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Abstract

Objective: To study whether delivering definitive radiotherapy to sites of oligoprogression 

in metastatic renal cell carcinoma enabled deferral of systemic therapy changes without 

compromising disease control or survival.

Materials/Methods: We identified patients with metastatic renal cell carcinoma who received 

radiotherapy to ≤3 sites of extracranial progressive disease in 2014–2019 at a large tertiary cancer 
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center. Inclusion criteria were (1) controlled disease for ≥3 months before oligoprogression, (2) all 

oligoprogression sites treated with a biologically effective dose of ≥100 Gy, and (3) availability of 

follow-up imaging. Time-to-event endpoints were calculated from the start of radiotherapy.

Results: Seventy-two patients were identified (median follow-up time 22 months, 95% 

confidence interval [CI] 19–32 months), with oligoprogressive lesions in lung/mediastinum 

(n=35), spine (n=30), and non-spine bone (n=5). The most common systemic therapies before 

oligoprogression were none (n=33), tyrosine kinase inhibitor (n=23), and immunotherapy 

(n=13). At 1 year, the local control rate was 96% (95% CI 87%–99%); progression free 

survival, 52% (95% CI 40%–63%); and overall survival, 91% (95% CI 82%–96%). At 

oligoprogression, systemic therapy was escalated (n=16), maintained (n=49), or discontinued 

(n=7), with corresponding median progression free survival intervals of 19.7 months (95% CI 

8.2–27.2 months), 10.1 months (95% CI 6.9–13.2 months), and 9.8 months (95% CI 2.4–28.9 

months). Of the 49 patients maintained on the same systemic therapy at oligoprogression, 21 did 

not subsequently have systemic therapy escalation.

Conclusion: Patients with oligoprogressive metastatic renal cell carcinoma treated with 

radiotherapy had comparable progression free survival regardless of systemic therapy strategy, 

suggesting that radiotherapy may be a viable approach for delaying systemic therapy escalation. 

Randomized controlled trials comparing treatment of oligoprogression with radiotherapy vs. 

systemic therapy alone are needed.
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INTRODUCTION

Each year approximately 400,000 patients are diagnosed with renal cell carcinoma (RCC) 

worldwide, of whom approximately one-third will eventually develop metastatic disease.1,2 

The mainstay of treatment for metastatic renal cell carcinoma (mRCC) is systemic therapy 

(ST),3 the options for which have expanded considerably over the past 15 years to 

include small-molecule tyrosine kinase inhibitors (TKIs) of vascular endothelial growth 

factor receptors (VEGFR; axitinib, sunitinib, pazopanib, cabozantinib and lenvatinib), 

small-molecule inhibitors of mammalian target of rapamycin (mTOR, everolimus and 

temsirolimus), and monoclonal antibodies of PD1 (nivolumab, pembrolizumab), PDL1 

(avelumab), and CTLA4 (ipilimumab).4 Metastatic disease often responds well to these 

systemic therapies, resulting in improved disease control and outcomes.

Despite the growing availability of novel systemic agents for mRCC, complete and durable 

responses are uncommon, and one or more metastatic lesions inevitably develop resistance 

to therapy.5 Isolated sites of progression can develop in otherwise controlled disease, a 

phenomenon called oligoprogression.6,7 Oligoprogressive disease is of particular concern 

in mRCC because of its significant intra- and intertumoral heterogeneity, for which use of 

systemic therapies may lead to the selection of resistant clones.8 For disease progression, 

escalation of systemic therapy (STE) to the next line of treatment is a major strategy, but 
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it can be associated with considerable decreases in quality of life and increases in financial 

costs.9,10

Interest in metastasis-directed therapy for progressive lesions is growing as a strategy to 

improve disease control and defer STE.11 Unlike targeted agents, local therapies such as 

radiotherapy (RT) can target resistant clonal populations without regard to mutation profile 

or burden. In this context, we sought to characterize outcomes and toxicities of mRCC 

patients who received metastasis-directed RT, including local control, distant control, and 

latency to STE.

MATERIALS AND METHODS

Patient selection

This review of medical records (protocol 2020–0065) was approved by the institutional 

review board, with the need for informed patient consent waived. This study was conducted 

in accordance with the ethical standards of the Declaration of Helsinki and its later 

amendments.12 We used the Oncora platform (Oncora Medical, Philadelphia, PA) to identify 

all patients aged ≥18 years with mRCC who received metastasis-directed RT at a single 

tertiary cancer care center from 2014 through 2019. All patients must have received 

RT to all oligoprogressive disease sites, defined as 1–3 progressing or new extracranial 

lesions; patients with progressing intracranial lesions at the time of oligoprogression were 

excluded given that they were likely to have management and outcomes distinct from those 

with extracranial progression alone. Lesion progression was evaluated with the Response 

Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1) as an increase of the sum of 

the longest diameters of the target lesions by ≥20%, an increase of ≥5 mm along any single 

dimension of the target lesions, or the development of a new lesion measuring ≥1 cm in 

long axis for non-nodes and ≥1.5 cm for lymph nodes as measured on computed tomography 

(CT) or magnetic resonance imaging (MRI).13 All images were reviewed retrospectively 

by a board-certified radiologist to identify oligoprogressive lesions according to RECIST 

v1.1. Other inclusion criteria were (1) disease control outside the oligoprogressive sites for 

≥3 months before oligoprogression; (2) receipt of RT to the sites of oligoprogression to a 

biologically effective dose (BED) of ≥100 Gy; and (3) having follow-up imaging available 

for review. For calculations of BED, an α/β ratio of 2.63 was assumed for RCC.14

Data collection and analysis

Data regarding demographics, tumor histology, sites of progression, lesion dimensions, 

RT dose and fractionation, systemic therapies, disease control, toxicity, and survival were 

extracted and recorded. The International Metastatic RCC Database Consortium (IMDC) 

risk score was used as the basis for calculation of a modified IMDC score, in which 1 point 

is assigned for intervals of <1 year from diagnosis to ST or RT.15,16

Median follow-up time was calculated by using the reverse Kaplan-Meier method. 

Assessments of local control (LC), progression-free survival (PFS), overall survival (OS), 

and freedom from subsequent escalation (FFSE) were performed on a per-patient basis 

indexing to the first RT course for the oligoprogression. All endpoints were calculated 
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from the start of RT. The Kaplan-Meier method and life tables were used for time-to-event 

analyses. The ST strategy was compared across three time points: before oligoprogression, 

just after RT for oligoprogression, and at the patient’s next progression event. STE was 

defined as beginning ST after observation or a change from one ST to another. Univariable 

analyses were conducted with Cox proportional hazards. Multivariable analysis was not 

performed owing to small sample sizes. Statistical analyses were done with Stata Version 

13.0 (StataCorp, College Station, TX, USA) and JMP Version 14.0 (SAS Institute, Cary, 

NC, USA).

RESULTS

Overview of clinical outcomes

Of 90 patients with clinically presumed oligoprogressive mRCC, 72 patients (80%) with 87 

oligoprogressive lesions were retrospectively identified by a radiologist to meet selection 

criteria. All progressive lesions were treated definitive-intent RT between 2014 through 

2019. Patient, disease, and treatment characteristics for the whole cohort and stratified by 

systemic therapy strategy are summarized in Table 1. Most of the patients were male, had 

clear cell histology, and had oligoprogression in the lung/mediastinum or vertebral spine at 

a median 41 months after initial diagnosis (interquartile range [IQR] 22–94 months). The 

modified IMDC score for 66 patients was 0–2, representing favorable- to intermediate-risk 

disease. At the time of oligoprogression, 33 patients had not had ST and the rest were 

receiving mostly VEGFR-TKI monotherapy or immune checkpoint therapy (Supplementary 

Table S1). The RT for oligoprogressive disease was delivered to 1 lesion in 59 patients, 2 

lesions in 11 patients, and 3 lesions in 2 patients. The median dose was 50 Gy (IQR 24–53 

Gy) delivered in a median 4 fractions (IQR 1–10 fractions), and the median BED2.63 was 

243 Gy (IQR, 200–264 Gy).

The median follow-up time for the full cohort was 21.7 months (95% confidence interval 

[CI] 18.7–32.3). The median follow-up time among the 56 patients who were alive at 

last follow up was 19.1 months (95% CI, 17–23.2). The median OS and PFS times after 

initiation of RT for oligoprogression were 60.8 months (95% CI 41.5–undefined) and 12.1 

months (95% CI 9.0–15.8). The 1-year OS and PFS probabilities were 91% (95% CI 82%–

96%) and 52% (95% CI 40%–63%). The median FFSE time after oligoprogression was 18.2 

months (95% CI 11.1–40.7 months) and the 1-year FFSE probability was 62% (95% CI 

49%–72%). Among patients who had a change in systemic therapy after oligoprogression, 

the median time to next therapy was 6.9 months. Seven patients had local failures (i.e., at 

the treated oligoprogression site) at a median of 14.7 months, of whom 4 had local failure 

as the first site of subsequent progression. The 1-year LC probability was 96% (95% CI 

87%–99%).

Stratified outcomes analyses

At the time of oligoprogression, 7 patients discontinued ST altogether, 49 patients 

maintained the same ST, and 16 patients escalated ST to another agent. Among 23 patients 

who did not maintain the same ST after oligoprogression, the most common switch patterns 

were from no ST to TKI in 10 patients and from TKI to no ST in 6 patients. On survival 
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analysis, median PFS intervals after RT for the discontinued ST, maintained ST, and 

escalated ST groups were 9.8 months (95% CI 2.4–28.9 months), 10.1 months (95% CI 

6.9–13.2 months), and 19.7 months (95% CI 8.2–27.2 months), respectively. Median OS 

intervals after RT for ST discontinuation and ST escalation were 33.3 months (95% CI 

19.1 months–could not be estimated) and 46.3 months (95% CI 28.7 months–could not be 

estimated), whereas the median survival time for those who were on ST maintenance had 

not been reached at last follow-up. Survival probability curves for PFS, OS, and LC are 

displayed in Figure 1A–C, and PFS probability curves stratified by STE (yes vs. no) and 

by IMDC score (0–1 vs. 2–3) is shown in Figure 1D. The survival probability curves for 

FFSE are shown in Figure 2. At 1 year, the estimated probability of FFSE was 57% (95% CI 

17%–84%) for ST discontinuation, 58% (95% CI 43%–71%) for ST maintenance, and 75% 

(95% CI 46%–90%) for ST escalation at the time of oligoprogression.

The results of univariable Cox regression of factors associated with PFS and those 

associated with OS are shown in Table 2. One factor associated with a higher risk of death 

included being on a TKI at the time of oligoprogression (HR 1.48, 95% CI 1.16–11.82, 

P=0.028). One factor associated with a lower risk of death was not being on ST at the time 

of oligoprogression (HR 0.70, 95% CI 0.10–0.98, P=0.047).

Subsequent progression and treatment

After oligoprogression, 41 patients had a change in ST (37 escalated and 4 discontinued), 

and 31 maintained ST. The reasons for a subsequent change in ST were progression (n=37), 

side effects (n=2), enrollment on a new clinical trial (n=1), and patient preference (n=1). At 

the most recent follow-up, a cumulative 45 patients had escalation of ST at oligoprogression 

or at any time thereafter. Of 49 patients who were maintained on the same or no systemic 

agent at the time of oligoprogression, 21 did not subsequently have escalation of ST at 

median follow-up time of 15.7 months (95% CI 9.6–41.3). Of the 21 patients who did not 

have any ST changes at oligoprogression or subsequent follow-up, the median OS time was 

not reached, and the 1-year OS probability was 95% (95% CI 71%–99%).

Descriptive analyses of the site of next progression after treatment of oligoprogression are 

shown in Figure 3. Of 30 patients treated for spine or non-spine bone oligoprogression sites 

who subsequently had disease progression, the most common site of next progression was 

at another osseous site (n=15, 45% of 33 total sites). Of 24 patients treated for non-bone 

OP lesions (22 lung/mediastinum, 1 chest wall, 1 abdominal nodes), the most common site 

of next progression was the thorax (n=15, 56% of 27 total sites). Only 1 patient treated for 

bone oligoprogressive lesions and no patients treated for non-bone oligoprogressive lesions 

developed brain lesion(s) as the next site of progression. Two patients treated for spine 

lesions and two patients treated for lung/mediastinum lesions developed local failure as the 

site of next progression. A swimmer plot of sites of oligoprogression and next progression 

stratified by ST strategy is shown in Figure 4.

Toxicity

Acute and chronic toxicities associated with radiation treatment are listed in Supplementary 

Table S2. No patients experienced grade 3 or higher acute toxicities. The most common 
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acute toxicities were pain at the treatment site (n=11), pneumonitis (n=5), and nausea (n=5). 

The most common chronic toxicities were pain (n=7), insufficiency fracture (n=7), and 

pneumonitis (n=6). Grade 3 chronic toxicities were uncommon and included pain (n=2), 

brachial plexopathy (n=2), and fibrosis (n=1). No patients experienced grade 4 or 5 chronic 

toxicities at last follow up.

DISCUSSION

The advent of several classes of systemic agents for the treatment of mRCC has led to 

partial or complete responses, as measured by RECIST v1.1, in most cases.17 Nonetheless, 

the deferral of initiation or escalation of ST for mRCC may confer benefits to patients with 

regard to cost, quality of life, and the ability to reserve potentially effective therapies for 

later stages of disease. Rising out-of-pocket costs for ST in mRCC have been shown to be a 

significant barrier to medication access and compliance with therapy.18 Recent studies have 

also shown that most patients receiving ST for mRCC experience bothersome side effects 

and immune checkpoint inhibitors in particular are associated with severe immune-related 

adverse events in up to 40% of patients.19,20 Active surveillance with deferred initiation 

of ST has been shown to confer superior quality of life without affecting mRCC-specific 

survival for patients with low-burden or indolent disease.21 However, it remains unclear 

whether using metastasis-directed therapy for oligoprogressive lesions is a conduit to 

deferral of ST or a change without compromise of durable disease control. In the current 

study, we found that patients who did not undergo STE had similar LC, PFS, and OS as did 

those who did have STE, suggesting that maintenance of ST may be an appropriate strategy 

for patients receiving metastasis-directed therapy to sites of oligoprogression.

Data regarding local therapy for oligoprogressive mRCC are limited and are summarized 

in Supplementary Table S3. A key conclusion of analyses to date, including the present 

study, is that the use of metastasis-directed RT may enable deferral of the introduction of 

ST or escalation to the next line of therapy. For instance, one study by the Groupe d’Etude 

des Tumeurs Uro-Génitales (GETUG) examined 188 patients with either oligometastatic or 

oligoprogressive disease, defined as ≤5 lesions. Among 101 patients with oligoprogressive 

mRCC (143 lesions treated with RT), median local recurrence-free survival time was 

19.3 months, time to initiation of ST was 10.5 months, PFS time was 8.6 months, and 

OS time was 23.2 months. However, the RT doses used were considerably lower (mean 

BED3 = 78 Gy, range, 28–276 Gy) than in the present study, suggesting that a significant 

proportion of patients were treated with palliative doses. The influence of ST strategy 

also was not explicitly explored in that analysis.11 Another multi-institutional retrospective 

study analyzed 55 patients with oligoprogressive mRCC treated with ablative techniques 

(n=5), surgery (n=25), or RT (n=25). Among patients who maintained the same agent vs. 

changed agents, no difference was found in PFS time (15 vs. 7 months, P=0.207), but OS 

(39 vs. 11 months, P=0.014) favored patients who maintained a systemic agent. Another 

retrospective analysis of 51 patients receiving RT for sites of oligoprogressive mRCC found 

median PFS and OS to be 8.6 and 30.5 months, respectively, with 2-year PFS of 12%.22 

Finally, findings from a single-arm phase II trial examining the role of stereotactic RT 

for oligoprogression in patients with mRCC receiving TKI therapy (NCT02019576) were 

recently published in abstract form. Patients were maintained on the same TKI, and had a 

De et al. Page 6

BJU Int. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT02019576


median PFS time of 9.6 months, a 2-year LC rate of 96%, and a 2-year OS rate of 77%. 

The cumulative incidence of ST change was 47% at 1 year and 75% at 2 years.23,24 Current 

trials at Sunnybrook, UT Southwestern, and the Centre Francois Baclesse in conjunction 

with GETUG are ongoing.25–27

Metastasis-directed therapy for oligoprogressive disease, either with surgery, stereotactic RT, 

or radiofrequency ablation, has shown early promise for several types of primary cancer.28 

One single-institution review of patients with solid tumors receiving immune checkpoint 

therapy found that oligoprogression was noted in 4% of all patients, and 16% of patients 

achieved at least stable disease on immune checkpoint therapy. Of patients who were 

maintained on immune-checkpoint therapy and received local therapy, the PFS interval was 

15 months.29 In other studies of patients with non-small cell lung cancer with mutations 

in epidermal growth factor receptor (EGFR) and/or anaplastic lymphoma kinase (ALK) 

who were maintained on the same TKI at the time of oligoprogression, metastasis-directed 

therapy was shown in several retrospective series to confer LC rates ranging from 48%

−86% at 12 months and median PFS intervals of 6–14 months.23,30–33 Several retrospective 

series of metastasis-directed therapy for oligoprogressive castrate-resistant prostate cancer 

treated with abiraterone or enzalutamide showed median PFS intervals ranging from 7 

to 11 months.34–36 Other small series of oligoprogressive disease in head & neck, skin, 

colorectal, urothelial, pleural, soft tissue, and gynecologic malignancies have also shown 

the potential of metastasis-directed therapy for prolonging PFS and deferring changes in 

ST.37–44 Although existing evidence is largely limited to retrospective analyses at this time, 

several prospective randomized trials aimed at addressing the utility of metastasis-directed 

therapy for patients with lung, breast, and prostate cancers are ongoing.45–48 Interest has 

also been expressed in the interactions between RT and immune-checkpoint therapy for 

mRCC and other types of cancer.49

The location of the metastases in mRCC has implications for prognosis and differences 

in response to treatment.50,51 Molecular analyses in mRCC have suggested that metastatic 

spread has distinct, constrained routes.52 However, it remains unclear if the location of 

oligoprogressive disease can predict site of subsequent progression and influence the 

optimal selection of local or ST. In the current study, we found that bone metastases 

most commonly had subsequent progression at osseous sites, whereas non-bone metastases

—predominantly in lung/mediastinal locations—most often had subsequent progression in 

the thorax. Information on patterns of progression in mRCC has been limited. Data from 

the current study suggest that for patients with treated oligoprogressive disease in bone, a 

bone scan and CT of the chest and abdomen may be more informative than MRI at routine 

follow-up visits. The influence of local therapy, ST, and sites of disease in determining 

patterns of subsequent progression and prognosis warrants further investigation.

This study had some limitations. We used an inclusion threshold of ≥ 3 months of systemic 

disease control, which may have overestimated progression in the absence of serial imaging 

studies to confirm lesion growth. However, it should be noted that a majority of patients 

were selected for inclusion by review of serial imaging over longer durations. Systemic 

therapy selection was non-random and may have reflected clinician assessment of disease 

status, individual clinician preference for or against specific agents, and/or anticipated 
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tolerance of patients for side effects of therapy. It is possible that patients chosen for STE 

represent a healthier subgroup more likely to tolerate side effects, which would overestimate 

the true time to progression associated with STE. Additionally, subgroup sample sizes 

were small resulting in large confidence intervals for time-to-event endpoints and hazard 

ratios on Cox analysis. Also, although STE may be a clinically meaningful endpoint, it 

is subject to bias and heterogeneity between practitioners and patients. Furthermore, our 

findings also suggest that RT may have limited applicability for oligoprogressive mRCC 

given that the vast majority of the patients studied were referred for bone, lung, or nodal 

metastases and generally not for intra-abdominal (liver, kidney, or pancreatic) metastases. 

Taken together, these limitations limit our ability to perform a causal analysis aimed at 

directly guiding patient selection, treatment selection, and treatment sequencing in a clinical 

setting. Nonetheless, the current study demonstrates that treatment of oligoprogression 

lesions with metastasis-directed RT is associated with excellent LC, a median OS time of 61 

months, and a favorable toxicity profile. Prospective trials examining ablative RT for sites 

of oligoprogression are warranted and may provide valuable insight into disease control, 

survival, and quality of life after such therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(A) Progression free survival stratified by systemic therapy strategy at time of 

oligoprogression. (B) Overall survival stratified by systemic therapy strategy at time of 

oligoprogression. (C) Local control stratified by systemic therapy strategy at time of 

oligoprogression. (D) Progression free survival stratified by systemic therapy strategy and 

International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) score after 

oligoprogression for metastatic renal cell carcinoma. Abbreviations: RT, radiation therapy; 

STE, escalation of systemic therapy.

De et al. Page 12

BJU Int. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Freedom from subsequent escalation stratified by systemic therapy strategy at time of 

oligoprogression. RT, radiation therapy.
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Figure 3. 
Sites of next progression stratified by primary site of treated oligoprogression: (A) Bone site 

or (B) non-bone site. Progression occurred at multiple sites in several cases, which accounts 

for the unbalanced sums when comparing totals from left to right.
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Figure 4. 
Patient-level outcomes for 72 patients receiving radiotherapy for oligoprogression of 

metastatic renal cell carcinoma. The latency between radiotherapy and outcome, either 

progression or no progression at last follow-up, is represented by the length of each bar 

shown.
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Table 1.

Patient, tumor, and treatment characteristics of patients treated with metastasis-directed radiotherapy for 

oligoprogressive metastatic renal cell carcinoma

Systemic therapy strategy

Attribute All patients Discontinued Maintained Escalated

Number of patients treated 72 7 49 16

Number of lesions treated 87 11 57 19

Median age at treatment, years (quartiles) 67 (60–73) 73 (69–77) 66 (61–73) 65 (54–71)

Sex

 Male 55 (76%) 3 (43%) 41 (84%) 11 (69%)

 Female 17 (24%) 4 (57%) 8 (16%) 5 (31%)

Histology

 Clear cell 68 (94%) 7 (100%) 45 (92%) 16 (100%)

 Chromophobe 2 (3%) - 2 (4%) -

 Papillary 1 (1%) - 1 (2%) -

 Unclassified 1 (1%) - 1 (2%) -

Site of oligoprogression

 Lung/mediastinum 35 (49%) 6 (86%) 28 (57%) 1 (6%)

 Spine 30 (42%) 1 (14%) 16 (33%) 13 (81%)

 Non-spine bone 5 (7%) - 4 (8%) 1 (6%)

 Other 2 (3%) - 1 (2%) 1 (6%)

Median interval from initial diagnosis to OP (quartiles), months 41 (22–94) 26 (6–61) 45 (22–101) 38 (26–58)

Median largest dimension of lesion at OP (quartiles), cm 2.7 (1.7–3.7) 2.5 (2.1–4.3) 2.4 (1.6–3.3) 3.6 (2.5–4.7)

Modified IMDC score at time of OP (n=71)

 0 15 (21%) 2 (29%) 12 (24%) 1 (7%)

 1 35 (49%) 2 (29%) 22 (45%) 11 (73%)

 2 16 (23%) 2 (29%) 12 (24%) 2 (13%)

 3 5 (7%) 1 (14%) 3 (6%) 1 (7%)

Systemic therapy before OP

 None 33 (46%) - 23 (47%) 10 (63%)

 TKI monotherapy 23 (32%) 6 (86%) 13 (27%) 4 (25%)

 Immunotherapy 13 (18%) 1 (14%) 10 (20%) 2 (13%)

 Immunotherapy/TKI combination 2 (3%) - 2 (4%) -

 Other 1 (1%) - 1 (2%) -

Median dose, Gy (quartiles) 50 (24–53) 50 (50–54) 50 (24–53) 24 (24–27)

Median BED 2.63 , Gy (quartiles) 243 (200–264) 288 (122–288) 243 (200–288) 243 (222–243)

Median number of fractions (quartiles) 4 (1–10) 4 (1–10) 4 (3–10) 1 (1–3)

Systemic therapy strategy at OP

 Discontinuation 7 (10%) 7 (100%) - -

 Maintenance 49 (67%) - 49 (100%) -
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Systemic therapy strategy

Attribute All patients Discontinued Maintained Escalated

 Escalation 16 (22%) - - 16 (100%)

Therapy switch patterns at OP (n=23)

 TKI → TKI 2 (9%) - - 2 (13%)

 TKI → Immunotherapy 2 (9%) - - 2 (13%)

 Immunotherapy → TKI 2 (9%) - - 2 (13%)

 None → TKI 10 (43%) - - 10 (63%)

 TKI → None 6 (26%) 6 (86%) - -

 Immunotherapy → None 1 (4%) 1 (14%) - -

Median time to next therapy, months 6.9 5.8 6.1 11.1

Abbreviations: OP, oligoprogression; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; TKI, tyrosine kinase inhibitor; 
BED, biologically effective dose; several percentages do not sum to 100% due to rounding
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Table 2.

Univariable analysis of factors associated with progression and overall survival after radiotherapy for 

oligoprogression.

For Progression For Death

Variable Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age ≥ 65 at treatment 0.85 0.50–1.47 0.563 2.64 0.83–8.34 0.099

Male sex 1.04 0.55–1.95 0.908 0.56 0.19–1.64 0.290

Site of OP

 Spine (Reference) (Reference)

 Lung/mediastinum 0.78 0.44–1.38 0.393 0.76 0.25–2.31 0.627

 Bone 0.96 0.29–3.18 0.944 1.48 0.18–12.52 0.717

 Other 2.84 0.65–12.39 0.165 0.95 0.11–8.35 0.963

Histology

 Clear cell (Reference) (Reference)

 Other 1.80 0.55–5.89 0.332 Undefined

Time from initial diagnosis to OP

 < 48 months (Reference) (Reference)

 ≥ 48 months 0.70 0.37–1.30 0.255 0.53 0.15–1.88 0.327

Number of sites treated

 1 (Reference) (Reference)

 >1 0.76 0.36–1.62 0.477 1.01 0.23–4.55 0.985

Greatest dimension of lesion treated

 ≤3 cm (Reference) (Reference)

 >3 cm 0.98 0.57–1.69 0.938 0.87 0.32–2.41 0.791

BED2.63≥ 250 0.62 0.35–1.12 0.114 0.72 0.25–2.09 0.543

Systemic agent at time of OP

 None (Reference) (Reference)

 TKI 1.48 0.80–2.71 0.209 3.70 1.16–11.82 0.028*

 Immunotherapy 1.48 0.70–3.16 0.306 2.12 0.38–11.96 0.393

 TKI + immunotherapy 1.50 0.35–6.46 0.583 Undefined

No systemic therapy at time of OP 0.70 0.40–1.20 0.195 0.31 0.10–0.98 0.047*

On immunotherapy at time of OP 1.27 0.67–2.43 0.462 0.90 0.20–4.08 0.891

Modified IMDC score at OP

 0–1 (Reference) (Reference)

 2–3 1.50 0.83–2.69 0.176 1.10 0.38–3.16 0.866

Therapy switch strategy

 Maintenance (Reference) (Reference)

 Discontinuation 0.73 0.30–1.77 0.486 1.22 0.25–5.93 0.802

 Escalation 0.62 0.32–1.19 0.150 1.02 0.34–3.07 0.969
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BED2.63, biologically effective dose assuming α/β ratio of 2.63; CI, confidence interval; IMDC, International Metastatic Renal Cell Carcinoma 

Database Consortium; OP, oligoprogression; TKI, tyrosine kinase inhibitor.

*
Significant at 5% level
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