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Current guidelines on treatment of metastatic renal cell carcinoma (mRCC) suggest an emerging role 
of local therapy (LT). Still there is a lack of data which patients may benefit from additional LT once 
medical treatment (MT) is initiated. We retrospectively aim to characterize LT in patients with mRCC 
who underwent LT while receiving MT. 315/401 mRCC patients were eligible, thereof 163 (51.7%) 
received LT during MT (LT( +)), while 152 (48.3%) received only MT (LT(-)). Radiotherapy (49.1%) and 
surgery (41.7%) were the most frequently administered LT modalities. Overall survival (OS) was not 
superior in LT( +) vs. LT(-) (35.9, (95%-CI [confidence interval]: 29.8–42.0) vs. 20.3, (95%-CI: 10.3–30.3) 
months, log-rank p = 0.117). However, in a subgroup analysis the duration of MT prior to initiation 
of LT (≤ 6 months 24.1 (95%-CI: 18.6–29.6) vs. > 6 months: 43.0 (95%-CI: 32.2–36.2) months, log-
rank p = 0.005) and the type of progression (oligoprogression: 44.0 (95%-CI: 31.5–56.5) vs. systemic 
progression: 29.6 (95%-CI: 23.4–35.8) months, log-rank p = 0.03) were associated with improved OS. 
We present the largest analysis of LT during MT. Our study has enhanced our understanding of LT 
utilization in mRCC after MT is already initiated. Ultimately, the inclusion of LT could improve OS in 
selected patients receiving MT.
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Medical treatment of metastatic renal cell carcinoma (mRCC) has dramatically changed over the last two 
decades with the introduction of targeted therapies and checkpoint inhibitors (CPI)1–4. In contrast, higher 
evidence within the field of management of mRCC with local therapies (LT) barely gained additional 
evidence5,6. European guidelines, as well as the national German guidelines, primarily suggest LT with complete 
metastasectomy, or radiotherapy when favorable disease characteristics are present5,6. Although there is a lack 
of randomized controlled studies, there is a reliable amount of data showing a benefit of LT in carefully selected 
patients5–7. Of note, one systemic review on LT with 2350 patients consistently found improved overall survival 
(OS) and cancer specific survival after complete metastasectomy7. However, it appears that MT was not usually 
administered prior to LT or that in these cases little is known about the MT administered5,6,8.

In contrast to the aforementioned goal of improving OS with LT, there is a large number of patients with 
widespread mRCC under MT that receive LT for palliation and symptom relief. In mRCC with symptomatic 
metastasis or tumor progression, radiotherapy is deemed an effective treatment especially for bone and brain 
metastasis, while surgery is mostly considered the standard approach for oligo-metastasectomy, for pathologic 
fractures or treatment of spinal compression5,6.
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In conclusion, guidelines and previous studies separately report on the efficacy of a local treatment, either 
before MT to achieve improved OS, or during MT for symptom relief. But there are only few studies on the 
efficacy of LT during MT that demonstrate a survival benefit. Looking at the overall picture of patients receiving 
LT while undergoing a sequence of MT, there is no reliable data on the effects of LT – either to characterize its 
use or to analyze its efficacy.

The aim of this study is to analyze OS in patients who underwent local therapy while receiving medical 
treatment (LT +) in comparison to those who received MT only (LT-).

Patients and methods
Study design and data acquisition
This single center retrospective analysis included 315 out of 401 patients treated at our tertiary cancer center 
(Department of Hematology, Hemostasis, Oncology and Stem Cell Transplantation, Hannover Medical School, 
Hannover) for mRCC. Patients were identified within the observation period between 04/2000 −05/2016. 
Treatment data, patient characteristics and tumor features were evaluated retrospectively on the basis of medical 
records. The data was anonymized prior to storage and stored in the database of Microsoft Access before 
transferred into SPSS software platform (IBM) for statistical analysis. Inclusion criteria for this analysis were 
age > 18 years at diagnosis of metastasis, administration of at least one MT with palliative intent for mRCC. 
Patients with another neoplasia were excluded (Supplementary Table 1). Tumor progression or response to 
treatment was defined by the treating physician based on clinical and/or radiographic evaluation. In this study, 
oligoprogression was defined as localized progression, i.e. progression of a single treated metastasis or several 
metastases in one organ system. Systemic progression refers to the progression of several metastases in at least 
two organ systems.

The ECOG performance status was assessed before and after LT and reported 3  months before or after 
LT, respectively. MT and LT, as well as the staging and supportive therapy were conducted according to local 
standard of care and applicable treatment guidelines as far as available. Local therapies consisted mainly of 
radiotherapy and surgical procedures (Table 2). The latter were mainly used to perform metastasectomies, but 
also occasionally in the event of complications, for example to treat pathological fractures. Last follow up was 
performed on May 15, 2016.

Data handling and storage was performed by physicians and data managers in an anonymized manner 
and in accordance with the Helsinki Declaration in its latest version. Approval was granted by the local ethics 
committee (Hannover Medical School, Nr.: 3172–2016).

Statistical analysis
Patients were grouped for comparison: LT(-) patients receiving only MT and no local therapy, LT(+) patients 
receiving MT and at least one additional LT. For group comparison we only compared the first local therapy. 
The Chi-square test, Mann–Whitney test, Fisher’s exact test and t-test were conducted as applicable. OS was 
calculated from initiation of first MT for mRCC until death or last follow up. Patients lost to follow-up were 
censored at the time of the last documented follow-up. Survival analysis was conducted by application of Kaplan–
Meier analysis and log-rank test. The relationship between survival, tumor features and treatment characteristics 
was analyzed by univariate and multivariate analyses. Univariate analyses included all variables tested previously 
with p < 0.2 between LT(-) and LT(+). Multivariate analyses included parameters from univariate analysis with 
p < 0.2. A two-sided p-value below 0.05 was considered as statistically significant. SPSS was used for statistical 
analysis (IBM, V28, Armonk, New York).

Results
Patient demographics and tumor features
315 out of 401 patients treated for mRCC between April 2000 and May 2016 were eligible. Herein, 315 patients 
with MT were grouped in dependence of at least one administered LT during MT (LT(-): N = 152 (48.3%) and 
LT(+): N = 163 (51.7%)) (Supplementary Table 1).

Overall, there was a predominance of male patients with diagnosis of mRCC and a median age of 61.4 years 
(median, range [r]: 26.4–89.6). Primary T-Stage were 3–4 (52.7%) and low grades (G1-2: 51.2%), with a 
predominance of clear cell histology (77.5%). 94.6% patients underwent previous nephrectomy. Patients within 
LT(+) were younger at diagnosis of metastasis (57.4, (r: 26.4–78.7) vs. 65.7, (r: 33.2–89.6) years, p < 0.05), showed 
favorable tumor grading (G1-2 56.4% vs. 45.3%, p < 0.05) and underwent nephrectomy more often than LT(-) 
patients (97.0% vs. 91.4%, p < 0.05) (Table 1).

Characteristics of metastatic disease
In the overall population, most patients showed a good performance status (ECOG 0–1: 72.1%) and an 
intermediate MSKCC risk score (30.5%), although many values were missing. Patients received 2.7 medical 
treatment lines (mean, r: 1–10) and the most common metastatic sites were lung (53.3%), bones (28.6%) and 
lymph nodes (33.7%).

In a subgroup analysis, LT(+) patients showed a better performance status (ECOG 0–1: 76.1% vs. 67.8%, 
p = 0.06) with similar MSKCC risk, but with less metastatic organ sites (median: 1, (r: 1–8) vs. 2, (r: 0–7), p < 0.05) 
and more lines of MT (mean: 3.2, (r: 1–10) vs. 2.2, (r: 1–8), p < 0.05). Interestingly, liver metastases were less 
common in LT(+) (median: 12.3% vs. 23%, p < 0.05), while lung metastases were equally distributed (median: 
57.7% vs. 48.7%, p = 0.11) (Table 1).
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Treatment characteristics
The most frequently administered LT was radiotherapy (49.1%), followed by surgery (41.7%). The most common 
metastatic sites treated with LT were bone (44.8%), brain (18.4%) and lung (12.9%). Progressive disease during 
MT leading to LT was considered as locally confined progression (oligoprogression) in 41.1% and as systemic 
progression in 42.9% of all patients with a total of 55.8% suffering from symptomatic burden.

The response to systemic treatment measured after LT was rather low and showed a partial response in 
6.7% and a stable disease in 17.2%, but symptom relief was common, with 30.1% showing an improvement in 
symptoms (Table 2). ECOG performance status was good before LT (median 0, (r: 0–4)) and declined after LT 
(median: 1, (r: 0–4)), but did not show a difference between surgery or radiotherapy and did also not decline 
in patients undergoing a sequence of local therapies (Supplementary Table 2). MT mainly consisted of therapy 
targeting VEGF (vascular endothelial growth factor) in first (71.1%), second (53.5%) and third (56.9%) line 

Total cohort N = 315 (100%) LT(+) N = 163 (51.7%) LT(-) N = 152 (48.3%) p-value

Sex 0.96

Male, n (%) 218 (69) 113 (69.3) 105 (69.1)

Female, n (%) 97 (31) 50 (30.7) 47 (30.9)

Age

Primary diagnosis RCCi Age, median (range), years 58 (26–88) 54 (26–78) 61 (32–88)  < 0.05

Diagnosis mRCCj Age, median (range), years 61.4 (26.4–89.6) 57.4 (26.4–78.7) 65.7 (33.2–89.6)  < 0.05

Primary diagnosis RCC

T-Stage 0.25

1–2, n (%) 103 (32.7) 59 (36.2) 44 (28.9)

3–4, n (%) 166 (52.7) 83 (50.9) 83 (54.7)

NA, n (%) 46 (14.6) 21 (12.9) 25 (16.5)

Grading  < 0.05

1–2, n (%) 161 (51.1) 92 (56.4) 69 (45.4)

3–4, n (%) 101 (32.1) 45 (27.6) 56 (36.9)

NAc, n (%) 53 (16.8) 26 (16) 27 (17.7)

Clear cell RCC, n (%) 244 (77.5) 127 (78) 117 (77) 0.73

Nephrectomyk, n (%) 298 (94.6) 159 (97) 139 (91.4)  < 0.05

Diagnosis mRCC – 1st MTc Time period, median (range), months 2.1 (0–167) 2.1 (0–97) 2 (0–167) 0.87

Diagnosis mRCC – 1st LTd Time period, median (range) 17 (0–117) 18 (0–117) NAe

ECOGf 0.06

0–1, n (%) 227 (72.1) 124 (76.1) 103 (67.8)

 ≥ 2, n (%) 14 (4.4) 4 (2.5) 10 (6.6)

NA, n (%) 74 (23.5) 35 (21.4) 39 (25.6)

MSKCCg 0.30

Favorable, n (%) 34 (10.8) 20 (2.5) 14 (9.2)

Intermediate, n (%) 96 (30.5) 53 (32.5) 43 (28.3)

Poor, n (%) 13 (4.1) 4 (12.3) 9 (5.9)

NA, n (%) 172 (54.6) 86 (52.7) 86 (56.6)

No. of metastasized organs, median, (range)h 2 (0–8) 1 (1–8) 2 (0–7)  < 0.05

Lung, n (%) 168 (53.3) 94 (57.7) 74 (48.7) 0.11

Bones, n (%) 90 (28.6) 45 (27.6) 45 (29.6) 0.69

Liver, n (%) 55 (17.5) 20 (12.3) 35 (23)  < 0.05

Lymph nodes, n (%) 106 (33.7) 55 (33.7) 51 (33.6) 0.97

Soft tissue, n (%) 27 (8.6) 15 (9.2) 12 (7.9) 0.68

Kidney, n (%) 32 (10.2) 12 (7.4) 20 (13.2) 0.09

Local recurrence, n (%) 28 (8.9) 9 (5.5) 19 (12.5)  < 0.05

Brain, n (%) 6 (1.9) 3 (1.8) 3 (2) 0.93

Number of MT, mean, range 2.7 (1–10) 3.2 (1–10) 2.2 (1–8)  < 0.05

Table 1.  Patient and tumor characteristics with characteristics and patterns of disease at diagnosis of 
mRCC stage. a) Medical treatment + local therapy b) Medical treatment only c) Medical treatment d) Local 
therapy e) Not available f) Eastern Cooperative Oncology Group g) Memorial Sloan Kettering Cancer 
Center h) Multilocular organ metastases possible i) Renal cell carcinoma j) Metastatic renal cell carcinoma 
k) Cumulative number of primary partial/complete nephrectomy, as well as cytoreductive nephrectomies. 
Characteristics of the eligible cohort is displayed (total cohort), as well as those of the subgroups, either 
receiving additional local therapies (LT(+)) during medical treatment or not (LT(-)).
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Total cohort N = 315 (100%) LT(+)a N = 163 (51.7%) LT(-) N = 152 (48.3%)

LTb, type

RTxc, n (%) 80 (49.1) 80 (49.1) 0 (0)

Surgery, n (%) 68 (41.7) 68 (41.7) 0 (0)

RFAd, n (%) 4 (2.5) 4 (2.5) 0 (0)

MWAe, n (%) 0 (0) 0 (0) 0 (0)

SIRTf, n (%) 2 (1.2) 2 (1.2) 0 (0)

Others, n (%) 9 (5.5) 9 (5.5) 0 (0)

No. of MTg

Before LT, n, median (range) 1 (0–6) 1 (0–6) NAl

After LT, n, median (range) 1 (0–7) 1 (0–7) NAl

Target organ of LT

Bones, n (%) 73 (44.8) 73 (44.8) NAl

Kidney, n (%) 7 (4.3) 7 (4.3) NAl

Lung, n (%) 21 (12.9) 21 (12.9) NAl

Liver, n (%) 10 (6.1) 10 (6.1) NAl

Lymph nodes, n (%) 18 (11) 18 (11) NAl

Brain, n (%) 30 (18.4) 30 (18.4) NAl

Skin, n (%) 3 (1.8) 3 (1.8) NAi

Othersm, n (%) 27 (16.6) 27 (16.6) NAl

Total number of administered LTh, n 189 189 NAl

Status before LT

Local PD, n (%) 67 (41.1) 67 (41.1) NAl

Systemic PD, n (%) 70 (42.9) 70 (42.9) NAl

NEi, n (%) 26 (16) 26 (16) NAl

Best systemic response after LT

Partial response, n (%) 11 (6.7) 11 (6.7) NAl

Stable disease, n (%) 28 (17.2) 28 (17.2) NAl

Progressive diseasej, n (%) 80 (49.1) 80 (49.1) NAl

Mixed response, n (%) 6 (3.7) 6 (3.7) NAl

NE due to death, n (%) 20 (12.2) 20 (12.2) NAl

NE, n (%) 18 (11.1) 18 (11.1) NAl

ECOGk

Before LT, Median (range) 0 (0–4) 0 (0–4) NAl

After LT, Median (range) 1 (0–4) 1 (0–4) NAl

Clinical symptoms

Before LT

Yes, n (%) 91 (55.8) 91 (55.8) NAl

No, n (%) 29 (17.8) 29 (17.8) NAl

NE, n (%) 43 (26.4) 43 (26.4) NAl

After LT

No change, n (%) 12 (7.4) 12 (7.4) NAl

Improved, n (%) 49 (30.1) 49 (30.1) NAl

Worsened, n (%) 16 (9.8) 16 (9.8) NAl

NAl/NE n (%) 86 (52.7) 86 (52.7) NAl

Table 2.  Characteristics and patterns of first local therapy (LT). a) Medical treatment + local therapy b) Local 
therapy c) Radiotherapy d) Radiofrequency ablation e) Microwave ablation f) Selective internal radiation 
therapy g) Medical treatment h) 20 patients had simultaneous multilocular local therapy i) Not evaluable 
j) Progressive disease (clinical and radiological judgement) k) Eastern Cooperative Oncology Group l) Not 
available m) Including all sites of metastases other than those mentioned above and sites, that have not been 
described in detail.
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therapy. CPI only accounted for 1.3%, 1.3% and 3.9% respectively, while cytokine therapy was still performed in 
first-, second-, and third-line therapy with 12.1%, 0.9% and 1.3% of patients, respectively (Supplementary Table 
3).

Outcome
With a follow-up period of 24 months, the median OS in the total study population was 30.7 months (95%-CI: 
25.2–36.2 months). Although the median OS in LT(+) was numerically higher compared to LT(-), the difference 
was not significant (35.9 (95%-CI: 29.8–42.0) vs. 20.3 (95%-CI: 10.3–30.3) months, p = 0.117, log-rank (Fig. 1a)). 
No difference was identified in OS between LT(+) and LT(-) in the subgroup of patients receiving LT within 3, 6 
or 9 months after starting MT (data not shown). However, a comparison of LT(-) with patients who received LT 
within 6 months and later than 6 months, revealed a significant improvement in the median OS for patients with 
late LT (LT(-): 20.3 (95%-CI: 10.3–30.3) vs. LT(+) ≤ 6 M: 24.1 (95%-CI: 18.6–29.6) vs. LT(+) > 6 M: 43.0 (95%-CI 
32.2–36.2) months, p = 0.005, log-rank (Fig. 1b)).

In the subgroup analysis of patients with radiotherapy vs. LT(-) there was no difference in the median OS 
(29.8 (95%-CI: 24.2–35.4) vs. 20.3 (95%-CI: 10.3–30.3) months, p = 0.89, log-rank (Fig.  2a)). There was an 
improved median OS for patients with surgery compared to LT(-) (49.6 (95%-CI: 34.7–64.5) vs. 20.3 (95%-CI: 
10.3–30.3) months, p = 0.01, log-rank (Fig. 2b)).

Further analysis of LT(-) compared to LT(+) diagnosed with either local or systemic disease progression also 
revealed an association of improved OS with LT for local disease progression i.e. oligoprogression (20.3 (95%-
CI: 10.3–30.3) vs. 44.0 (95%-CI: 31.5–56.5) vs. 29.6 (95%-CI: 23.4–35.8) months, p = 0.03, log-rank (Fig. 2c)).

Univariate and multivariate analysis
In univariate analysis tumor grading, nephrectomy, ECOG, the number of metastasized organs, the application 
of radiotherapy, the application of LT before or after 6 months, the type of progression before LT, number of MT, 
the presence of lung metastases and the presence of a clear cell histology was associated with a significant impact 
on overall survival. In multivariate analysis the application of LT after 6 months, a local progression before LT 
(i.e. oligoprogression), an administered MT above mean and the presence of a clear cell histology was associated 
with improved overall survival (Supplementary Tables 4 and 5).

Discussion
This retrospective single center analysis was designed to elucidate the characteristics and efficacy of LT within 
the context of sequential MT of mRCC comparing the outcome in LT(+) and LT(-) patients.

Overall, 315 patients were included with baseline characteristics showing mostly a typical mRCC population5. 
While patients were notably young (median 58 years), patients were even younger in the LT(+) group (median 54 
vs. 61 years). Therefore, young age, as well as low tumor grading in LT(+), possibly reflect a plausible biological 
selection process in the utilization of LT. Nevertheless, there was no difference in ECOG performance status, 
or MSKCC risk score between LT(+) and LT(-), although risk assessment was insufficient in our cohort. LT(+) 
patients received more lines of MT, while MT was mainly VEGF-based reflecting the standard of care during 
our observation period. Only 1.3% of patients received CPI as first line therapy, meaning all findings should be 
interpreted within the context of a shift towards CPI-based therapy as the current standard of care. Our results 
cannot be generalized.

Radiotherapy (49.1%) and surgery (41.7%) were the most common administered local therapies during MT, 
and a broad variety of metastatic locations was addressed. Looking at tumor response it must be noted that 
41.1% showed a localized progression, clinically most likely to be regarded as oligoprogression during MT prior 
to LT. Best systemic response was expectably low (6.7%), but symptomatic relief frequent (30.1%). In summary, 
response to LT shows some benefit in selected patients within a mixed cohort defined by type and localization 
of LT.

When assessing treatment results, our study revealed a median OS of 30.7 months comparable to the pivotal 
phase 3 trial of pazopanib vs. sunitinib with 28.3, respectively 29.1 months, reflecting the era dominated by 
VEGFR-inhibition9. This finding reflects the observation period. Most importantly, there was no clear OS 
benefit for all LT(+) patients, but a notable trend was observed and further analysis identified subgroups with a 
substantial benefit of LT during sequential MT. Firstly, an association with improved OS was found in patients 
who underwent LT later than six months after starting MT. Secondly, patients with localized disease progression 
showed improved OS with the use of LT. Consequently, we would conclude that patients who achieved a durable 
tumor control through MT and showed limited disease progression – especially oligoprogression – were most 
likely to benefit from LT in terms of OS. Both findings are additionally supported by multivariate analysis, while 
LT(+) patients with surgery and radiotherapy failed to show a significant benefit.

In general, a benefit of metastasectomy postponing initiation of MT and improving OS has been widely 
accepted7. However, incorporation of LT or metastasectomy into sequential MT has rarely been studied 
before10,11. The only study similar to ours, but much smaller, compared 75 patients with mRCC and MT. 26 
of these patients had a complete metastasectomy and 23 had an incomplete metastasectomy after at least one 
targeted therapy. Herein, a notable OS benefit was associated with complete metastasectomy vs. MT only (5.1 vs. 
2.4 years), but many aspects outlined in our study were not covered10.

There is a limited number of studies on radiotherapy that indicate a benefit of local radiotherapy in oligo-
progressive mRCC12–14. Although none of these studies includes a comparator arm, all of them show an 
exceptional rate of local tumor control (above 90%) and a progression free survival of 9 to 10 months without a 
change in MT. This data may support our notion that LT may not only delay the necessity for a change in MT, 
but could also be suitable for improving the outcome for the patients. This hypothesis is further supported by 

Scientific Reports |        (2025) 15:27843 5| https://doi.org/10.1038/s41598-025-10926-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Time (months)

0 01 02 03 04 05 06 07 08 09 001 011 021 031 041 051

Pr
op

ab
ili

ty
 o

f s
ur

vi
va

l (
%

)

1,0

0,8

0,6

0,4

0,2

0,0

LT(-) censored
LT(+) censored
LT(-)
LT(+)

Number at risk

LT(-)

LT(+)

152

163

62

110

32

57

16

29

9

8

2

1

3

3 0 0

2 2

Time (months)

0 01 02 03 04 05 06 07 08 09 001 011 021 031 041 051

Pr
op

ab
ili

ty
 o

f s
ur

vi
va

l (
%

)

1,0

0,8

0,6

0,4

0,2

0,0

LT(-)
LT(+) ≤ 6M
LT(+) > 6M
LT(-) censored 
LT(+) ≤ 6M censored 
LT(+) > 6M censored

Number at risk

103

60

62

29

32

10

16

4

9

1

3

1 1

2 2 2

0 0LT(+ ) ≤  6M

LT(+ ) > 6M 81 47 25 7 2 0 0 0

152LT(-)

a

b

Fig. 1.  Overall survival in all mRCC patients with and without local treatment (LT(+); LT(-)) initiated during 
medical treatment a) OS of LT(+) vs. LT(-) 35.9 (95%-CI: 29.8–42.0) vs. 20.3, (95%-CI: 10.3–30.3) months, 
log-rank p = 0.117). b) OS in of LT(+) vs. LT(-) in dependence of LT initiation, either within 6 months 
(LT(+) ≤ 6 M), or beyond 6 months (LT(+) > 6 M) after initiation of medical treatment (LT(-): 20.3 (95%-CI: 
10.3–30.3) vs. LT(+) ≤ 6 M: 24.1 (95%-CI: 18.6–29.6) vs. LT(+) > 6 M: 43.0 (95%-CI 32.2–36.2) months, log-
rank p = 0.005).
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Fig. 2.  Overall survival in subgroups in dependence of the administered LT modality a) LT(+) of patients 
receiving radiotherapy as first LT(+) vs. LT(-) (LT(+): 29.8 (95%-CI: 24.2–35.4) vs. LT(-): 20.3 (95%-CI: 
10.3–30.3) months, log-rank, p = 0.89). b) LT(+) of patients receiving surgery as first local therapy vs. LT(-) 
(LT(+): 49.6 (95%-CI: 34.7–64.5) vs. (LT(-): 20.3 (95%-CI: 10.3–30.3) months, log-rank p = 0.01). c) LT(-) vs. 
LT(+) with patients defined by local progression of mRCC vs. LT(+) defined by systemic progression of mRCC 
(LT(-): 20.3 (95%-CI: 10.3–30.3) vs. LT(+) local PD: 44 (95%-CI: 31.5–56.5) vs. (LT(+) systemic PD: 29.6 (95%-
CI: 23.4–35.8) months, log-rank p = 0.03).
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a retrospective analysis of 55 patients treated with radiotherapy for oligo-progressive disease showing an OS 
benefit when continuing MT after radical LT15.

Summarizing previous studies on surgery and radiotherapy in the context of MT, some patients seem to 
benefit from a combined approach in regard to improved OS. This ultimately supports the current guideline 
recommendations, which suggest an emerging role of LT in oligoprogression and highlight the importance of 
our findings5. In addition, our results emphasize the importance of patient selection by timing and type of 
progression, rather than demonstrating a general benefit of LT or any type of LT.

While the nature of our analysis does not allow a distinct conclusion on the underlying mechanism, it can be 
assumed that patients with a better response to MT also benefit from LT. In an analysis of Santini et al. they were 
able to show an advantage in terms of disease-free survival when complete remission was achieved with systemic 
therapy in combination with local therapy compared to systemic therapy alone16. Nevertheless, we assume that 
a generally more favorable tumor biology is associated with oligoprogression and later use of LT after the start 
of MT. Whilst this may not be surprising, as far as we know there is no comparable data on the timing of LT use 
compared to MT.

As far as we know, this is the most comprehensive study analyzing the effects of LT during MT. We provide 
low evidence for a benefit of LT in patients during MT for mRCC. Patients characterized by the duration of 
MT (> 6 months) prior to LT and most importantly by type of progression (oligoprogression), might benefit 
the most, very likely due to an indolent disease course and a distinct tumor biology. Therefore, we propose to 
consider LT for the treatment of selected patients who fulfil these criteria during MT.

Limitations of our study are its retrospective nature and a significant selection bias including a higher 
proportion of beneficial disease characteristics in the LT(+) group. The latter is made more difficult to assess 
by the lack of data in the MSKCC documentation. Our results should therefore be regarded as hypothesis-
generating. Moreover, due to the selected observation period only few patients received CPI or a combination 
therapy. Hence, our study does not reflect the current standard of care. However, we do believe that the analysis 
of a large cohort, undergoing sequential treatment with VEGF-inhibition, mTOR-inhibition, cytokines and CPI, 
adds substantial knowledge to our understanding of LT during MT in mRCC, especially as VEGFR-inhibition 
still is a pillar of therapy. Further analyses are warranted as additive local therapy could provide significant 
survival benefits when administered to appropriate patients.

Data availability
Data is provided within the manuscript and the supplementary information. The datasets generated during the 
current study are available from the corresponding authors on reasonable request.
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