235]. 

IMRT target delineation and treatment 

The gross tumor volume (GTV) was delineated on contrast-enhanced treatment 

planning CT, which was coregistered with the diagnostic scan (in the majority of cases, 

an MRI). The CTV consisted of the GTV plus a 1 cm volumetric expansion, cropped to 

exclude air cavities and uninvolved bone. In N0 and N1 disease, the elective nodal CTV 

consisted of bilateral neck levels II-IV. In N2 disease (biopsy-confirmed and/or short-

axis diameter >1 cm and/or necrotic lymph nodes), ipsilateral levels Ib and V, and 

bilateral retropharyngeal lymph nodes were also included, whereas for N1 disease, 
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levels Ib and V were also included if adjacent lymph node levels were involved. Lymph 

node levels were contoured according to international expert consensus guidelines 

[261]. In well-lateralized primaries (small primaries of the tonsil, soft palate, or base of 

tongue 1 cm away from midline) with ≤N2b nodal disease, unilateral neck irradiation was 

performed. The planning target volume (PTV) consisting of the CTV plus a 5-mm 

volumetric expansion was constructed. 

Target coverage objectives included delivery of at least 95% of the prescription dose to 

95% of the PTV. Treatment was delivered with a 7-field IMRT technique. Patient 

immobilization was achieved with a thermoplastic head mask. Image guidance was 

performed with pretreatment cone beam CT for the first three fractions and weekly 

thereafter. 

SBRT boost 

A second planning CT scan was obtained following the IMRT phase and rigidly 

coregistered with the original planning CT, and GTV and CTV volumes transposed. 

Manual adjustment of the CTV based on tumor response to the IMRT phase as 

assessed on the planning CT scan performed just before the SBRT boost occurred at 

the discretion of the treating physician. The PTV consisted of the CTV plus a 3-mm 

margin. Dose was prescribed to the 80% isodose line. PTV coverage objectives, as well 

as patient immobilization, were identical to the IMRT phase. Treatment was delivered 

on the Cyberknife (Accuray Inc, Sunnyvale, California) as previously described 

[224]. Direct spinal tracking with two orthogonally positioned X-ray cameras was used 

for position verification and real-time adjustment for intra-fraction motion during 

treatment. 

Follow-up visits 

Patients were followed by the head-and-neck multidisciplinary team. Follow-up visits 

were planned every 3 months for the first year following RT, with frequency gradually 

reduced to every 6 months for a minimum of 5 years. Locoregional control was 

assessed at each visit with physical examination including flexible laryngoscopy. When 
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disease recurrence was suspected, examination under anesthesia and/or diagnostic 

imaging was performed (ultrasound, MRI, fluorodeoxyglucose (FDG)-positron emission 

tomography (PET), and/or CT). 

Recurrence analysis 

All local and regional recurrences were delineated on follow-up diagnostic MRI or CT 

based on consensus of two radiation oncologists. The follow-up scans were rigidly 

coregistered with treatment planning CT scans, optimized for the region of recurrence. 

Local recurrences were classified with respect to the SBRT target volumes (the volumes 

receiving the full prescribed dose). Regional recurrences were classified with respect to 

the IMRT target volumes. Classification was performed using the center-of-mass (COM) 

approach,1 in which the geometric center of the recurrence volume was determined 

using the centroid localization tool in MIM 6.6 (MIM Software Inc, Cleveland, Ohio) and 

localized as within the GTV, CTV, or PTV, or outside the PTV. To facilitate comparison 

with the literature, volumetric classification was also performed. In-field, marginal, and 

out-of-field were defined as ≥95%, 20%-94%, and <20% of the recurrence volume 

within the CTV and PTV [253, 255, 257, 258]. An example is shown in Figure 1. 
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Figure 1. Local out-of-field recurrence of T1 N1 tumor of the left vallecula (patient 16). The 

planning target volume (PTV) of the original tumor (black) was projected onto the recurrence CT 

scan after image coregistration. The recurrence volume is delineated (white). Its center of mass 

(COM) is outside the PTV and thus “out-of-field.” Volumetrically, 17% of the recurrence volume 

overlaps the PTV and 5% overlaps the clinical target volume (CTV); hence, the recurrence is 

classified as out-of-field PTV and CTV. Isodose lines from the original radiotherapy plan are 

labeled. The original gross tumor volume and CTV were superior to the recurrence COM and 

not visible in the image. 

Statistical analysis 

Overall survival (OS), local control, and regional control were estimated using the 

Kaplan-Meier method. Time of recurrence was based on the first sign of disease 

(clinical or imaging). For local and regional control, patients were censored at the time 

of first event. Residual disease evident at the time of first follow-up visit or planned 

follow-up scan was classified as local failure 12 weeks after the start of RT. Comparison 

of out-of-field failure rates with the literature was undertaken using the nonbinomial test 

https://onlinelibrary.wiley.com/cms/asset/a2186fbf-5476-421b-ac52-d013222e33ca/hed25587-fig-0001-m.jpg
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with test proportion of 6%, a conservative estimation of out-of-field failure rates from the 

literature in which rates <1%-5% have been reported [253-255, 257, 258]. Univariate 

and multivariate analyses of potential variables associated with local and regional 

recurrences were performed using the Cox proportional hazards model. Variables 

assessed included age (>65 vs ≤65 years), sex, Eastern Cooperative Oncology Group 

(ECOG) performance status (0 vs 1), current or past alcohol abuse, smoking (current or 

former vs never), primary subsite (tonsil vs other), tumor grade (poor vs other), p16 

status, T stage (small T3 vs T1/T2), and N stage (N+ vs N0, and N2 vs N0-1). 

Covariates with a P-value ≤0.20 were assessed in multivariate analysis (forward 

conditional method). A P-value ≤0.05 was considered significant. All statistical analyses 

were performed in SPSS version 22.0 (SPSS Inc., Chicago, Illinois). 

The study was reviewed by the Medical Ethical Committee of Erasmus Medical Center 

(EMC17404), and permission to conduct the retrospective study was obtained. 

7.3 Results 

Patients and disease outcomes 

A total of 195 patients with OPSSC fulfilled the inclusion criteria. Patient, tumor, and 

treatment characteristics are shown in Table 1. One hundred sixteen patients (60%) had 

stage III-IVa disease. All patients completed treatment. 
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Table 1. Patient, tumor, and treatment characteristics of 195 patients with oropharyngeal 

squamous cell carcinoma. 

                                                                Number of patients (range or %) 
Age (years) 
Gender 
Male 
Female 
ECOG performance status 
0 
1 
Previous or current alcohol abuse 
Previous or current smoking 
T stage 
T1 
T2 
T3 
N Stage 
N0 
N1 
N2a 
N2b 
N2 
Stage grouping (AJCC 7th Edition) 
Stage I 
Stage II 
Stage III 
Stage IVa 
Oropharynx subsite  
Base of tongue  
Soft palate 
Tonsil 
Oropharynx wall 
Other 
Grade  
1 
2 
3 
Unknown 
P16 status  
Positive 
Negative 
Unknown 
Concurrent systemic treatment 
Cisplatin 
Cetuximab 
Accelerated radiotherapy  
Neck dissection  
Unilateral neck radiotherapy 

61 (34 – 86) 
 

122 (63%) 
73 (37%) 

 
151 (77%) 
44 (23%) 
56 (29%) 
170 (87%) 

 
39 (20%) 
136 (70%) 
20 (10%) 

 
91 (47%) 
32 (16%) 
15 (8%) 

49 (25%) 
8 (4%) 

 
11 (5.6%) 

68 (34.9%) 
44 (22.6%) 
72 (36.9%) 

 
35 (18%) 
23 (12%) 
113 (58%) 
11 (6%) 
13 (7%) 

 
9 (5%) 

86 (44%) 
67 (34%) 
33 (17%) 

 
63 (32%) 
30 (15%) 
102 (52%) 

 
10 (5%) 
2 (1%) 

192 (99%) 
101 (52%) 
82 (42%) 

Continuous variables are given as median and range, while categorical variables are    

given as number and percentage.  

Abbreviations: ECOG Eastern Cooperative Oncology Group; AJCC American Joint 

Committee on Cancer  
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The median follow-up for all patients was 42.8 months (range 2.1-98.6 months) and for 

patients alive at the time of analysis (n = 169) was 50.6 months (range 18.0-

98.6 months). There were 26 deaths from oropharyngeal cancer, yielding a 5-year 

disease-specific survival of 85.2%. Estimated five-year OS was 66.7%. There were 17 

patients with local recurrences, 11 with regional recurrences, and 1 with both local and 

regional recurrence. Median time to local and regional recurrence was 5.5 months 

(range 3.0-37.8 months) and 17.0 months (range 3.0-73.1 months), respectively. 

Estimated 2-, 3-, and 5-year local control rates were 92.6%, 91.2%, and 90.0%, 

respectively (Figure 2). Estimated 2-, 3-, and 5-year regional control rates were 94.8%, 

94.0%, and 92.8%, respectively (Figure 2). Distant metastases were the first site of 

relapse in 11 patients (3 of whom also had concurrent regional recurrence). 

 

 

Figure 2. Kaplan-Meier plots of local and regional control.  

Patterns of failure analysis 

Twenty-seven of 29 patients with local and/or regional recurrences (93%) had follow-up 

imaging available and were included in the recurrence location analysis. 
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Local recurrences 

The COM of local recurrences with follow-up imaging available (n = 17) was within the 

SBRT GTV in 12 patients (71%), outside the GTV but within the SBRT CTV in 1 patient 

(6%) and outside the SBRT PTV in 4 patients (24%) (Table 2). In 4 cases (Table 2, 

patients 2, 5, 6, and 17), the CTV was reduced between the IMRT and boost phases, 

with a median volume reduction of 30% (range 21%-34%). In these cases, location of 

the recurrence by COM classification did not change whether classification was with 

respect to the IMRT CTV vs boost CTV. The 24% of out-of-field local failures in the 

current study represents a statistically higher percentage compared to the test 

proportion of 6% (P = 0.009). 

 

 

 

https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-tbl-0002
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Table 2. Characteristics and location analysis of local recurrences. 
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Regional recurrences 

Regional recurrences occurred in 19 distinct lymph nodes levels in 12 patients. These 

19 regional recurrences occurred in 9 unirradiated neck levels (47%) 8 elective regions 

(42%), and 2 times in the originally involved nodal levels (11%) (Table 3). Four of the 84 

patients (4.9%) treated with unilateral neck irradiation experienced contralateral regional 

recurrences. All recurrences in electively irradiated levels had the COM within the 

elective CTV. Similarly, all recurrences within the originally involved nodal levels had the 

COM within the previous nodal GTV. Details of both COM and volumetric classification 

are provided in Table 3.

https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-tbl-0003
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Table 3. Characteristics and location analysis of regional recurrences. 
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Prognostic factors 

Variables associated with local and regional recurrence are shown in Table 4. On 

univariable analysis, ECOG performance status, history of alcohol abuse, and T3 

primary were significantly associated with an increased risk of local recurrence. 

Performance status remained significant on multivariable analysis (P = 0.005), with a 

trend for T3 (P = 0.05). Because p16 status was missing for many patients and testing 

was performed in a nonrandom manner (more frequently performed in younger, 

nonsmoking patients suspected of having HPV-associated disease), p16 was not 

included in the model. With the available data, however, p16 positivity (vs 

negative/unknown) was associated with a reduced risk of local recurrence on univariable 

analysis (hazard ratio, 0.24; P = 0.09). In order to assess if performance status might be 

serving as a surrogate for p16 status in the multivariable model (because patients 

positive to p16 could potentially be of better performance status), correlation between 

p16 positivity and better performance status (ECOG, 0 vs 1) was assessed: there was a 

statistically significant correlation (Spearman's rho, −0.41; P < 0.001). None of the 

covariates examined was significantly associated with the risk of regional recurrence. 

https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-tbl-0004
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Table 4. Prognostic factors for local recurrence and regional recurrence. 

 

 

7.4 Discussion 

Excellent rates of locoregional control were attained in our OPSCC population with a 

high proportion (60%) of stage III-IV disease, using accelerated IMRT followed by an 

SBRT boost. Five-year local and regional control rates of 90% and 93%, respectively, 

compare favorably to brachytherapy outcomes in similar patient 

populations.4 Previously, we reported a 3-year local control rate of 94% following 

brachytherapy boost and 97% following SBRT boost, with no statistical difference in 

local control between the two modalities; however, this included only patients with T1-T2 

tumors [224]. Similarly, our results compare favorably to those following external beam 

RT; in a series of patients with oropharynx cancer with T1-T2 tumors, 5-year local 

control was similar to ours at 91%,15 despite our inclusion of small T3 tumors. A study 

from the same institution reported 5-year local control dropped to 67% in T3 tumors 

[262]. Although a small number of previous studies have reported outcomes following an 

SBRT boost, these have been in the setting of more advanced and/or inoperable 

disease with a minority of patients with oropharynx cancer, precluding meaningful 
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comparison [229, 231]. Of note, during the time frame of the study, p16 testing was 

selective and not on a routine basis; based on previous research in Dutch patients with 

OPSCC, the true incidence of human papilloma virus (HPV)-associated OPSCC in the 

study population is approximately 40%-50% [235, 242, 243]. 

Previous analyses of the location of recurrences with respect to RT fields have reported 

nearly all local recurrences to occur within the site of the previous GTV, suggesting 

radioresistance as the underlying mechanism [253-255, 257, 258]. Here, we observed a 

shift in this classic recurrence pattern: only 76% of local recurrences occurred with COM 

in-field (n = 12 within GTV and n = 1 within CTV), whereas 24% occurred out-of-field 

(n = 4 outside PTV). Low rates of in-field recurrence may have resulted from biological 

dose intensification. The accelerated schedule of the IMRT phase coupled with the 

hypofractionation of the boost phase reduced overall treatment time to 5 weeks from the 

traditional 7 weeks of a conventionally fractionated 70 Gy regimen. This may potentially 

reduce tumor cell repopulation and confer improved in-field control, in keeping with the 

known benefit of accelerated fractionation in head and neck tumors [263]. Based on the 

linear quadratic equation and experimentally determined values for the onset of tumor 

repopulation (Tk) and repopulation time (Tp) in head and neck tumors,21 the difference 

in biologically effective dose (BED) between a standard 70 Gy regimen and the current 

regimen is a minimum of 6.0 Gy10 for more slowly proliferating tumors (Tk = 35 days and 

Tp = 3 days) and up to 30.3 Gy10 for rapidly proliferating tumors (Tk =18 days and 

Tp = 2 days) (equation provided in Supplementary Material). Acknowledging that patients 

with stage III-IV cancer would commonly receive concurrent chemotherapy with an 

estimated benefit of 9.3 Gy10 [264] and that tumors vary with respect to proliferation rate, 

this benefit in BED is somewhat individualized but likely of significant magnitude on a 

population level for patients treated with this regimen. 

Despite high overall local control, the percentage of local failures which were out-of-field 

was higher than reported in the literature. Indeed, previous studies utilizing a 

conventional IMRT approach in patients with OPSCC have found 1%-5% of local 

recurrences to be out-of-field [253-255, 257, 258] significantly lower than the 24% here. 

All out-of-field recurrences occurred within 4 years of treatment, involved the site of the 
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original tumor (although some were centered at different locations), and in all but one 

case, a biopsy was performed and was histologically consistent with the original tumor. 

Using COM classification, Raktoe et al. [253] reported none of the 20 local failures in 

131 patients with OPSCC occurred outside the PTV, with only 1 occurring outside the 

CTV. Studer et al. [255] found all 46 local failures to be in-field PTV. Due et al. 

[254] found that only 1 of 48 locoregional recurrences occurred out-of-field (4%). Other 

studies using a volumetric approach have reported similar findings [257, 258]. 

Potential causes of higher relative out-of-field failure rates warrant consideration. With 

highly conformal treatment and steep dose gradients, accurate target delineation 

becomes more critical. Given the known interobserver variability of target delineation 

[259] it may be that in some cases, all disease was not encompassed within GTV/CTV 

targets and rapid dose fall-off resulted in insufficient dose to these areas. Rigorous 

quality assurance of both target delineation and delivery remain critical particularly with 

advanced technology such as stereotactic RT. CTV construction by 1 cm volumetric 

expansion of the GTV was likely sufficient in the vast majority of cases and is consistent 

with recently published international consensus guidelines [265]; pathology studies have 

found nearly all microscopic tumor infiltration within 10 mm of the tumor 

[265, 266]. Similarly, target delineation was consistent with recommended guidelines 

[265] (contrast-enhanced planning CT fused with a diagnostic MRI) and image-guidance 

was state-of-the-art (cone beam CT, and for the SBRT boost, spinal tracking using 

orthogonal X-rays), such that these were not likely factors in the high out-of-field 

recurrence rates. Although reduction of the CTV for the SBRT boost based on tumor 

response following the IMRT phase may theoretically increase out-of-field failures, this is 

not likely a contributing factor to the out-of-field failures in the present study. Only one of 

the local out-of-field failures had the CTV adjusted between the IMRT and SBRT 

phases. Due to lack of availability of RT plans for patients treated during the earlier 

years of the study, formal evaluation of the impact of CTV modification on local control 

could not be undertaken. However, given that tumor regression at the microscopic level 

may not be concentric and may be difficult to predict from observed GTV response, our 

institution has revisited this practice and has now implemented standardized CTV 

margins (1 cm for the IMRT phase and 0.5 cm for the SBRT boost phase). 
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The discrepancy between COM and volumetric classification is consistent with previous 

studies, with volumetric methods typically classifying many recurrences as marginal 

rather than in-field due to the very broad range of percentages (20%-94%) constituting 

marginal recurrences [253, 267]. Due to the effect of timing of assessment on 

classification, with all recurrences eventually growing such that the majority of tumor 

volume is outside the target, volumetric classification was felt to be less accurate than 

COM and its cutoff points lacking biological rationale. Limitations of the COM approach, 

however, include scenarios of recurrence multifocality and nonsymmetrical growth, as 

might occur near anatomical boundaries such as bone. 

The variables identified as prognostic for local recurrence warrant comment. ECOG 

performance status 1 was associated with a nearly four times greater risk of local 

recurrence than ECOG 0. Although previous reports have also noted an association of 

performance status with local recurrence risk [268-270], it was unique that this emerged 

as the sole prognostic factor in the present study. Interestingly, worse performance 

status has been associated with lower rates of treatment response in OPSCC 

[271]. Although mechanisms underlying this finding are uncertain, one possible 

explanation might be an association of poor performance status with reduced 

hemoglobin levels or impaired immune function, factors implicated in worse oncologic 

outcomes [272, 273]. There was a significant association of p16 positivity with ECOG 0 

performance status, which likely contributed to the effect of performance status on local 

recurrence risk. However, this finding is complicated by the fact that p16 testing was 

nonrandom, and the patients with HPV-related disease who had worse performance 

status (along with older age and smoking history) were likely not tested for p16. There 

was a trend for T3 tumors to be associated with worse local control, consistent with the 

known association of T stage with local control [268-270]. 

Limitations of the analysis include its retrospective nature and the modest number of 

recurrences such that the study lacked power to accurately assess the effect of tumor 

characteristics on recurrence pattern. P16 testing was not available for many patients 

(48% of total study population tested, with only 63 patients [32%] positive for p16). 

Based on previous studies showing improved local control in HPV-associated disease 
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[274, 275], this was likely also the case in our population (and is suggested by the 

univariate analysis for p16), but unfortunately this could not be reliably analyzed due to 

nonrandom missing p16 date. Strengths of this study include the availability of 

recurrence imaging and RT plans for most patients, the comprehensive recurrence 

location analysis by both COM and volumetric approaches, and the completeness of 

patient follow-up. 

7.5 Conclusion  

Treatment of OPSCC with accelerated IMRT and SBRT boost provided excellent tumor 

control outcomes with a shift in the typically observed pattern of in-field and out-field 

local failures. The highly conformal dose distribution with steep dose gradients requires 

precise and accurate target delineation with a potential risk of marginal and out-of-field 

local failures. 

  

https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0032
https://onlinelibrary.wiley.com/doi/10.1002/hed.25587#hed25587-bib-0033
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Chapter 8   

 

Discussion 

 

8.1 Introduction  

 

Compared to conventional radiotherapy, SBRT provides more conformal and accurate 

treatment delivery allowing for higher, ablative radiation doses with potentially improved 

tumor control and reduced dose to normal structures. With the lack of data from 

randomized trials, however, database studies are needed to evaluate and improve upon 

current treatment outcomes.  

 

This thesis aimed to provide an improved understanding of prognostic factors and 

clinical outcomes for SBRT for two anatomical sites, lung and oropharynx.  The studies 

here successfully established prognostic factors associated with poor short-term survival 

following lung SBRT (Chapter 3), and provide a prognostic tool for individual patient 

survival prediction in the form of a nomogram (Chapter 4). An improved method of 

fiducial marker placement is established as a safer alternative to the traditional method 

for this high-risk population (Chapter 5). This thesis also reports 5-year survival, toxicity 

and cancer-specific outcomes following SBRT boost treatment for oropharynx cancer 

(Chapters 6 and 7), as well as prognostic factors for severe late toxicity (Chapter 6). 

Together, these studies provide an improved understanding of prognostic factors and 

outcomes in lung and oropharynx SBRT which can be used to improve patient selection 

and in the case of oropharynx cancer, may allow for toxicity mitigating strategies in the 

future.  
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8.2 Optimizing patient selection  

 

Lung SBRT patient selection 

 

In the inoperable early stage lung cancer population, the benefits of SBRT for patients in 

poor general condition and with severe medical comorbidities are uncertain. It is likely 

that some patients do not benefit from SBRT due short survival time, and intense local 

treatment to the tumor does not translate into clinical benefit. However, the studies here 

suggest that patients should not be excluded from lung SBRT due to advanced age, 

comorbidities, or other factors (Chapter 3). Previous studies have shown no higher risk 

of toxicity in patients with advanced age or severe COPD [159, 276]. The number of 

patients that do not live long enough to benefit from SBRT is low; rates of early mortality 

(death within 6 months of RT) were 6% (Chapter 3), consistent with the one previous 

study on the topic which also reported a rate of 6% [16]. Rates of 1-year mortality were 

also low (15%; Chapter 3). These figures raise the question of whether patient selection 

for lung SBRT is currently too restrictive. Could additional patients who are perceived as 

too frail or burdened with comorbidity, potentially benefit from treatment? Further study 

investigating survival time in patients not referred or declined for SBRT would be 

informative. It is reassuring that fiducial marker placement via a transfemoral 

endovascular approach appears to be well-tolerated in this patient group, with very few 

severe complications (Chapter 5). The nomogram for overall survival (Chapter 4) 

provides an estimate for prognosis at an individual patient level and can aid in decision 

making for lung SBRT.     

 

For the present studies (Chapters 3-5), patient selection criteria for lung SBRT included 

recommendation for SBRT after discussion at multidisciplinary tumor board. All patients 

were deemed medically inoperable or had refused surgery. In general, patients with very 

poor performance status were not recommended to undergo SBRT (e.g. KPS ≤ 40 or 

ECOG 4, which signify a state of being bed-bound and incapable of self-care) and this is 

consistent with recent ESTRO ACROP consensus guidelines which recommend a 

minimum performance status of ECOG 3 [7]. Although it is possible that additional 
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patients could benefit from SBRT, this is likely not the case for ECOG 4/KPS ≤ 40 

patients, due to very poor prognosis and potential challenges with treatment delivery due 

to stringent immobilization requirements which may not be possible for such patients.  

 

The primary objective of Chapter 3 was met, and prognostic factors for early mortality 

were identified. Tumor size and Cumulative Illness Rating Scale (CIRS) were prognostic 

for death within 6 months of SBRT, a finding which has not been previously reported in 

the literature. However, a main limitation of Chapter 3 was that patients with a very low 

rate of 6-month survival could not be identified. Even patients in the most unfavorable 

prognostic category (tumor diameter greater than 3 cm and CIRS scores of 8 or higher) 

had 6-month survival of 70%, which is not sufficiently poor to consider forgoing curative-

intent treatment in favour of best supportive care alone. This limitation is partly 

attributable to the low total event number (only 36 deaths within 6 months of SBRT). 

Larger, potentially multi-center trials will be required. Investigation of additional factors 

which have shown promise in short-term prognostication in the setting of advanced 

malignancy, such as frailty index score [277], comprehensive geriatric assessment [278], 

and parameters such as C reactive protein and albumin levels [279], may allow for more 

accurate early mortality prediction in combination with CIRS and tumor size. 

 

Chapter 4 achieved the goal of generating a nomogram to predict overall survival 

following lung SBRT, and improves upon currently available prognostic tools for this 

population [174]. The nomogram performed particularly well for predicting 3-year overall 

survival, with excellent agreement between nomogram- and Kaplan-Meier-estimated 

survival on calibration plots. It demonstrated very similar discriminatory ability in both the 

original cohort, and in a validation cohort consisting of early stage lung cancer patients 

with centrally located tumors. A limitation of the nomogram however is that it could not 

reliably identify patients with very poor estimated survival. The nomogram generates a 

minimum 6-month survival estimate of 80%.  Additionally, the nomogram has moderate 

discriminatory ability with C-index 0.64, and improved discriminatory ability would be 

desirable. In the future, incorporating newly emerging prognostic factors such as 

presence of genomic alterations [280], circulating tumor DNA [281], or radiomic tumor 
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features [282] may allow for improved predicative ability. External validation in a 

geographically distinct population would also be valuable. 

 

Future studies: cost-saving alternatives to lung SBRT 

 

Alternative strategies may be investigated to mitigate the high cost and system strain of 

the application of SBRT to an increasing number of inoperable early stage lung cancer 

patients. With increasing implementation of lung cancer screening programs [283, 284], 

the incidence of early-stage lung cancer will continue to rise. Active surveillance may be 

a viable option for some patients, but factors associated with indolent tumors and low 

metastatic potential (e.g. small tumors with low percent solid component, 

adenocarcinoma spectrum lesions) will need further clarification [285]. Although SBRT 

may be cost-effective compared to conventionally fractionated radical radiotherapy for 

early stage lung cancer [286], it is more costly and time-intensive than palliative 

radiotherapy of simple field design (e.g. parallel opposed pair) due its requirement for 

advanced planning techniques, trained personnel, quality-assurance, and delivery 

technologies. Indeed, an alternative option to SBRT for some patients may be a short 

course of palliative radiotherapy. Whether this may provide sufficient tumor control to 

limit cancer-related morbidity and mortality for poor life expectancy patients could be 

evaluated, for example in patients with high CIRS score and large tumor diameter.  

 

Oropharynx SBRT patient selection: mitigating late toxicity 

 

In contrast to SBRT for peripheral early stage lung cancer, oropharynx SBRT has high 

potential for severe late toxicity and patient selection criteria hinge largely on toxicity 

considerations. Indeed, patients treated with IMRT followed by SBRT boost had an 

estimated cumulative incidence of grade ≥3 late toxicity of 28% at 5 years (Chapter 6). 

Previous studies, consisting of diverse SBRT regimens in diverse head and neck tumor 

sites, have reported variable rates of late toxicity, but many as high or higher than the 

present study [21-23].  
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Smoking at time of radiotherapy was the greatest risk factor at baseline for severe late 

toxicity (HR 2.9, p=0.001). In current smokers, cumulative incidence was 41%, 

compared to 14% in previous/never smokers. It is uncertain if smoking cessation prior to 

initiation of radiotherapy may sufficiently mitigate this risk. While there is plausible 

biological rationale [250], further study will be needed to verify this hypothesis and to 

determine the feasibility and efficacy of various smoking cessation programs in the head 

and neck cancer population [287]. Tooth extraction prior to RT was strongly associated 

with grade ≥3 osteoradionecrosis (HR 6.4, p < .01), despite a median interval of 18 days 

before the start of treatment. A more conservative approach to pre-RT tooth extraction 

may be required. Dose constraints for the mandible, as well as oropharyngeal wall (16% 

cumulative incidence of late mucosal ulcers/soft tissue necrosis) may also help mitigate 

late toxicity. 

 

Chapters 6 and 7 accomplish the objective of determining long-term survival and toxicity 

outcomes in a large cohort of oropharynx cancer patients following the SBRT boost 

regimen. Limitations include the  

the lack of dosimetric data for organs such as mandible and oropharyngeal wall. The 

regimen could potentially be made less toxic if reliable constraints for theses organs 

were established.  Due to great heterogeneity in head and neck SBRT studies in the 

literature in terms of dose-fractionation regimens, head and neck tumor subsites, and 

primary indication (re-irradiation versus primary treatment), dose constraints are 

currently unknown. A recent meta-analysis of studies on previously untreated head and 

neck cancers treated with SBRT found only 2 of 9 studies reported dose constraints 

[288].   

 

The most important limitation of Chapters 6 and 7, however, was the absence of p16 

status for many patients. The p16 immunostain is a marker for human papilloma virus 

(HPV)-related disease and is the single most important prognostic factor in oropharynx 

cancer, more heavily weighing AJCC staging than either T or N classification [289]. 

Because patients with HPV-related cancer have a significantly more favorable prognosis 

than those with HPV-negative disease and are generally younger and healthier [290], 
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long term toxicity is of particular concern. An area of intense research currently is the 

evaluation of treatment de-escalation strategies in patients with HPV-related disease in 

order to limit late toxicity [291]. Some strategies involve reduction of radiotherapy dose. 

Whether the SBRT boost regimen can be de-intensified in terms of radiotherapy dose in 

these favorable prognosis HPV-positive patients may be an area for future research.  

 

Weighing the SBRT boost regimen against conventional (chemo)radiotherapy  

 

The SBRT boost regimen has a number of advantages over conventionally fractionated 

(chemo)radiotherapy including shorter overall treatment time (5 weeks versus 7 weeks), 

higher treatment compliance (Chapter 6), and reduced dose to swallowing structures 

and possibly lower rates of permanent xerostomia [232]. Strategies to mitigate late 

toxicity are required, as detailed above. In weighting SBRT versus conventional 

treatment, complications and long-term toxicity (e.g. neck fibrosis) following neck 

dissection will need to be taken into account; planned neck dissection is required for 

node-positive patients with this regimen, whereas neck dissection is generally only 

performed as salvage for residual nodal disease following conventional treatment. 

Chapter 6 establishes the good 5-year cancer-specific and overall survival rates with the 

regimen of 85% and 67%, respectively. However, benefits over conventional 

(chemo)radiotherapy in terms of tumor control and survival remain yet to be proven, as 

the absence in our cohort of rates of HPV-related disease hampered comparison with 

studies on conventional RT outcomes in the literature. While the SBRT boost regimen 

provides biologically effective dose intensification, whether this translated into superior 

tumor control compared to conventional chemoradiotherapy cannot be determined 

without knowing relative rates of HPV-related cancer in respective study populations. 

The high rate of in-field locoregional control is promising (Chapter 7), but a matched pair 

analysis with patients receiving conventional chemoradiotherapy would yield valuable 

insight.  

 

8.3 Improving accuracy of tumor targeting  
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Due to the highly conformal dose delivery and sharp dose gradients outside of the 

target, SBRT is less forgiving to small errors in tumor delineation or variation in tumor 

position due to physiologic organ motion or set-up variability.  

 

Risk of out-of-field local failure following oropharynx SBRT  

 

While an excellent 5-year local control rate of 90% was attained following the SBRT 

boost regimen, the rate of out-of-field failure was higher than expected (Chapter 7). Out-

of-field local failure is rare following conventional (chemo)radiotherapy in oropharynx 

cancer, with typically 0 – 5% of local failures occurring outside of radiotherapy fields 

[254-257]. It was therefore a surprising finding that 24% of 17 local failures in the 

present study were out-of-field. This was potentially due to the submucosal pattern of 

disease spread in oropharyngeal cancers, which can make precise and accurate tumor 

delineation more challenging. The interobserver variability in tumor contouring in head 

and neck cancers is well described [259]. The larger PTV margins and less rapid dose 

fall-off with conventional radiotherapy can likely compensate to a degree for less precise 

and accurate tumor delineation. One previous study assessed patterns of failure with 

respect to radiotherapy fields in head and neck SBRT, but in the setting of recurrent 

disease. This study corroborates the present study, with many local failures on or near 

PTV borders rather than within the PTV [293].  

 

An additional point of consideration is that the CTV for the SBRT boost was sometimes 

(at the discretion of the treating physician) manually adjusted based on tumor response 

to the IMRT phase. This could potentially increase out-of-field failures as tumor 

regression at the microscopic level may not be concentric and may be difficult to 

determine from observed GTV response. However, only one of the 17 local out-of-field 

failures had the CTV adjusted between the IMRT and SBRT phases and was not likely a 

major contributor to local failures. Nevertheless, our institution has revisited this practice 

and has now implemented standardized CTV margins (1 cm for the IMRT phase and 0.5 

cm for the SBRT boost phase). 
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Reducing out-of-field failure may come about by improvements in imaging. Performing 

MRI scans in the radiotherapy position has been found to result in significant 

improvements in target definition and PTV dose coverage in oropharynx cancer [294]. 

Improvements in accuracy of GTV definition have been observed by incorporating both 

PET and MRI [295, 296].  

 

Improvements in tumor targeting in lung SBRT  

 

Tumor delineation in lung SBRT is less problematic due to distinct attenuation features 

of tumor versus lung parenchyma, and previous studies have shown low inter-observer 

variability in gross tumor volume contouring [297]. Improvements in tumor targeting may 

come about through advancements in image guidance and motion-management 

strategies.  

 

Recent consensus guidelines from ESTRO ACROP outline the minimum recommended 

requirements for lung SBRT planning and delivery (including 3D conformal treatment 

planning, respiration correlated 4D-CT imaging, ITV based motion management 

strategy, daily pre-treatment volumetric image-guidance) as well as recommendations 

for “best practice” (dynamic IMRT planning/VMAT, daily pre-treatment 4D volumetric 

image-guidance such as in-room 4D-CT or 4D-CBCT) [7]. Future advances in available 

technologies may allow for further improvements in tumor targeting and reducing dose to 

surrounding organs at risk (OARs). 

 

Real-time tumor motion monitoring is advantageous, as the commonly employed ITV 

approach may not fully capture tumor motion during treatment; both 4-dimensional CT 

and cone-beam CT may underestimate tumor motion during lung SBRT [298]. Indeed, 

there may be variability in breathing during treatment that is not captured at the time of 

the 4DCT [299]. Lung SBRT patients included in the present studies were treated with 

the CyberKnife Robotic Radiosurgery System (Accuray Inc, Sunnyvale, California) and 

the majority received treatment with real-time tumor tracking based on the tracking of 

fiducial markers placed in or around the tumor. Previously, there have been concerns 
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about complications with the standard method of transthoracic marker placement [207, 

208]. Chapter 5 provides a detailed analysis of complications following a novel method 

of endovascular fiducial placement and shows the method to be highly safe with high 

rates of procedural success. Prior to this, only preliminary results had been published 

from our center [210] and only two other reports existed, based on 14 and 15 patients, 

respectively [211, 205]. Adoption of this method of marker placement may encourage 

treatment with real-time tumor tracking using fiducials.  

 

The emerging technology of MRI-guided radiotherapy is a second method for real-time 

tumor motion monitoring [300] and is reviewed in Chapter 1. This technique allows for 

direct tumor visualization during treatment and can facilitate online adaptive radiotherapy 

for lung SBRT. During gated radiotherapy using breath-hold mode, the system can 

automatically shut-off radiation delivery when the target is outside pre-specified safety 

margins [69]. 

 

Improvements in image guidance/motion-management may lead to more accurate dose 

delivery, improvements in local control, reduced toxicity for central tumors and more 

reliable dose constraints (Chapter 1). Greater confidence in SBRT accuracy will likely 

facilitate adoption of single-fraction lung SBRT regimens, which have previously shown 

similar outcomes to multi-fraction SBRT regimens [301] but have not been widely 

adopted due to concerns about accuracy of SBRT delivery.  

 

8.4 Prognostic factors following SBRT 

 

Further advances in lung and oropharynx SBRT may come about through gaining an 

improved understating of prognostic factors. The studies here identified prognostic 

factors for overall survival following lung SBRT, including age, sex, performance status, 

tumor diameter, operability, and Charlson Comorbidity Index (CCI), and in Chapter 4, 

these six factors were incorporated into a nomogram. For oropharynx SBRT patients, 

performance status, CCI, and smoking pack years were prognostic for survival (Chapter 

6). 
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In both lung and oropharynx SBRT, performance status and comorbidity (CCI) emerged 

as common factors prognostic for overall survival. Performance status is a well-known 

global predictor of survival in oncology and provides an overall picture of a patient’s level 

of function with respect to physical activities and self-care. Its prognostic value for lung 

and oropharynx SBRT was therefore not a surprising finding, and consistent with the 

lung cancer [174] and oropharynx cancer [268] literature. In the lung SBRT population, 

death from non-cancer causes commonly exceeds cancer-related mortality [156] and 

comorbidity was an expected prognostic factor for overall survival. Comorbidity also 

plays a role in oropharynx cancer prognosis, both in HPV-related and non-HPV-related 

disease [302]. 

 

As SBRT and the field of radiotherapy in general continue to advance in the form of 

incremental improvements in imaging and treatment delivery technologies (Chapter 1), it 

will be critical to keep in mind that overall health status of the patient -- performance 

status and comorbidity -- remain important determinants of outcome.  While advanced 

technologies may generate small improvements in accuracy and dosimetry, it is not 

certain whether these will translate into clinically relevant improvements in treatment 

outcomes for all patients.    

 

Future developments in lung SBRT and the importance of prognostic factors  

 

Improved understanding of prognostic factors will be important for the future of lung 

SBRT.  

A current major controversy in thoracic oncology is the comparison of lung SBRT versus 

surgery for operable patients (Chapter 1). Attempted randomized trials to date have 

failed due to poor accrual and we will likely need to rely on retrospective cohort studies 

comparing surgical and SBRT patients with propensity score matching and matched pair 

analyses, which rely on baseline patient and tumor prognostic factors. The identification 

of prognostic factors for short-term mortality may be particularly useful. The one study 

consisting of prospective data published to date (pooled results of two randomized trials 
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which closed due to insufficient accrual) found higher survival following SBRT than 

lobectomy, despite similar recurrence-free survival and disease control [37].  Critics 

speculate that patients at higher mortality risk were randomized by chance to the 

surgery group, with an imbalance of baseline patient/tumor characteristics [303]. 

Improved understanding of short-term prognostic factors can help with interpretation of 

such comparisons in the future, so that any differences in baseline characteristics can 

be identified. The finding in Chapter 3 that CIRS was better predictive of early mortality 

than the more commonly used CCI provides a stepping stone towards more accurate 

short-term prognostication.  

 

A second avenue of further investigation includes strategies to reduce disease 

recurrence following lung SBRT. Rates of 5-year locoregional and distant failures remain 

in the order of approximately 20-30% and 20%, respectively (Chapter 1), and trials 

investigating adjuvant immunotherapy are underway [304]. Likely only a subset of 

patients will benefit from adjuvant treatment, and identifying prognostic factors for 

disease recurrence will allow for appropriate patient selection for adjuvant treatment. 

Tumor radiomic features [282] and levels of circulating tumor DNA [281] are showing 

promise in this regard. It will be important to identify patients at risk of disease 

recurrence but with low risk of competing mortality. Future work may look at developing 

nomograms to predict cancer recurrence. The absence of data on disease recurrence 

and cause of death was a limitation of the present studies.   

 

Finally, further understanding of prognostic factors will be essential to define the 

emerging role of SBRT for the treatment of oligometastases. Recent randomized phase 

II trials have reported improvements in progression-free survival [305, 306] and overall 

survival [305] with SBRT to all sites of disease in NSCLC patients with limited (3 or 

fewer [305] or 5 or fewer [306]) metastatic foci after induction systemic therapy, 

compared to systemic therapy or observation alone. A third randomized phase II trial 

(SABR-COMET) similarly found an overall survival benefit with SBRT in a variety of 

primary cancers with up to 5 metastatic lesions [307]. Confirmatory phase III trials, 

however, are needed before definitive conclusions can be drawn. These are currently 
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underway, including the NRG-LU002 trial (NCT03137771) and SABR-COMET-3 

(NCT03862911). In the meantime, much uncertainty exists regarding appropriate patient 

selection. Because oligometastatic cancers may show an indolent course even without 

aggressive local treatment such as SBRT, it can be difficult to ascertain if favorable 

outcomes are due to aggressive local treatment or disease biology [79]. It will be 

essential to identify which patients with oligometastatic cancers benefit from SBRT, in 

terms of disease features (e.g. number and size of lesions, primary tumor histology) as 

well as patient-related prognostic factors. Similarly, prognostic factors for toxicity will be 

needed; while the above trials in NSCLC reported no severe toxicities in the SBRT 

groups [305, 306], a provocative finding in SABR-COMET was that three (5%) of 66 

patients in the SABR group experienced treatment-related death [307].   

 

8.5 Conclusion  

 

For peripheral early stage NSCLC, SBRT should be offered to patients regardless of age 

and comorbidity. Very few patients die within with first 6 months following SBRT. This is 

important knowledge, as a large proportion of patients are elderly and have severe 

comorbidities; exclusion of these patients would represent unnecessary withholding of 

potentially curative treatment for a large number of individuals.  

Comorbidity as measured by CIRS and tumor size are prognostic for death within 6 

months of SBRT, and this finding will be important for subsequent study to identify 

patients at high risk of early mortality who could benefit from less aggressive treatment 

approaches. The nomogram here can also assist in prognostication and generates 

survival prediction at an individual patient level. In this way, these studies provide an 

improved understanding of prognosis which can help patients and clinicians with 

treatment decision making. 

 

The SBRT boost regimen for the treatment of oropharynx cancer is a promising regimen 

with good long-term survival outcomes. While rates of late toxicity are high, the 

identification of risk factors for toxicity may allow for toxicity mitigation strategies in the 

future. The rate of HPV-related disease will require further study in order to facilitate 

http://clinicaltrials.gov/show/NCT03137771
http://clinicaltrials.gov/show/NCT03862911


141 

 

comparison with conventional chemoradiotherapy. While rates of local control were 

excellent overall, the rate of out-of-field local failures was higher than anticipated and 

highlights the need for caution when applying SBRT to diverse anatomical regions due 

to potentially higher rates of marginal miss.  

 

Together, these studies provide an improved understanding of prognostic factors for 

lung and oropharynx SBRT and will allow for further improvements in treatment and 

patient selection in the future.  
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Summary  

 

The aim of this thesis was to establish prognostic factors in lung and oropharynx SBRT, 

which can be used to optimize treatment and patient selection.  

 

An overview of SBRT for early stage lung cancer is provided in Chapter 2. Key themes 

are discussed including strategies to reduce rates of locoregional and distant failure, the 

potential role for advanced technologies such as MRI-guidance and proton beam 

therapy, and ongoing studies evaluating SBRT for operable patients. 

 

In Chapter 3, tumor size and comorbidity, as measured with the Cumulative Illness 

Rating Scale (CIRS), were found to be prognostic for early mortality (death within 6 

months of SBRT) in a large population of non-small cell lung cancer patients with 

peripheral tumors treated with SBRT. Chapter 3 also examines the question of optimal 

comorbidity index in this setting. The Charlson Comorbidity Index (CCI) is currently the 

most frequently used metric for comorbidity in lung cancer patients. CIRS however, and 

not CCI, was predictive for early mortality. This is important information for clinicians and 

researchers, and provides a stepping stone towards more accurate short-term 

prognostication. 

 

Chapter 4 further builds upon prognostication in the early stage lung cancer population. 

A nomogram is provided, based on six prognostic factors: age, sex, Karnofsky 

Performance Status, tumor diameter, operability, and Charlson Comorbidity Index 

(which was found to be more predictive of longer-term survival than CIRS). The 

nomogram was externally validated in a separate cohort of lung cancer patients treated 

with SBRT. This prognostication tool can be used to generate survival predictions for a 

given patient at specific time points.  It improves upon currently available prognostication 

tools for this patient population [2], with predictive ability (C-index) of 0.64.  
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In Chapter 5, the endovascular technique of fiducial marker placement for lung SBRT 

was found to have very low rates of clinically relevant complications. The standard 

method of percutaneous transthoracic marker placement was associated with a high 

rate of pneumothorax (10 of the 30 patients receiving transthoracic fiducial markers). 

Conversely, moderate to severe complications were minimal among 416 patients 

receiving 1,335 endovascular fiducial coils (one patient developed grade 2 hemoptysis 

requiring procedure discontinuation and one patient developed grade 3 cardiac 

arrhythmia). This study confirms the safety and high procedural success rate in a large 

patient population.  

 

Chapter 6 provides long-term outcomes and prognostic factors following SBRT boost for 

oropharynx cancer. Rates of 5-year disease-specific survival and overall survival were 

85% and 67%, respectively, similar to those following conventional chemoradiotherapy. 

The regimen was well tolerated. All patients completed treatment and only two required 

short treatment breaks, compared to the typically 10-20% requiring treatment breaks 

with conventional 70 Gy regimens. Rates of severe late toxicity, however, were high. 

Among 195 patients, 16% developed mucosal ulcers/soft tissue necrosis and 9% 

developed osteoradionecrosis.  The cumulative incidence of severe late toxicity in 

current smokers was 41%, compared to 14% in nonsmokers. The Charlson Comorbidity 

Index score was a significant predictor of severe late toxicity. Patients with HPV-related 

disease experienced less grade ≥3 toxicity (5 year 15%). Tooth extraction prior to RT 

was strongly associated with osteoradionecrosis, despite a median interval of 18 days 

before the start of treatment.  

 

Chapter 7 examined rates of in-field, marginal and out-of-field locoregional recurrence 

following SBRT boost for oropharynx cancer.  Overall and in-field tumor control were 

excellent with 5-year local and regional control rates of 90% and 93%, respectively, 

likely due to the biologically effective dose intensification accomplished with the 

accelerated schedule (treatment completed in 5 weeks rather than the 7 weeks with 

conventional RT).  However, among local recurrences, 24% were out-of-field, 

significantly higher than 0%-5% in the literature for conventional regimens [7-9].  
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In Chapter 8, key results of the studies of this thesis are summarised and limitations are 

explored. Ongoing developments in the field and areas for future research are 

discussed.    
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Samenvatting 

 

Het doel van dit proefschrift was om prognostische factoren voor een succesvolle 

behandeling in long- en orofarynx SBRT vast te stellen, die kunnen worden gebruikt om 

de behandeling en patiëntenselectie te optimaliseren.  

 

Een overzicht van SBRT voor longkanker in een vroeg stadium is opgenomen in 

hoofdstuk 2. Belangrijke thema's worden besproken, waaronder strategieën om het 

aantal locoregionale recidieven en afstandsmetastases te verminderen, de potentiële rol 

voor geavanceerde technologieën zoals MRI-begeleiding en protonenentherapie, en 

lopende studies die SBRT evalueren voor opereerbare patiënten. 

 

In hoofdstuk 3 bleken tumorgrootte en comorbiditeit, gemeten met de Cumulative 

Illness Rating Scale (CIRS), prognostisch te zijn voor vroege mortaliteit (sterfte binnen 6 

maanden na SBRT) bij een grote populatie niet-kleincellige longkankerpatiënten met 

perifere tumoren die met SBRT werden behandeld. Hoofdstuk 3 behandelt ook de 

kwestie van de optimale comorbiditeitsindex in deze setting. De Charlson Comorbidity 

Index (CCI) is momenteel de meest gebruikte maat voor comorbiditeit bij 

longkankerpatiënten. CIRS, en niet CCI, was echter het sterkst voorspellend voor 

vroege mortaliteit. Dit is belangrijke informatie voor clinici en onderzoekers en biedt een 

opstap naar een nauwkeurigere kortetermijnprognose. 

 

Hoofdstuk 4 bouwt verder op de prognose in  de populatie van longkanker in een vroeg 

stadium. Er wordt een nomogram voorgesteld, gebaseerd op zes prognostische 

factoren: leeftijd, geslacht, Karnofsky Performance Status, tumordiameter, 

operabelbaarheid en Charlson Comorbidity Index (die meer voorspellend bleek te zijn 

voor overleving op langere termijn dan CIRS).  Het nomogram werd extern gevalideerd 

in een onafhankelijk cohort van longkankerpatiënten die met SBRT werden behandeld. 

Deze prognosetool kan worden gebruikt om overlevingsvoorspellingen voor een 
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bepaalde patiënt op specifieke tijdstippen te genereren.   Het  verbetert de momenteel 

beschikbare prognosetools voor deze patiëntenpopulatie [2],  met  een voorspellend 

vermogen (C-index) van 0,64. 

 

In hoofdstuk 5 bleek de endovasculaire techniek van fiducial markerplaatsing  voor long 

SBRT  een zeer laag percentage klinisch relevante complicaties te hebben. De 

standaardmethode voor de plaatsing van percutane transthoraïsche  markers werd 

geassocieerd met een hoog percentage waarbij pneumothorax optrad  (10 van de 30 

patiënten die transthoraracische fiduciale markers kregen). Omgekeerd waren matige tot 

ernstige complicaties minimaal bij 416 patiënten die 1.335 endovasculaire fiduciale 

spoelen kregen (één patiënt ontwikkelde graad 2 hemoptysis die stopzetting van de 

procedure vereiste en één patiënt ontwikkelde graad 3 hartritmestoornissen). Deze 

studie bevestigt de veiligheid en het hoge procedurele slagingspercentage in een grote 

patiëntenpopulatie.  

 

Hoofdstuk 6 biedt  langetermijnresultaten en prognostische factoren na een SBRT-

boost voor orofarynxkanker. De percentages van 5-jaars ziektespecifieke overleving en 

totale overleving waren respectievelijk 85% en 67%,  vergelijkbaar met die na 

conventionele chemoradiotherapie. Het  regime werd  goed  verdragen. Alle patiënten 

voltooiden de behandeling en slechts twee vereisten korte behandelingspauzes, 

vergeleken met de meestal 10-20% die behandelingspauzes nodig hadden met 

conventionele 70 Gy-regimes. De percentages van ernstige late toxiciteit graad ≥3 

waren echter relatief hoog. Van de 195 patiënten ontwikkelde 16% mucosale 

ulcera/weke delen necrose en 9% osteoradionecrose.  De cumulatieve incidentie van 

ernstige late toxiciteit bij huidige rokers was 41%, vergeleken met 14% bij niet-rokers. 

De Charlson Comorbidity Index score was een belangrijke voorspeller van ernstige late 

toxiciteit. Patiënten met HPV-gerelateerde ziekte ondervonden minder graad ≥3 toxiciteit 

(5 jaar 15%). Tandextractie voorafgaand aan RT werd sterk geassocieerd met 

osteoradionecrose, ondanks een mediaan interval van 18 dagen voor het begin van de 

behandeling.  
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Hoofdstuk 7 onderzocht de percentages locoregionale recidieven in het 

radiotherapieveld, marginaal en buiten het veld na SBRT-boost voor orofarynxkanker.  

Over het algemeen was de in-field tumorcontrole uitstekend met 5-jaars lokale en 

regionale controlepercentages van respectievelijk 90% en 93%, waarschijnlijk als gevolg 

van de biologisch effectieve dosisintensivering die werd bereikt met het versnelde 

schema (behandeling voltooid in 5 weken in plaats van de 7 weken met conventionele 

RT).  Onder lokale recidieven was echter 24% buiten het veld, wat significant hoger is 

dan de 0%-5% out-of-field recidieven beschreven in de literatuur voor conventionele 

regimes [7-9].  

 

In hoofdstuk 8 worden de belangrijkste resultaten van de studies van dit proefschrift 

samengevat en worden beperkingen onderzocht. Lopende ontwikkelingen in het veld en 

gebieden voor toekomstig onderzoek worden besproken.    
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