
6 
 

Aus der Klinik für Radioonkologie und Strahlentherapie der Medizinischen Fakultät 

Charité – Universitätsmedizin Berlin 

 

DISSERTATION 

 

Efficacy and Safety of Single Fraction Radiosurgery versus Fractionated Stereotactic 

Body Radiotherapy for Patients with Oligometastases and Primary Renal Cell 

Carcinoma 

 

 

zur Erlangung des akademischen Grades  

Doctor medicinae (Dr. med.) 

 

 

 

vorgelegt der Medizinischen Fakultät  

Charité – Universitätsmedizin Berlin 

 

 

von  

 

 

 

Goda Kalinauskaitė 

aus Vilnius 

 

 

 

 

 

Datum der Promotion: 03.12.2021 

 

 



1 
 

Table of Contents 

1. Abstract (English) ......................................................................................................................... 2 

2. Abstrakt (Deutsch) ........................................................................................................................ 3 

3. Introduction ................................................................................................................................... 5 

3.1 Indications for SBRT ............................................................................................................. 5 

3.2 Prognostic factors in OMD .................................................................................................... 7 

4. Materials and methods .................................................................................................................. 8 

4.1 Inclusion criteria .................................................................................................................... 8 

4.2 Treatment planning and delivery ........................................................................................... 9 

4.3 Follow-up............................................................................................................................... 9 

4.4 Endpoints ............................................................................................................................... 9 

4.5 Statistics ............................................................................................................................... 10 

5. Results ......................................................................................................................................... 10 

5.1 Baseline patient and tumor characteristics .......................................................................... 10 

5.2 Survival outcomes ............................................................................................................... 12 

5.3 Local control rates and toxicity after SFRS and fSBRT ..................................................... 13 

5.4 Prognostic factors for patients with oligometastases ........................................................... 16 

6. Discussion ................................................................................................................................... 16 

7. References ................................................................................................................................... 21 

8. Statutory Declaration .................................................................................................................. 25 

9. Detailed declaration of own contribution ................................................................................... 26 

10.  Printed copies of selected publications ....................................................................................... 29 

11.  Curriculum Vitae ......................................................................................................................... 66 

12.  List of publications ...................................................................................................................... 68 

13.  Acknowledgments ........................................................................................................................ 70 

 

 

 

 

 



2 
 

1. Abstract (English) 

Objectives: Stereotactic body radiotherapy (SBRT) is increasingly used to treat oligometastatic 

disease (OMD) or various primary tumors in inoperable patients. SBRT delivered in one fraction is 

called single fraction radiosurgery (SFRS) and has attracted attention owing to its shortest possible 

treatment time. However, there are no recommendations for the use of SFRS vs. fractionated SBRT 

(fSBRT). This thesis investigated whether SFRS is comparable to fSBRT regarding efficacy and 

safety when treating either oligometastatic prostate cancer (OPCA) or lung metastases (LM) from 

various solid tumors and renal cell carcinoma (RCC) in inoperable patients who are at risk of end-

stage renal disease. Moreover, I analyzed whether SBRT can delay the start of androgen deprivation 

therapy (ADT) in OPCA patients and looked for prognostic factors for survival in OMD.   

Methods: Data from 112 patients, among whom 181 lesions had been treated between 2012 and 2017, 

were analyzed. The primary endpoints were local control (LC), progression-free survival (PFS), 

overall survival (OS), and ADT-free survival (ADT-FS). 

Results: Fifty, 52, and 10 patients with OPCA, LM, and RCC, respectively, were included. Sixty 

(80%), 45 (47.9%), and eight (62%) lesions in patients with OPCA, LM, and RCC, respectively, were 

treated with SFRS. The 2-year LC rates after SFRS vs. fSBRT did not differ significantly in patients 

with OPCA (96% vs. 100%) and RCC (100% vs. 80%). LM treated with SFRS achieved better 2-year 

LC rates than those after fSBRT (83% vs. 59%, p=0.026). However, LM treated with SFRS were 

significantly smaller in size (p<0.001). SFRS was well tolerated, with no treatment-related acute or 

late toxicity of grade ≥3. There was no significant change in the glomerular filtration rate in patients 

with RCC before SBRT (mean 51.3±19.7 mL/min) and 22 months later (mean 51.6±25.8 mL/min). 

ADT was initiated in 14 (28%) of the 35 ADT-naïve patients. Median ADT-FS was not reached after 

a median follow-up of 34 months. Longer distant metastasis-free interval (DMFI) to the first 

metastasis was associated with improved PFS in OPCA patients (DMFI>36 months, HR 0.5, 95% CI: 

0.3–0.8, p=0.01) and OS in patients with LM (DMFI ≥12 months, HR 0.2, 95% CI: 0.1–0.7, p=0.01).  

Conclusions: SFRS is a safe and efficient treatment option for select patients with OMD and 

inoperable RCC. LC and toxicity after SFRS were comparable to those after fSBRT. Moreover, in 

patients with OPCA, SBRT can postpone palliative ADT for some time. Prolonged DMFI is a positive 

prognostic factor in OMD.  
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2. Abstrakt (Deutsch) 

Fragestellung: Stereotaktische Körper-Radiotherapie (SBRT) wird zunehmend zur Behandlung der 

oligometastasierten Erkrankung (OMD) und bei inoperablen Patienten mit unterschiedlichen 

Primärtumoren eingesetzt. SBRT, die in einer Fraktion verabreicht wird, bezeichnet man als Einzeit-

Radiochirurgie (SFRS), und diese ist aufgrund der kürzest möglichen Behandlungszeit besonders 

attraktiv. Aktuell existieren keine Empfehlungen, wann die SFRS gegenüber der fraktionierten SBRT 

(fSBRT) zu bevorzugen ist. Meine Doktorarbeit untersucht, ob die SFRS mit der fSBRT in Bezug auf 

Wirksamkeit und Sicherheit bei der Behandlung von oligometastasierten Patienten mit 

Prostatakarzinom (OPCA) oder Lungenmetastasen (LM) von soliden Tumoren und inoperablen 

Patienten mit Nierenzellkarzinom (RCC) mit dem Risiko für eine terminale Niereninsuffizienz 

vergleichbar ist. Weitere Fragen waren, ob SBRT den Beginn einer Androgendeprivationstherapie 

(ADT) bei Patienten mit OPCA verzögern kann und welche prognostischen Faktoren Einfluss auf das 

Überleben von Patienten mit OMD haben könnten.   

Methoden: Es wurden die Daten von 112 Patienten mit insgesamt 181 Läsionen analysiert, die 

zwischen 2012 und 2017 eine SFRS und fSBRT erhielten. Die primären Endpunkte waren lokale 

Kontrolle (LC), progressionsfreies Überleben (PFS) und Gesamtüberleben (OS) sowie das ADT-freie 

Überleben (ADT-FS). 

Ergebnisse: Fünfzig, 52 und 10 Patienten hatten OPCA, LM bzw. RCC. Sechzig (80%), 45 (47,9%) 

und 8 (62%) Läsionen bei Patienten mit OPCA, LM und RCC wurden mit SFRS behandelt. Die 2-

Jahres-LC-Raten nach SFRS vs. fSBRT waren bei Patienten mit OPCA (96% vs.100%) und mit RCC 

(100% vs.80%) nicht signifikant unterschiedlich. Mit SFRS behandelte LM erreichten bessere LC-

Raten nach 2 Jahren im Vergleich zu fSBRT (83% vs. 59%, p=0,026). Allerdings waren die mit SFRS 

behandelten LM signifikant kleiner (p<0.001). Es gab keine akute Toxizität oder Spätnebenwirkungen 

von Grad ≥3. Bei RCC-Patienten war die glomeruläre Filtrationsrate prä-SBRT (Mittelwert 51,3±19,7 

ml/min) zu 22 Monate posttherapeutisch (Mittelwert 51,6±25,8 ml/min) nicht signifikant 

unterschiedlich. ADT-Einleitung war bei 14 (28%) von 35 ADT-naiven Patienten erfolgt. Das 

mediane ADT-FS war auch nach 34 Monaten Nachbeobachtungszeit (im Median) noch nicht erreicht. 

Ein längeres metastasenfreies Intervall (DMFI) bis zur ersten Metastase verbesserte signifikant das 
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PFS bei OPCA-Patienten (DMFI>36 Monate, HR 0,5; 95% CI: 0,3-0,8, p=0,01) und das OS bei LM-

Patienten (DMFI ≥12 Monate, HR 0,2; 95% CI: 0,1-0,7, p=0,01). 

Schlussfolgerungen: Die SBRT ist eine sichere und effiziente Behandlungsoption für selektionierte 

Patienten mit OMD oder mit inoperablen RCC. Die LC und Toxizität nach SFRS waren mit der 

fSBRT vergleichbar. Zusätzlich kann die SBRT bei OPCA-Patienten zur Verzögerung einer 

palliativen ADT führen. Bei Patienten mit OMD ist ein längeres DMFI ein positiver prognostischer 

Faktor für ein verlängertes Überleben. 
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3. Introduction 

Stereotactic body radiotherapy (SBRT) is high-precision external beam radiotherapy for the treatment 

of extracranial tumors and delivers a high dose of radiation in up to 12 fractions (1). SBRT is a 

potential curative treatment modality in patients with oligometastatic disease (OMD) (2, 3) and 

various primary tumors (4, 5). In addition to being minimally invasive, SBRT delivers ablative doses 

in only a few fractions (fractionated SBRT [fSBRT]) with excellent local control (LC) rates and 

minimal toxicity (6, 7). SBRT applied in only one fraction is known as single-fraction radiosurgery 

(SFRS) and is particularly attractive due to a single treatment session resulting in improved patient 

compliance, reduced need for healthcare resources, and elimination of interfraction immobilization 

uncertainty. Additionally, SFRS reduces patient–health care worker interaction; therefore, it could be 

used as a treatment of choice in circumstances such as coronavirus pandemics. Data on extracranial 

SFRS for oligometastases and primary tumors are limited, and there are no recommendations on when 

to use SFRS vs. fSBRT. The need for effective local oncological therapy applied for the shortest 

possible time in the outpatient setting for this vulnerable patient population currently requires a shift 

in favor of SFRS. 

3.1 Indications for SBRT 

3.1.1 Oligometastatic disease 

OMD is a condition in which long-term disease-free survival or even a cure can be achieved despite 

tumor cell dissemination to distant organs. A certain combination of favorable clinical factors of the 

tumor determines a less aggressive course of the disease, resulting in only a limited number of 

metastases in one or a few organs. In contrast to extensively disseminated cancer, OMD can be 

successfully managed with local ablation rather than palliative systemic therapy alone. This paradigm-

changing concept was first introduced in 1995 by Hellman and Weichselbaum (8).  

The relevance of SBRT in the OMD setting was supported in four randomized phase II trials (9-12). 

The benefit of SBRT was translated into significantly prolonged progression-free survival (PFS) 

and/or overall survival (OS) compared with surveillance. 
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3.1.2 Oligometastatic prostate cancer (OPCA) 

In advanced prostate cancer (PCA), androgen deprivation therapy (ADT) is the treatment of choice as 

recommended by the European Association of Urology and National Comprehensive Cancer Network 

(13, 14). In daily practice, however, the use of ADT is limited by the broad spectrum of side effects 

(sexual dysfunction, reduced bone mineral density, hot flashes), which severely impair patients’ 

quality of life (15). Additionally, ADT is a palliative treatment option because most patients 

undergoing treatment will develop hormone-refractory PCA. Metastasis-directed therapy (MDT) in 

patients with OPCA is of particular interest, as it may delay the onset or escalation of ADT (9, 10). 

The development of highly specific diagnostic imaging such as Gallium-68-labeled PSMA-PET 

computed tomography (PSMA-PET/CT) has enabled the detection of very early metastatic disease 

with lesions as small as 5 mm in diameter (16). This analysis examined the LC rates after PSMA-

PET/CT guided SFRS vs. fSBRT for patients with OPCA. Additionally, I investigated whether 

PSMA-PET/CT-guided SBRT could delay the initiation or escalation of ADT in patients with OPCA, 

thus preventing undesirable side effects and sparing palliative treatment in case of further progression 

(17). 

3.1.3 Lung (oligo)metastases (LM) 

Lungs are common sites of distant metastases among various solid tumors (18). Surgical resection of 

LM remains the standard treatment for most patients. However, the emerging use of SBRT, 

particularly in older patients, often considered as poor candidates for surgery due to comorbidities, 

revealed good LC rates comparable to those after surgery (10, 19). To the best of my knowledge, no 

randomized trials have compared these two treatment approaches. Although no standard SBRT 

schedules exist, a biologically effective dose (BED) of >100 Gy has been shown to improve LC rates 

(6). A further objective of this study was to compare LC rates and toxicities after SFRS vs. fSBRT in 

LM from different primary tumors (20). 

3.1.4 Renal cell carcinoma (RCC) 

The standard therapeutic approach for non-metastatic stage I, II, and III RCC is surgery. The extent 

of surgical treatment depends on the disease stage, patient age, and comorbidities. For patients who 

are poor surgical candidates, minimally invasive therapies such as radiofrequency ablation or 

cryoablation may be used. However, this treatment approach is mostly limited to tumors < 4 cm in 
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diameter and located distantly from the hilum or central collecting system (21). Owing to its low α/β 

ratio, RCC is considered a radioresistant tumor when treated with conventional radiotherapy five times 

a week for several weeks (22). Nevertheless, the use of high-dose radiotherapy administered in only 

a few fractions has been shown to overcome the inherent radioresistance of RCC, resulting in 

acceptable LC (23). Although the analysis of SBRT efficacy in the treatment of RCC is mostly limited 

to retrospective and phase I studies, current evidence shows excellent LC and low toxicity rates (24). 

This study evaluated the efficacy and safety of SFRS vs. fSBRT in RCC in inoperable patients who 

are at risk of end-stage renal disease (25). 

3.2 Prognostic factors in OMD 

Although the number of studies investigating the use of metastasis-directed therapy in OMD is 

growing rapidly, there is still lack of a consistent clinical definition for identifying patients who will 

benefit from aggressive local therapies. For instance, the number of metastases in the presence of 

OMD in most studies varied between 3 and 5 (9, 12). Consequently, treatment outcomes across trials 

are inconsistent and difficult to compare. Considering this issue, I aimed to identify prognostic clinical 

factors in patients with LM and OPCA treated with SBRT.  

A growing body of evidence suggests that clinical criteria alone may not be sufficient to specify a true 

OMD and should be complemented by the use of biomarkers (10, 26, 27). However, valid biomarkers 

for routine diagnostics in oligometastatic settings have not yet been established. Liquid biopsy as a 

source of potential biomarkers, such as cell-free circulating tumor DNA and RNA, is particularly 

attractive, as it can be collected non-invasively. Moreover, it is a cost-efficient procedure that may 

replace biopsies of solid tumors or bone marrow in the future. The last goal of this study was to 

establish a biobank of liquid biopsies based on blood samples from patients with OMD for future 

assessment of prognostic biomarkers.  

 

In this doctoral thesis, I compared outcomes and toxicities after single-dose and fractionated 

approaches using a Cyberknife/high-precision stereotactic linear accelerator for patients with cancer. 

To this end, the data of patients with OMD and RCC treated with SFRS and fSRBT to assess the 

advantages and disadvantages of these different techniques in terms of survival, LC, and toxicity were 

analyzed. Additionally, I investigated whether SBRT for all metastases detected with PSMA-PET/CT 
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can delay the initiation and escalation of ADT in OPCA. I also searched for prognostic factors that 

predicted better outcomes after SBRT in OMD.  

4. Materials and methods 

The present study consisted of two parts: 

1) Retrospective data collection and analysis of patients treated with SBRT between January 2010 and 

December 2016 at the Department of Radiation Oncology, Charité - Universitätsmedizin Berlin for 

either OPCA or LM from any primary, or for patients with inoperable primary or recurrent (p/r)RCC 

with an increased risk of developing end-stage renal disease (17, 20, 25). Data on patient 

demographics, treatment and tumor characteristics, treatment outcomes, and survival data were 

collected. 

2) Prospective collection and processing of liquid biopsies of patients with OMD from various primary 

tumors treated with SBRT between June 1, 2016 and May 31, 2017, at the Department of Radiation 

Oncology, Charité - Universitätsmedizin Berlin. Ethical approval was received from the Institutional 

Medical Ethics Committee of Charité-Universitätsmedizin Berlin (EA1/214/16 and EA1/233/18).  

Analysis of prognostic factors for OMD after collecting blood samples from 40 eligible patients is in 

progress. In this thesis, the results of retrospective data analysis are presented. 

4.1 Inclusion criteria 

The cohort with OPCA: PSMA-PET/CT-based SBRT for a maximum of five active metastatic 

lesions in patients with de novo or repeat OPCA (28); histologically confirmed PCA treated with local 

treatment with curative intent; hormone-sensitive and castration-resistant patients; no ADT or ADT 

initiated before SBRT.   

The cohort with LM: SBRT for all LM in patients with de novo or repeat OMD from various solid 

tumors (28); up to 5 LM. 

The cohort with p/rRCC: histologically confirmed p/r RCC; patients with an increased risk of end-

stage renal disease; patients not eligible for surgery or other radical local therapies; SBRT to the 

primary or recurrence in the (remaining-) kidney recommended by the Multidisciplinary Uro-

Oncology Board. 
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4.2 Treatment planning and delivery 

SBRT was performed using the robotic radiosurgery system CyberKnife (CK) (Accurray®, USA) 

and/or a high-precision dedicated stereotactic linear accelerator Novalis Tx™ (Varian, USA). The 

CyberKnife Synchrony® Respiratory Motion Tracking System was used for all RCC treatments in 

the kidney and some lung and lymph node metastases. Before motion-tracking SBRT, a gold fiducial 

(1.0 mm x 5.0 mm) was implanted into the target lesion under CT guidance and local anesthesia to 

ensure minimal treatment volumes and optimal organ at risk sparing by on-line tracking or gating. In 

patients with lesions of limited movement or with contraindications for fiducial insertion, alignment 

to the spine using XsightSpine® Tracking (Accuracy®, USA) or ExacTrac-based spinal alignment 

(BrainLab®, Germany) was used. For all patients, a thin-slice (1–3 mm) planning CT of the body 

region of interest was performed in the supine position. Diagnostic PSMA-PET/CT for all patients 

with OPCA and, if indicated, magnetic resonance imaging was co-registered for precise contouring 

of the target tumor lesion on all axial slices of the planning CT scan. Gross tumor volume (GTV) 

corresponded to the tumor visible on the planning CT and co-registered diagnostic imaging. The 

clinical target volume was set equal to the GTV in the majority of cases. For lesions with significant 

motion but without gold marker implantation, an internal target volume (ITV) was generated. 

Planning treatment volume (PTV) was defined as GTV or ITV with additional isotropic margins of 

3–7 mm depending on the tracking or gating method used for SBRT.  

Treatment dose and fractionation schedules were prescribed with regard to tumor entity, tumor 

location, and tumor size. If dose constraints for organs at risk were met when using SFRS, SFRS was 

preferred over fSBRT. 

4.3 Follow-up 

Patients with LM or p/rRCC underwent radiological imaging every 3 months for the first 2 years and 

every 6 months thereafter. In patients with OPCA, prostate-specific antigen (PSA) testing was 

routinely performed. A continuous increase in PSA levels triggered radiological imaging.  

4.4  Endpoints 

All survival endpoints were calculated from the date of the first or single fraction of SBRT and the 

date of the event or the last follow-up. For overall survival (OS), death due to any cause was calculated 

as an event. PFS was defined as any local or distant tumor recurrence or death from any cause. LC 
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was defined as the absence of tumor re-growth within the irradiated region or an increase in tumor 

volume outside the GTV. Furthermore, for patients with OPCA, the following endpoints were 

analyzed: treatment failure-free survival (TFFS), defined as initiation of any new tumor-targeted 

therapy (ADT, chemotherapy, surgery, SBRT) or death from any cause; ADT-free (ADT-FS) 

survival; and androgen deprivation therapy escalation-free survival (ADTE-FS). The initiation or 

escalation of ADT or death from any cause was counted as an event.  

4.5  Statistics 

Data processing and statistical analysis were performed using FileMaker Pro 15 Advanced, Excel 

2010, and IBM SPSS Statistics 24 (SPSS Inc., Chicago, IL, USA). Survival analyses were performed 

using the Kaplan-Meier method. The Cox proportional hazards model was used in univariate and 

multivariate analyses to calculate hazard ratios (HRs) with 95% confidence intervals (95% CI). 

Covariates with a p-value of ≤ 0.1, in the univariate analysis, were included in the multivariate 

analysis. The chi-square test was used to compare the variables. Statistical significance was set at p 

<0.05.  

5. Results 

5.1 Baseline patient and tumor characteristics 

A total of 112 patients met the inclusion criteria and were included in the analysis. Fifty, 52 and 10 

patients had OPCA, LM, and uni- or multifocal p/rRCC, respectively (17, 20, 25). Baseline patient 

and tumor characteristics are summarized in Table 1.  

 

Table 1. Patient and tumor characteristics  

 OPCA cohort 

N=50 

LM cohort 

N=52 

p/rRCC cohort 

N=10 

Age at tumor diagnosis, years  

 median  66  62  72 

 range 47–75 26–84 48–87 

Karnofsky performance index (%)  

 median  90  80  80 
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 range 80–100 60–100 70–80 

Sex, n (%)  

  female 0 (0) 20 (38.5) 5 (50) 

  male 50 (100) 32 (61.5) 5 (50) 

Distant metastasis-free interval (DMFI), months 

 median  37  19  – 

 range 1–199 0–37.9 – 

No. of lesions treated with SBRT  

 median  2  1  1 

 range 1–5 1–5 1–3 

No. of affected organs per patient at SBRT (%)  

 1 48 (96) 35 (67.3) – 

 2 2 (4) 11 (21.2)  – 

 3 0  5 (9.6) – 

 4 0 1 (1.92) – 

Abbreviations: OPCA oligometastatic prostate cancer, LM lung oligometastases, p/rRCC primary/recurrent renal cell 

carcinoma, SBRT stereotactic body radiotherapy (17, 20, 25). 

 

5.1.1 Cohort with OPCA 

All patients with OPCA were staged with PSMA-PET/CT before SBRT. Based on the D’Amico risk 

classification (29), 41 (82%), three (6%), and four (8%) patients were classified as having high, 

intermediate, and low risk, respectively. In two (4%) cases, data on risk class were missing. In 31 

(62%) patients, the primary tumor was treated with radical prostatectomy (RP) followed by adjuvant 

or salvage radiotherapy. Unimodal treatment with RP or radiotherapy alone was used in 15 (30%) and 

four (8%) cases, respectively. The median PSA value at the initial diagnosis and before the SBRT for 

oligometastases was 9.8 ng/mL (range: 0.54–195) and 1.9 ng/mL (range: 0.16–59.8), respectively. At 

the time of SBRT, 35 (70%) patients were free from ADT, whereas 15 (30%) were undergoing ADT. 

In 25 (50%) and 24 (48%) patients, only lymph nodes or bones were affected. 
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5.1.2  Cohort with LM 

The most common primary tumor was colorectal cancer, which was diagnosed in 17 (32.7%) patients, 

followed by sarcoma in eight (15.4%), malignant melanoma in seven (13.5%), head and neck cancer 

in six (11.5%), RCC in five (9.6%), non-small cell lung cancer in three (5.8%), and other entities in 

six (11.5%) patients. Staging with FDG-PET/CT was performed in 11.5% of the cases. Forty-six 

(88.5%) patients received systemic therapy before the initiation of SBRT. Synchronous OMD was 

diagnosed in 12 patients (23.1%) with LM.  

5.1.3 Cohort with p/rRCC 

All patients had chronic kidney disease, which reached grade 3b in 40%, grade 2 in 30%, grade 3a in 

20%, and grade 4 in 10% patients. There were 70% patients with cT1a and 30% with cT3a tumors. 

Two patients were diagnosed with von Hippel-Lindau syndrome. The first-line treatment in half of 

the patients was nephrectomy. Partial ipsilateral resection was performed in four (40%) patients and 

partial contralateral resection of the kidney in three (30%) patients. Radiofrequency ablation was 

performed in two (20%) patients. The mean ± standard deviation (SD) serum creatinine level at the 

baseline was 1.4 ± 0.5 mg/dL (mean ± SD glomerular filtration rate [GFR] 51.3 ± 19.7 mL/min). 

5.2 Survival outcomes  

5.2.1 Cohort with OPCA 

The median follow-up time was 34 months (range 5–70 months) (17). The 1- and 2-year OS rates 

were 100% and 100% and 1- and 2-year PFS rates were 54% and 22%, respectively. Overall, four 

(8%) patients died. At the time of the last follow-up, only one patient (2%) was free from disease 

progression. The most common progression pattern was repeat OMD, observed in 32 (64%) patients, 

followed by polymetastatic diseases in six (12%) and biochemical progression in six patients (12%). 

Primary tumor recurrence occurred in three (6%) patients. 

The TFFS rates at 1 and 2 years were 55.2% and 23.4%, respectively. At the time of the first 

progression, the second course of SBRT was the treatment of choice in 24 (48%) patients with repeat 

OMD. ADT was initiated in 14 (28%) ADT-naïve patients and escalated in six (12%) patients with 

ongoing hormone therapy. The 1- and 2-year ADT-FS rates were 76.4% and 60.5% and 1- and 2-year 

ADTE-FS rates were 58.2% and 33.9%, respectively. Median ADT-FS was not reached, and median 

ADTE-FS was 27 months (95% CI: 8.8–45.1). 
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5.2.2 Cohort with LM 

With a median follow-up of 21 months (range: 3 – 68), the 1- and 2-year OS rates were 84% and 71%, 

respectively (20). A total of 21 (40.4%) patients died. Progression was observed in 42 (80.8%) patients 

with 1- and 2-year PFS rates of 26% and 15%, respectively.  

5.2.3 Cohort with p/rRCC 

The median follow-up period was 27 months (range: 15 – 54) (25). Two patients died after 15 and 16 

months of age due to disease progression. The 1- and 2-year OS rate were 100% and 80%. None of 

the patients required hemodialysis, and all patients remained stable for renal function at the time of 

the last follow-up. The mean ± SD serum creatinine level at the last follow-up was 1.5 ± 0.8 mg/dL 

(mean ± SD GFR 51.6 ± 25.8 mL/min). 

5.3 Local control rates and toxicity after SFRS and fSBRT 

The total number of metastases treated was 168, of which 94 were located in the lung and 74 in either 

the bone or lymph nodes (17, 20). One patient with LM from OPCA was included in both cohorts. 

Overall, 13 primary or recurrent renal RCC lesions were treated (25). Baseline tumor and treatment 

characteristics are shown in Table 2. 

5.3.1 Cohort with OPCA 

In total, only two metastases located in the bone and treated with SFRS (20 and 21 Gy) relapsed. 

Median time to relapse has not yet been reached. The 1-year and 2-year LC rates after SFRS vs. fSBRT 

were 98% and 96% vs. 100% and 100%, respectively (Fig 1 A). No differences in LC or toxicities 

were observed between the two groups. Severe ≥ grade 3 toxicities were not observed.  

5.3.2 Cohort with LM 

The 1-year and 2-year LC rates for SFSR vs. fSBRT were 89% and 83% vs. 75% and 59%, 

respectively (p=0.026) (Fig 1 B). In total, 22 metastases relapsed, of which 72.2% were treated with 

fSBRT. Median time to relapse for metastases treated with fSBRT was 32 months (95% CI: 21.3–

42.7). The median time to relapse for lesions treated with SFRS was not reached. Metastases treated 

with SFRS (median diameter = 12 mm) were significantly smaller than those treated with fSBRT 

(median diameter = 16 mm, p=0.003). In univariate analysis treatment with SFRS (HR 2.7; 95% CI: 
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1.0–7.0, p=0.04), non-colorectal histology (HR 0.2; 95% CI: 0.1–0.6, p=0.004), BED < 100 Gy (HR 

2.7; 95% CI: 1.1–6.4, p=0.02), and treatment started within 12 months after metastasis diagnosis (HR 

2.5; 95% CI: 1.1–6.0, p=0.03) were linked to better LC. None of these factors remained significant in 

multivariate analysis.  

Regarding toxicities, both treatments were well tolerated, with no grade ≥3 side effects. Six patients 

(11.5%) had grade 1 pneumonitis. In one patient (1.9%), treatment with prednisolone was indicated 

owing to symptomatic grade 2 pneumonitis. Grade 1 late pulmonary fibrosis was observed in one 

patient (1.9%). 

 

Table 2. Tumor and treatment characteristics 

 Lung metastases Lymph node Bone metastases p/rRCC 

 SFRS fSBRT SFRS fSBRT SFRS fSBRT SFRS fSBRT 

Number 45 49 26 13 33 2 8 5 

PTV (cc) 

  median  10 24 3 5 5 16 18 66 

  range 2–91 6–165 1–14 3–23 1–62 14–17 4–31 17–190 

Number of fractions 

  median  1 4 1 3 1 3 1 3 

  range - 2–12 - 3–6 - - - - 

PTV-encompassing single dose (Gy) 

  median  24 12 20 8 20 9 25 12 

  range 17–26 4–18 18–22 5–10 16–24 8–10 24–25 - 

PTV-encompassing prescription dose (Gy) 

  median  24 45 20 24 20 27 25 36 

  range 17–26 20–60 18–22 19–29 16–24 24–30 24–25 - 

Biological effective dose to the lesion (Gy)  

α/β-ratio     10      3      3     6.9 

  median  82 106 153 88 153 108 116 99 

 range 46–94 43–151 126–183 60–88 101–216 88–130 108– 116 99 

Abbreviations: p/rRCC primary or recurrent renal cell carcinoma in the kidney, PTV planning treatment volume, SFRS 

single fraction radiosurgery, fSBRT fractionated stereotactic body radiotherapy (17, 20, 25). 
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Fig 1. Kaplan-Meier survival curves for local control (LC) by fractionation schedules single fraction 

radiosurgery (SFRS) vs. fractionated stereotactic body radiotherapy (fSBRT) for (A) patients with 

oligometastatic prostate cancer, (B) patients with lung oligometastases, (C) patients with 

primary/recurrent renal cell carcinoma.  

 

Acquired and adapted from “68Ga-PSMA-PET/CT-based radiosurgery and stereotactic body radiotherapy for oligometastatic prostate cancer” by 

Kalinauskaite G, 2020, PLoS One, 15(10) licensed under Creative Commons Attribution (CC BY) (17), “Radiosurgery and fractionated stereotactic 
body radiotherapy for patients with lung oligometastases” by Kalinauskaite GG, 2020, BMC Cancer, 20(1) licensed under CC BY (20) and “Robotic 

stereotactic ablative radiotherapy for renal cell carcinoma in patients with impaired renal function” by Senger C 2019, BMC Urology 19(1) 

licensed under CC BY (25).  
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5.3.3 Cohort with p/rRCC 

Only one lesion (7.7%) treated with 3 × 12 Gy relapsed after 5 months. The 1-year and 2-year LC 

rates after SFRS vs. fSBRT were 100% and 100% vs. 100% and 80%, respectively (Fig 1 C). The 

median tumor diameter for the entire cohort was 28.8 mm. No grade 2 or higher toxicity events were 

observed. Grade 1 abdominal pain and grade 1 diarrhea with abdominal distention were observed in 

two patients (20%). No difference in toxicities was observed between SFRS and fSBRT.  

5.4 Prognostic factors for patients with oligometastases 

A distant metastasis-free interval (DMFI) between the diagnosis of the primary tumor and the first 

metastasis was linked to better outcomes in both cohorts with OMD (17, 20). Patients with OPCA 

with DMFI > 36 months had significantly longer PFS (HR 0.5; 95% CI, 0.3–0.8; p=0.01) and TFFS 

(HR 0.4; 95% CI, 0.2–0.8; p=0.01). For the cohort with LM, a DMFI of 1-year or longer predicted 

better OS (HR 0.2; 95% CI: 0.1–0.7, p=0.01). 

In the cohort with OPCA, a lower PSA level with a cutoff of 1 ng/mL at the time of SBRT predicted 

longer TFFS (HR 0.4; 95% CI: 0.2–0.9, p=0.03).  

Furthermore, in the group with LM, good performance status (Karnofsky index >70%) was associated 

with longer OS (HR 0.3; 95% CI: 0.1–0.8; p=0.03) and PFS (HR 0.4; 95% CI: 0.2–0.7; p=0.02). A 

higher number of metastases with a cutoff of three before SBRT was associated with worse PFS (HR 

2.7; 95% CI: 1.4–5.4; p=0.003).  

6. Discussion 

In the present study, the efficacy and tolerability of SFRS were compared to those of fSBRT in the 

oligometastatic setting and patients with p/rRCC at risk for renal failure/dialysis (17, 20, 25). I 

observed that repeated SBRT might postpone the initiation and escalation of palliative ADT in OPCA. 

Furthermore, this work complemented the existing knowledge about prognostic factors for survival 

and treatment outcomes in patients with OPCA and LM.  

To the best of my knowledge, no randomized trials have compared SFRS with fSBRT in the setting 

of OPCA. Consequently, there are no recommendations regarding which treatment schedule is 

preferred in this situation. Consistent with my findings, Siva et al. reported 2-year LC rates of 93% 

after SFRS with 20 Gy for lymph node or bone oligometastases from PCA in a prospective, non- 

16 
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randomized study. The therapy was well tolerated, except for one patient with a grade 3 vertebral 

fracture. Recently, a published meta-analysis investigated the relationship between LC rates and BED 

after SBRT for 1,441 oligometastases in patients with OPCA (30). With minimal toxicity of only 

1.3%, the authors found that a BED > 100 Gy was associated with significantly better LC rates (BED 

< 100 Gy LC=88% vs. BED > 100 Gy LC=96%). In the present study, the median BED for SFRS was 

>100 Gy, whereas, for fSBRT, it was only 88 Gy (range: 60.16–88 Gy). In contrast to the meta-

analysis mentioned above, excellent LC rates without any difference in BED were observed. However, 

the present results should be interpreted with caution as only 20% of metastases were treated with 

fSBRT and thus received BED <100 Gy. In a retrospective series conducted by Muldermans et al., 

the relationship between dose escalation and LC was observed after treatment of 81 oligometastases, 

of which 88% were treated using SFRS. The authors found LC rates at 2 years of only 58% for 

metastases treated with 16 Gy compared with 95% after administration of a minimum of 18 Gy (p 

≤0.001) (31). No local recurrence was observed in metastases treated with >18 Gy. No grade 2 toxicity 

events occurred. In the present study, two relapsed lesions were treated with SFRS > 18 Gy, and the 

only lesion treated with 16 Gy was controlled after 51 months of follow-up. Although no consensus 

on the optimal fractionation scheme can be derived from retrospective data, the current results 

demonstrated that SFRS is a safe and effective treatment modality for patients with oligometastases 

from PCA. Further randomized studies are needed to investigate the best fractionation schedules for 

treatment outcomes and toxicity. 

The LC after SBRT for LM observed in the present study is consistent with results reported in the 

literature (6, 32, 33). Regarding fractionation regimens, SFRS with a median of 24 Gy and median 

BED < 100 Gy proved to be superior to fSBRT in terms of recurrence rate. In contrast to the results 

of some recently published studies, this study demonstrated that good LC can be achieved after SBRT 

with a BED <100 Gy. It should be noted that metastases treated with SFRS were significantly smaller, 

which may be linked to better LC, as some authors have reported an association between smaller 

lesions and longer recurrence-free interval (32, 34, 35). However, other studies found no correlation 

between LM size and LC rates (6, 36). Results from the recent phase 2 SAFRON II trial demonstrated 

that SFRS is safe and effective compared with fSBRT for up to 3 LM, with a 1-year LC of 93% vs. 

95% and grade 3 toxicity of 5% vs. 3% (37). For additional metastases and treatment characteristics, 

the full publication must be awaited. The results of the present study show that small lesions with a 

volume of 10 cc can be effectively and safely treated with the shortest possible treatment schedule.  
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This analysis found that SBRT, either in a single fraction or in three fractions, is safe and efficient for 

patients with impaired renal function experiencing p/rRCC. These findings are comparable to those 

reported in the literature, where LC rates after 2 years range from 92.3% to 100% (23, 38, 39). 

Considering the small number of lesions treated, no difference was observed between SFRS and 

fSBRT in the present cohort. Furthermore, renal function remained unchanged after 2 years. Siva et 

al. conducted a prospective interventional clinical trial that demonstrated SFRS vs. fSBRT to be 

equally good in terms of LC after the treatment of 37 patients with unresectable T1a-T2a RCC (40). 

SFRS was indicated for tumors < 5 cm in diameter. Grade 3 toxicity was observed in only one patient 

(3%), and no grade ⩾4 toxicities were reported. In contrast to the present study, the authors observed 

a GFR decline of 11 mL/min at 1 year. The median PTV of patients in present study was smaller 

(SFRS: 17.5 cc [range: 3.8–31] and fSBRT: 66.2 cc [range: 17.4–190.3]) compared with the median 

PTV reported by Siva and colleagues (SFRS: 77.2 cc [range: 51.8–89.4] and fSBRT: 166.8 cc [range: 

133.1–214.2]). Smaller treatment volume could be one of the factors leading to better conservation of 

nephrons and thus preservation of renal function. In a large retrospective series of 223 patients treated 

with either SFRS (n=118) or fSBRT (n=105) for RCC with a median tumor diameter of 43.6 

± 27.7 mm, the mean decline of GFR by 5.5 ± 13.3 mL/min was reported (23). Tumors treated with 

SFRS were significantly smaller, with a median diameter of 37.1 ± 10.6 mm. However, the authors 

found no association between tumor size (T1a vs. >T1a), fractionation schedule (SFRS vs. fSBRT), 

and renal function changes. Other factors such as pre-existing comorbidities (diabetes, cardiovascular 

disease, and arterial hypertension) might influence renal function after SBRT. Considering the results 

of this study and other retrospective and prospective phase I studies, SFRS showed excellent LC rates 

in smaller RCC with preservation of renal function and limited toxicities. The results of the 

prospective, phase II, nonrandomized FASTRACK II trial of SFRS and fSBRT in unresectable RCC 

are expected to validate SBRT as safe and effective in RCC (41). 

Considering the role of SBRT in postponing ADT for patients with OPCA, several prospective trials 

have been conducted (9, 10, 42). Two randomized phase II studies, OREOLE and STOMP, showed 

that metastasis-directed therapy is superior to active surveillance, resulting in either prolonged PFS or 

ADT-FS (9, 10). In the present study, the median ADT-FS was not reached after 34 months of follow-

up, which is notably better than in some prospective and retrospective studies (9, 30). The explanation 

for this inconsistency may be the use of a second SBRT line in the majority of patients with repeat 

oligoprogression after initial SBRT. In line with current results, Pasqualetti et al. reported a systemic 
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therapy-free survival of 39.7 months after performing repeated SBRT for patients with ≤ 3 

oligometastases from PCA (43). The maximum number of SBRT lines administered in one patient 

was five. In addition to delaying the onset of ADT, SBRT might be used to eradicate hormone-

resistant tumor cell clones, thus postponing the escalation of systemic therapy for further progression 

(44). In six of 15 patients with ongoing ADT at the time of SBRT, systemic therapy was escalated 

after a median time of 27 months. Triggiani et al. found that almost 50% of castration-resistant patients 

after SBRT to up to three oligometastases have started with second-line therapy (45). The median 

time to escalation was 22 months. Although the use of SBRT in patients with ongoing palliative 

system therapy has not been investigated in prospective trials, it might not be limited to symptomatic 

patients but used to control the therapy-refractory tumor burden.  

It should be noted that even with novel imaging techniques such as PSMA-PET/CT, in some cases, 

the micrometastases are underdiagnosed and thus remain untreated. A delay in the start or escalation 

of systemic therapy leads to the manifestation of polymetastatic disease in these patients, which is 

associated with increased mortality (46). In the STOMP study, 30% of patients in the MDT arm 

developed polymetastases 1 year after SBRT (9). Regarding this, I observed better results, with only 

six (12%) patients having >5 metastases at first progression after SBRT. Similar to the current study, 

Bowden et al. showed a 17.6% rate of progression to polymetastatic disease within 2 years after 

PSMA-PET/CT-based SBRT for a maximum of five lesions (47). I hypothesize that staging with 

PSMA-PET/CT might lead to lower rates of polymetastases in the aforementioned and the present 

study. Further studies are needed to identify patients who will most likely benefit from MDT in an 

oligometastatic setting.  

Furthermore, within my thesis, I asked the question, “What are potential prognostic factors for 

OMD?”. I found that longer DMFI significantly improved PFS and TFFS in patients with OPCA and 

OS in a cohort of patients with LM. The OMD is classified as synchronous or metachronous 

concerning the onset of the first metastasis. In synchronous OMD, the primary tumor and metastasis 

are diagnosed simultaneously, whereas in metachronous OMD, there is a certain disease-free interval 

until metastasis occurs. However, the definition of metachronous disease differs considerably in the 

literature, with a disease-free interval varying between 2 and 78 months (48-51). In some studies, 

synchronous OMD or shorter disease-free interval was associated with a more aggressive tumor 

subtype, leading to worse treatment outcomes (52, 53). In the present study, a longer DMFI predicted 

better survival in both cohorts with OMD, however, the cut-off value differed between OPCA and 
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LM patients, suggesting that DMFI is not a universal prognostic factor but rather specific to primary 

tumor type and metastatic potential. In line with current results, Franzese et al. found a DMFI of ≥ 34 

months to be a prognostic factor for distant PFS in 92 patients with OPCA (54). After analyzing 

patients with a maximum of 5 LM from different primary tumors, Rieber et al. found that a longer 

time interval between primary tumor diagnosis and SBRT for metastasis predicted a significantly 

better OS (6). The researchers also found that patients with a prolonged interval to SBRT were 

enriched in the subgroups of patients with breast and colorectal cancers. Further studies are needed to 

determine a DMFI to predict treatment outcomes in an oligometastatic setting concerning the primary 

tumor type.  

Another prognostic factor found in the present study was a good performance status (Karnofsky index 

>70%), which was observed only in the cohort with LM. Several other studies have reported 

performance status as an important prognostic factor in patients with lung and liver oligometastases 

(6, 55). This suggests that fragile patients should be considered more cautiously for curative therapies, 

as palliative treatment might be a better option in this case.  

The major limitations of this study are its retrospective design, the bias in patient selection, and the 

relatively small sample size. Additionally, the number of metastases treated with SFRS in the cohort 

with OPCA was four times greater than that in those treated with fSBRT.  

This study demonstrated that SFRS is safe and effective for the treatment of selected patients with 

oligometastases and p/rRCC with renal function impairment. SFRS is particularly important during a 

“pandemic” times by reducing patient-to-healthcare workers’ exposure without compromising 

oncologic outcomes in a subgroup of patients.  
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