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TKI Therapien verbesserten das OS in den frühen 
2000er

Motzer et al. Journal of clinical oncology 20, 289–296 (2002).  

Overall and Progression-Free Survival Distribution

The median overall survival time was 13 months (95%
CI, 12 to 15 months) (Fig 1). Sixty-one (13%) of the 463
patients remain alive, and the median follow-up time for
survivors was 46 months (range, 1 to 181 months). The
proportion of patients surviving at 1 year was 54%. The
2-year, 3-year, and 5-year survival proportions were 30%,
19%, and 10%, respectively.
Fifty-seven patients remained progression-free after treat-

ment with interferon-! at last follow-up. The median
progression-free survival time was 4.7 months (95% CI, 4.1
to 5.3 months) (Fig 2). The proportions of progression-free
patients at 4, 6, 12, 24, and 36 months were 55%, 42%,
24%, 14%, and 8%, respectively.

Univariate Survival Analysis
Factors considered in the univariate survival analyses

included number and site of metastases, prior nephrectomy,
prior radiotherapy, Karnofsky performance status, and base-
line biochemical parameters (Tables 4 and 5). Clinical features
associated with an adverse prognosis included presence of
hepatic metastasis, Karnofsky performance status less than
80%, lack of prior nephrectomy, and a time interval from
disease diagnosis to treatment of less than 1 year.
The biochemical parameters found to be significant for an

adverse prognosis included low serum albumin, elevated
serum alkaline phosphatase, low hemoglobin, elevated se-
rum LDH level, and a high corrected serum calcium level.

Multivariate Survival Analysis
The nine variables outlined above were included in the

multivariate analysis. The five most significant risk factors that
predicted survival were hemoglobin, LDH, corrected calcium,
Karnofsky performance status, and interval from diagnosis to
treatment. Liver metastases reached a marginal significance
level (P ! .02) and was not kept in the final model.

Risk Groups
Five risk factors were used to create the risk model: low

Karnofsky performance status (" 80%), high LDH (# 1.5
times the upper limit of normal), low serum hemoglobin,
high corrected serum calcium (# 10 mg/dL), and time from
initial diagnosis to interferon-! of less than 1 year. The
cut-points for LDH and hemoglobin were found by the
minimum P-value approach.8,21 A Cox model was fit using
the categorical versions of the variables (Tables 6 and 7).
Each patient was then assigned to one of three risk groups:
those with zero risk factors (favorable risk), those with one
or two (intermediate risk), and those with three or more
(poor risk).
There was a significant difference in the survival profiles

of the three risk groups (P " .0001) (Fig 3). The median
survival time for the 18% of favorable-risk patients was 30
months, and the 1-year, 2-year, and 3-year survival rates
were 83%, 55%, and 45%, respectively. Sixty-two percent
of patients were in the intermediate-risk group, and the
median survival time for this group was 14 months, with
1-year, 2-year, and 3-year survival rates of 58%, 31%, and
17%, respectively. The poor-risk group comprised 20% of
patients and had a median survival of 5 months, with 1-year,
2-year, and 3-year survival rates of 20%, 6%, and 2%.
Progression-free survival for patients was calculated

according to risk group. The median progression-free sur-
vival increased from 2.5 to 5.1 to 8.3 months in poor-risk,
intermediate-risk, and favorable-risk groups, respectively
(Table 8).

Fig 1. Survival time in 463 patients with advanced RCC treated with
interferon-!; 61 patients were alive at last follow-up, indicated by ⎪.

Fig 2. Progression-free survival in 463 patients with advanced RCC
treated with interferon-!; 57 remain progression-free at end of follow-up,
indicated by ⎪.
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Die heutige Therapielandschaft ist wesentlich bunter
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1. Motzer et al., ASCO, 2002. PMID: 11773181. 2. Motzer at al., J Clin Oncol, 2008. 3. Motzer et al., Cancer, 2022. PMID: 35383908.  
McKay et al., J Clin Oncol, 2018. PMID: 30372392. U.S. Food and Drug Administration  
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Leitlinien empfehlen IO-Kombinationstherapie
7.7 Flowchart zur Systemtherapie des klarzelligen Nierenzellkarzinoms  
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7.7 Flowchart zur Systemtherapie des klarzelligen Nierenzellkarzinoms  

 

Abbildung 1: Flowchart zur Systemtherapie des klarzelligen Nierenzellkarzinoms 
 

Download als pdf unter: 
https://www.leitlinienprogramm-
onkologie.de/leitlinien/nierenzellkarzinom/  

Leitlinienprogramm Onkologie | Nierenzellkarzinom | Kurzversion 4.0 | Februar 2023 https://www.onkopedia.com/de/onkopedia/guidelines/nierenzellkarzinom-hypernephrom/@@guideline/html/index.html
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Warum sind Kombinationen so 
erfolgreich?
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>50% der Patient:innen erhalten im Alltag keine 
Folgetherapie

aFrance, Germany, Italy, Spain, United Kingdom. 
2L, second-line; RCC, renal cell carcinoma. 
1. Kantar Health, Treatment Architecture: Renal Cell Carcinoma. Cancer Mpact®. EU5. 2020;1ꟷ89.

Survey among 103 
physicians who 
treated overall 
4.509 patients in 5 
European 
countriesa in 20201. 
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Ipilimumab + Nivolumab ist die erste Studie mit 
reifem 5-Jahres OS (nur Pts. ≥1 Riskofaktor gezeigt)

Motzer, R.J. et al. Conditional survival and 5-year follow-up in CheckMate 214: first-line nivolumab plus ipilimumab versus sunitinib in advanced renal cell carcinoma. ESMO 2021: 661P.
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Therapy-naive clear cell RCC	
(N = 651)

Nivolumab 240 mg Q2W IV +	
Cabozantinib 40mg PO QD

Sunitinib 50 mg (4/2)

CM 9ER3
1o EP: PFS

*JAVELIN Renal 1012
Therapy-naive clear cell RCC	

(N = 886)
Avelumab 10 mg/kg IV Q2W +	

Axitinib 5 mg PO BID in 6-wk cycles

Sunitinib 50 mg PO (4/2)

1o EP: PFS/OS 	
PD-L1+ pts

Therapy-naive clear cell RCC	
(N = 861)

Pembrolizumab 200 mg IV Q3W +	
Axitinib 5 mg PO BIDKEYNOTE 4261 1o EP: PFS/OS

Sunitinib 50 mg PO QD (4/2)

1. Rini et al. NEJM, 2019. PMID: 30779529. 2. Motzer et al. NEJM, 2019. PMID: 30779531. 3. Choueiri et al. NEJM, 2021. PMID: 33657295. 4. Motzer et al, NEJM, 2021. PMID: 
33616314. 

Therapy-naive clear cell RCC	
(N = 1069)

Pembrolizumab 200 mg Q3W IV +	
Lenvatinib 20mg PO QD

Sunitinib 50 mg (4/2)

CLEAR4

1o EP: PFS/OS
Everolimus 5 mg PO QD+	
Lenvatinib 18 mg PO QD

Design der zugelassenen TKI-IO Kombinationstherapien 

*without significant OS benefit
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Rini. ASCO 2021. Abstr 4500.

HR: 0.73 	
(95% CI: 0.60-0.88;	
P <.001)
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in the absence of head-to-head studies, cross trial comparisons cannot be made as the trials differ in design, 
size, time period of recruitment, location of study sites etc.
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Haanen J, et al. ASCO21: 4574

TKI-IO Kombinationen verbessern das ORR & PFS

Powles et al. ASCO GU 2022: 350269 Motzer et al. ASCO GU 2021

HR: 0.68 	
(95% CI: 0.58-0.80;	
P <.0001)
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Patientencharakteristika unterscheiden sich 
zwischen den Studien
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Motzer et al. Lancer Oncol 2019 http://dx.doi.org/10.1016/S1470-2045(19)30413-9. Motzer et al. N Engl J Med NEJMoa1816047 (2019). doi:10.1056/NEJMoa1816047. Rini, 
B. I. et al. N Engl J Med NEJMoa1816714–12 (2019). Motzer, R. et al. New Engl J Med (2021) doi:10.1056/nejmoa2035716. Choueiri et al. ESMO22: LBA8. Choueiri, et al. ESMO 
Open 2021;6.DOI 10.1016/j.esmoop.2021.100101. Tannir et al. ESMO22: LBA68

http://dx.doi.org/10.1016/S1470-2045(19)30413-9


© Universitätsmedizin Essen
13

Sicherheitsparameter variieren zwischen den 
verschiedenen Studien
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Motzer et al. Lancer Oncol 2019 http://dx.doi.org/10.1016/S1470-2045(19)30413-9. Motzer et al. N Engl J Med NEJMoa1816047 (2019). doi:10.1056/NEJMoa1816047. Rini, B. I. et 
al. N Engl J Med NEJMoa1816714–12 (2019). Motzer, R. et al. New Engl J Med (2021) doi:10.1056/nejmoa2035716. Choueiri et al. ESMO22: LBA8.  

http://dx.doi.org/10.1016/S1470-2045(19)30413-9
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IO-Kombinationstherapien verbessern das 
Überleben unserer Patient:innen
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(2002). Motzer RJ et al. N Engl J Med 2014;370:1769–1770. Motzer, R.J. et al. ESMO 2021: 661P. Hutson et al. ASCO Abstract 4502. Rini et al. ASCO 2023: LBA4501
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IO-TKI Kombinationen beeinflussen vor allem die 
Frühsterblichkeit 
(HR wurden zu verschiedenen Zeitpunkten gemessen und sind nicht vergleichbar)
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1. Motzer et al. NEJM 2108: doi: 10.1056/nejmoa1712126  2. Motzer et al. Lancet Oncol 2019, 20: 1370-1385. 3.Motzer, R. J. et al. J Immunother Cancer 8, e000891 (2020). 4. Albiges, L. et al. 
Esmo Open 5, e001079 (2020). 5. Rini et al. NEJM 2019, DOI: 10.1056/NEJMoa1816714. 6. EPAR Pembrolizumab www.ema.europa.eu 7. Plimack ASCO 2020: abstr. 5001. 8. Powles et al. 
Lancet Oncol 2020: doi.org/10.1016/S1470-2045(20)30436-8. 9. Rini et al. ASCO 2021: abstr. 4500. 10. Choueiri et al. NEJM 2021;384:829-41. DOI: 10.1056/NEJMoa2026982. 11. Motzer et 
al. ASCO GU 2021: abstr. 308. 12. Motzer et al. DOI: 10.1056/NEJMoa2035716. 13. Porta et al. ESMO 2022: 1449MO. Burotto et al. ASCO GU23: 603 Motzer et al. ASCO 23: 4502. Rini et al. 
ASCO23: 4501
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Europas Initiative zur Beantwortung dieser 
Fragestellung

MISS_CANCER _Pragmatic clinical trial 
 

11 
CARE 1_SEP-210887534 

Multilingual EHR 
analysis and 
extraction 
(UKESSEN) 

3 6 We will design and deploy new multilingual tools for natural language 
understanding which will allow for obtaining rich and accurate extracted 
concepts and relations between concepts and map them onto a newly generated 
knowledge base. 

Federated imaging 
data access 
(SERMAS) 

3 6 We will design, implement and test an imaging data repository enabling access 
to the data in a federated way, in order to allow analytics tools to execute 
queries to a central entry point hindering the complexity of data heterogeneity. 

 
1.2 Methodology 
 
1.2.1 Overall Methodology  
 
CARE 1 PCT STUDY DESIGN 
CARE 1 PCT is a multicenter, randomized, controlled Phase 3 trial of ICI-ICI combination with nivolumab and 
ipilimumab versus VEGFR-TKI- ICI combination (axitinib-pembrolizumab, nivolumab – cabozantinib, lenvatinib- 
pembrolizumab, axitinib-avelumab according to choice of investigator depending on available agent). Approximately 
1200 eligible subjects with intermediate- or poor-risk advanced or metastatic RCC by IMDC criteria will be 
randomized in a 1:1 ratio at approximately 100 sites.  
 
Primary objective: To compare the overall survival of IO-IO (nivolumab – ipilimumab) to IO-TKI in intermediate 
and poor risk participants with previously untreated mRCC 
Secondary objectives: Quality of Life, Objective Response Rate, Duration of Treatment, Time to subsequent therapy, 
Safety: SAE non related to disease progression &Treatment Related Grade3-4 AE, Efficiency through a cost-utility 
analysis 
Primary end-point: Overall Survival (OS) will be defined as the time from the date of randomization to the date of 
death due to any cause. Any patient not known to have died at the time of analysis will be censored based on the last 
recorded date on which the patient was known to be alive. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: CARE 1 PCT study design 
 
Each subject’s course of treatment will consist of the following phases: 
 
Phase 1: Pre-Treatment Period: Potential subjects will be screened to determine whether they meet the required 
eligibility criteria. Qualifying screening assessments must be performed within 28 days before randomization unless 
otherwise specified. 
 
Phase 2: Treatment Period: Subjects who meet all study eligibility criteria will be randomly assigned in a 1:1 
fashion to receive SOC study treatment as follows: 
ICI-ICI arm: nivolumab (3 mg/kg infusion, q3w) x 4 doses + ipilimumab (1 mg/kg infusion, q3w) x 4 doses, followed 
by nivolumab infusion (480 mg flat dose q4w). Nivolumab will be administered for a maximum of 2 years. 
VEGFR-TKI- ICI arm (choice of investigator): 

MISS_CANCER _Pragmatic clinical trial 
 

3 
CARE 1_SEP-210887534 

 
Figure 1: CARE 1 vision 

OBJECTIVES EXPLANATION 
Objective 1: To compare two 
SOC regimen (ICI-ICI vs ICI-
VEGFR TKI) in a randomized 
phase III Pragmatic clinical 
Trial 
 
 Addressed in WP 1 

To date, there is no treatment decision tool between the 2 approved standard 
approaches available. Indeed, within individual, there is a lack of predictive 
tool to select the optimal treatment. An academically performed randomized 
head-to-head comparison of the 2 SOC approaches currently routinely 
available is conducted. This prospective study will demonstrate superiority of 
one approach over the other in a biomarker defined population.  

Objective 2: To use PD-L1 as 
a routinely stratification 
biomarker and to develop a 
pathomic AI approach to 
inform treatment decision 
 
 Addressed in WP2 

PD-L1 staining is, to date not routinely performed for metastatic RCC. As for 
other tumor types , there is currently no standardization in the way this 
biomarker is analyzed and pivotal studies used distinct antibodies as well as 
distinct analysed cells adding to the confusion of this biomarker use. 
CARE-1 will (i) provide a standardized local assessment procedure, (ii) assess 
reproducibility and concordance by independent centralized lab; (iii) focusing 
on PD-L1 staining will develop a commercialized AI tool for PD-L1 
assessment in mRCC; (iv) explore distinct AI based pathomic staining 
predictive of response to ICI-ICI vs. ICI-VEGFR TKI by exploring both a 
supervised and unsupervised approach aiming at a predictive commercialized 
AI tool for ICI-ICI vs ICI-VEGFR TKI approach. 

Objective 3: To validate new 
Quality of Life tool assessment 
and implement a Patient 
reported Outcome digital tool 
 
 Addressed in WP3 

Friendly-user and secured interface between patients, physicians / study nurse 
and researchers will be used for local and remote applications, such as: 1) 
automatic lifestyle recording (tobacco use control, dietary behaviorism, 
applications for physical exercise), 2) extraction of patient reported outcome, 
3) patient telemonitoring for Adverse Events and/or undercurrent events. The 
output for exploitation will be an all-in-one sharing platform to perform 
personalized telemonitoring. 
Developing QoL questionnaire specific to mRCC receiving ICI-based 
combination regimen in the metastatic setting, prospective validation of a new 
QoL tool. 
Both digital monitoring app and QoL questionnaire will be developed in 
collaboration with Patient Advocacy Groups at the international and national 
levels. 
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Wie sehen die Langzeitergebnisse der 
TKI-IO Kombinationen aus?  
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TKI-IO Studien mit Langzeitdaten

ccRCC	
(N = 861)

Pembrolizumab 200 mg IV Q3W +	
Axitinib 5 mg PO BID

KEYNOTE 4262

Sunitinib 50 mg PO QD (4/2)

ccRCC	
(N = 1069)

Pembrolizumab 200 mg Q3W IV +	
Lenvatinib 20mg PO QD

Sunitinib 50 mg (4/2)

CLEAR1

Everolimus 5 mg PO QD+	
Lenvatinib 18 mg PO QD

1. Motzer et al, NEJM, 2021. PMID: 33616314.  2. Rini et al. NEJM, 2019. PMID: 30779529.

medianes FU (IQR): 49.8 Mo. (41.4–53.1) FU: 5 Jahre
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Objektivierbare Remissionsrate

Hutson et al. ASCO 2023: #4502
Rini et al. ASCO 2023: LBA4501

CLEAR: Lenvatinib + Pembrolizumab KN426: Axitinib + Pembrolizumab



PRESENTED BY: Thomas E. Hutson

CLEAR: Tiefe der Remission ist prognostisch relevant 
20

Near-CR refers to partial responders who showed a maximum tumor reduction of ≥ 75%.

Abstract 4502
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Progressionsfreies Überleben

Hutson et al. ASCO 2023: #4502 Rini et al. ASCO 2023: LBA4501

?

CLEAR: Lenvatinib + Pembrolizumab KN426: Axitinib + Pembrolizumab
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Finale Gesamtüberlebensdaten der Phase 3 Studien 

CLEAR: Lenvatinib + Pembrolizumab KN426: Axitinib + Pembrolizumab

Hutson et al. ASCO 2023: #4502 Rini et al. ASCO 2023: LBA4501
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Sind Studienunterschiede relevant? 
Ergebnisse der Standardtherapie (Sunitinib) der Zulassungsstudien

Studie med. FU 
(Mo.)

CR (%) ORR (%) PFS (Mo.) DOR (Mo.) OS (Mo.)

CM2141 67,7 3,1 32,3 12,3 24,8 38,4

KN4262 42,8 3,5 39,6 11,1 15,3 40,1

JR1003 11,6 1,8 25,7 8,4 - -

CM9ER4 44,0 5,2 28,4 8,4 15,2 35,5

CLEAR5 27,0 4,2 36,1 14,6 14,6 54,3

1.Motzer et al. Cancer 2022. 2. Rini et al. ASCO 2021: 4500. 3. Choueiri TK et al. (2020) doi:10.1016/j.annonc.2020.04.010. 4. Haanen J, et al. Abstract No. 
4574. Presented at 2021 ASCO Annual Meeting, June 4-8, 2021 5. Burotto et al. ASCO GU 2023: 603. 6. Motzer. et al. (2021) doi:10.1056/nejmoa2035716. 
Hutson et al. ASCO 2023: #4502



© Universitätsmedizin Essen 24

Folgetherapien unterscheiden sich in den 
Kontrollarmen (Sunitinib) 

0

20

40

60

80

AXI-PEM LEN-PEM CABO-NIVO IPI-NIVO

41,6

31

54,655,9

68

41

68,9
72,9

any therapy IO therapies

Motzer et al. Cancer 2022. Rini et al. ASCO23: 4501. Burotto et al. ASCO GU23: 603. Motzer et al. ASCO 23: 4502.
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s

in the absence of head-to-head studies, cross trial comparisons cannot be made as the trials differ in design, size, time period of recruitment, location of study sites etc.



© Universitätsmedizin Essen 25

Folgetherapien beeinträchtigen das 
Gesamtüberleben

Axitinib + pembrolizumabLenvatinib + pembrolizumab

Rini et al. ASCO 2023: LBA4501

Hutson et al. ASCO 2023: 4502

Data shown indicate effects of subsequent therapies in different trials. Data should not be compared between studies
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IMDC Risiko - reichert für TKI-Sensitivität an 

Heng et al. (2009). Journal of Clinical Oncology, 27(34), 5794–5799. http://doi.org/10.1200/JCO.2008.21.4809 
Motzer et al. 2020, Cancer Cell 38, 1–15, 2020. https://doi.org/10.1016/j.ccell.2020.10.011 

nephrectomy, and a time from initial diagnosis (including original
localized disease) to treatment of less than 1 year. Laboratory features
that were associated with poor OS included anemia, hypercalcemia,
neutrophilia, thrombocytosis, and elevated LDH. Non–clear cell his-
tology and the presence of sarcomatoid features on pathology also
were associated with poor OS. Of note, there were no differences in OS
when patients receiving VEGF-targeted therapy first- or second-line
(P ! .726) were compared or when patients receiving sunitinib, sor-
afenib, or bevacizumab (P ! .764) were compared.

Multivariable Analysis
In the resulting Cox proportional hazards model (Table 3), four

of the five adverse prognostic factors previously identified by
MSKCC13—hemoglobin less than the LLN (P " .0001), serum cor-
rected calcium greater than the ULN (P ! .0006), Karnofsky perfor-
mance status less than 80% (P" .0001) and time from initial diagnosis
to initiation of therapy of less than 1 year (P ! .0098)—were indepen-
dent predictors of short survival. Additionally, absolute neutrophil
count greater than ULN (P " .0001) and platelets greater than ULN
(P ! .0121) were independent adverse prognostic factors. None of the
six variables violated the proportional hazards assumption.

According to these six prognostic factors, patients were segre-
gated into three risk categories. In this study, patients with zero
adverse factors were in the favorable-risk category (n ! 133;
22.7%) in which a median OS was not reached and a 2-year OS was
75% (95% CI, 65% to 82%). Patients with one or two adverse factors
were in the intermediate-risk category (n ! 301; 51.4%), in which a
median OS was 27 months and a 2-year OS was 53% (95% CI, 46% to
59%). Finally, those patients with three to six adverse factors were in
the poor-risk category (n ! 152; 25.9%), in which a median OS was
8.8 months and a 2-year OS was 7% (95% CI, 2% to 16%). The
Kaplan-Meier curves depicting these three risk categories are shown in
Figure 2.

Bootstrap Validation and Model Checking
The stepwise Cox regression procedure was employed with each

of the 300 random bootstrap samples with the same selection criteria
as the original modeling. The frequency of each variable that was
included in the resulting models was very high (Appendix Table A1,
online only). The regression parameters and hazard ratios produced
from the 300 bootstrap samples (Table 4) were remarkably similar to

the original model, which suggests excellent internal validation.
The biased-corrected C-index of this model was 0.73 by a boot-
strap procedure.

Because of the clinical importance of the type of VEGF-targeted
therapy used and whether it was used first- or second-line therapy, the
model was evaluated in these specific patient populations separately.
The C-indexes of the model with the six risk factors, when applied to
these specific populations, ranged from 0.70 (patients on sorafenib) to
0.77 (patients on sunitinib). Additionally, the parameter estimates of
each of the six variables after stratifying for the type of therapy and the
line of therapy were similar to those of the original model (Appendix
Tables A2 and A3, online only).

DISCUSSION

VEGF-targeted therapies have created a new environment for clinical
trials development and patient care in patients with metastatic RCC.
Contemporary prognostic models are required to better stratify pa-
tients in clinical trials, to provide relevant clinical information to
patients receiving therapy, and to facilitate risk-directed treatment
selection in clinical practice.

Table 3. Multivariable Analysis and Final Model

Parameter
Parameter

Estimate # SE
Hazard
Ratio 95% CI P

Clinical
KPS " 80% 0.92 # 0.14 2.51 1.92 to 3.29 " .0001
Time from diagnosis to

treatment " 1 year 0.35 # 0.13 1.42 1.09 to 1.84 .0098
Laboratory

Hemoglobin " LLN 0.54 # 0.14 1.72 1.31 to 2.26 .0001
Calcium $ ULN 0.59 # 0.17 1.81 1.29 to 2.53 .0006
Neutrophil count $ ULN 0.88 # 0.17 2.42 1.72 to 3.39 " .0001
Platelet count $ ULN 0.40 # 0.16 1.49 1.09 to 2.03 .0121

NOTE. Total number of patients ! 564.
Abbreviations: SE, standard error; KPS, Karnofsky performance status; LLN,

lower limit of normal; ULN, upper limit of normal.
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Fig 2. Overall survival probability according to time after therapy initiation and
risk group.

Table 4. Bootstrap Parameter Means, Hazard Ratio Means, 95% CIs,
and Bias-Corrected C-Index

Parameter
Parameter

Bootstrap Mean

Hazard Ratio Bootstrap

Mean 95% CI

KPS " 80% 0.94265 2.594 1.86 to 3.33
Time from diagnosis to

treatment " 1 year 0.36361 1.452 1.07 to 1.84
Hemoglobin " LLN 0.54652 1.744 1.27 to 2.22
Calcium $ ULN 0.61659 1.893 1.11 to 2.68
Neutrophils $ ULN 0.87723 2.459 1.42 to 3.49
Platelets $ ULN 0.40522 1.524 0.99 to 2.06

NOTE. Bias-corrected C-index ! .73.
Abbreviations: KPS, Karnofsky performance status; LLN, lower limit of

normal; ULN, upper limit of normal.
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.

ll
Article

Cancer Cell 38, 1–15, December 14, 2020 5

Please cite this article in press as: Motzer et al., Molecular Subsets in Renal Cancer Determine Outcome to Checkpoint and Angiogenesis Blockade,
Cancer Cell (2020), https://doi.org/10.1016/j.ccell.2020.10.011

clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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nephrectomy, and a time from initial diagnosis (including original
localized disease) to treatment of less than 1 year. Laboratory features
that were associated with poor OS included anemia, hypercalcemia,
neutrophilia, thrombocytosis, and elevated LDH. Non–clear cell his-
tology and the presence of sarcomatoid features on pathology also
were associated with poor OS. Of note, there were no differences in OS
when patients receiving VEGF-targeted therapy first- or second-line
(P ! .726) were compared or when patients receiving sunitinib, sor-
afenib, or bevacizumab (P ! .764) were compared.

Multivariable Analysis
In the resulting Cox proportional hazards model (Table 3), four

of the five adverse prognostic factors previously identified by
MSKCC13—hemoglobin less than the LLN (P " .0001), serum cor-
rected calcium greater than the ULN (P ! .0006), Karnofsky perfor-
mance status less than 80% (P" .0001) and time from initial diagnosis
to initiation of therapy of less than 1 year (P ! .0098)—were indepen-
dent predictors of short survival. Additionally, absolute neutrophil
count greater than ULN (P " .0001) and platelets greater than ULN
(P ! .0121) were independent adverse prognostic factors. None of the
six variables violated the proportional hazards assumption.

According to these six prognostic factors, patients were segre-
gated into three risk categories. In this study, patients with zero
adverse factors were in the favorable-risk category (n ! 133;
22.7%) in which a median OS was not reached and a 2-year OS was
75% (95% CI, 65% to 82%). Patients with one or two adverse factors
were in the intermediate-risk category (n ! 301; 51.4%), in which a
median OS was 27 months and a 2-year OS was 53% (95% CI, 46% to
59%). Finally, those patients with three to six adverse factors were in
the poor-risk category (n ! 152; 25.9%), in which a median OS was
8.8 months and a 2-year OS was 7% (95% CI, 2% to 16%). The
Kaplan-Meier curves depicting these three risk categories are shown in
Figure 2.

Bootstrap Validation and Model Checking
The stepwise Cox regression procedure was employed with each

of the 300 random bootstrap samples with the same selection criteria
as the original modeling. The frequency of each variable that was
included in the resulting models was very high (Appendix Table A1,
online only). The regression parameters and hazard ratios produced
from the 300 bootstrap samples (Table 4) were remarkably similar to

the original model, which suggests excellent internal validation.
The biased-corrected C-index of this model was 0.73 by a boot-
strap procedure.

Because of the clinical importance of the type of VEGF-targeted
therapy used and whether it was used first- or second-line therapy, the
model was evaluated in these specific patient populations separately.
The C-indexes of the model with the six risk factors, when applied to
these specific populations, ranged from 0.70 (patients on sorafenib) to
0.77 (patients on sunitinib). Additionally, the parameter estimates of
each of the six variables after stratifying for the type of therapy and the
line of therapy were similar to those of the original model (Appendix
Tables A2 and A3, online only).

DISCUSSION

VEGF-targeted therapies have created a new environment for clinical
trials development and patient care in patients with metastatic RCC.
Contemporary prognostic models are required to better stratify pa-
tients in clinical trials, to provide relevant clinical information to
patients receiving therapy, and to facilitate risk-directed treatment
selection in clinical practice.

Table 3. Multivariable Analysis and Final Model

Parameter
Parameter

Estimate # SE
Hazard
Ratio 95% CI P

Clinical
KPS " 80% 0.92 # 0.14 2.51 1.92 to 3.29 " .0001
Time from diagnosis to

treatment " 1 year 0.35 # 0.13 1.42 1.09 to 1.84 .0098
Laboratory

Hemoglobin " LLN 0.54 # 0.14 1.72 1.31 to 2.26 .0001
Calcium $ ULN 0.59 # 0.17 1.81 1.29 to 2.53 .0006
Neutrophil count $ ULN 0.88 # 0.17 2.42 1.72 to 3.39 " .0001
Platelet count $ ULN 0.40 # 0.16 1.49 1.09 to 2.03 .0121

NOTE. Total number of patients ! 564.
Abbreviations: SE, standard error; KPS, Karnofsky performance status; LLN,

lower limit of normal; ULN, upper limit of normal.
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Fig 2. Overall survival probability according to time after therapy initiation and
risk group.

Table 4. Bootstrap Parameter Means, Hazard Ratio Means, 95% CIs,
and Bias-Corrected C-Index

Parameter
Parameter

Bootstrap Mean

Hazard Ratio Bootstrap

Mean 95% CI

KPS " 80% 0.94265 2.594 1.86 to 3.33
Time from diagnosis to

treatment " 1 year 0.36361 1.452 1.07 to 1.84
Hemoglobin " LLN 0.54652 1.744 1.27 to 2.22
Calcium $ ULN 0.61659 1.893 1.11 to 2.68
Neutrophils $ ULN 0.87723 2.459 1.42 to 3.49
Platelets $ ULN 0.40522 1.524 0.99 to 2.06

NOTE. Bias-corrected C-index ! .73.
Abbreviations: KPS, Karnofsky performance status; LLN, lower limit of

normal; ULN, upper limit of normal.
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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clusters (Figures 2C and 2D). Atezolizumab + bevacizumab
demonstrated improved OR rate ([ORR]; 52.0% versus
19.4%, p < 0.001) and PFS (HR = 0.52; 95% CI: 0.33–0.82)
versus sunitinib (Figures 2C and 2D) in the T-effector/Prolifera-
tive cluster (no. 4), confirming the contribution of pre-existing
intratumoral adaptive immune presence in determining
benefit to immunotherapy containing regimens. In addition,
atezolizumab + bevacizumab showed improved ORR (26.2%
versus 3.1%, p < 0.001; Figure 2C) and PFS (HR = 0.47; 95%
CI: 0.27–0.82; Figure 2D) in the Proliferative cluster (no. 5),
including in tumors that harbored TFE fusions (Figure S2G),
implicating the relevance of PD-L1 blockade in this low angio-
genesis, but high proliferative subgroup. Atezolizumab + bevaci-
zumab also showed improved PFS (HR= 0.1; 95%CI: 0.01–0.77)
in the snoRNA cluster (no. 7); however, the biological basis
of this effect in this small cluster of patients remains to be
elucidated.
We subsequently compared the HRs obtained above using a

univariate Cox proportional hazard model that only tests treat-
ment arm in each NMF subgroup against a model that included
treatment arm, PD-L1 IHC, andMSKCC clinical risk score. These
multivariate analyses confirmed that the differential clinical

benefit observed in these NMF clusters is independent of PD-
L1 expression and MSKCC prognostic risk (Table S4).
Finally, we also evaluated differentially expressed genes be-

tween responders (complete or partial OR) and non-responders
(progressive disease) within and across treatment arms. In suni-
tinib-treated patients, linear modeling complemented with
MSigDb hallmark gene set enrichment analysis revealed higher
expression of genes associated with the VEGF pathway in tu-
mors from responders and higher expression of cell-cycle-asso-
ciated pathways in tumors from non-responders (Figures S4A
and S4B). Comparison of gene expression in responders with
non-responders treated with atezolizumab + bevacizumab did
not identify any significantly differentially expressed genes (false
discovery rate [FDR] < 0.05).Within responders across treatment
arms, genes associated with proliferation and immune pathways
were enriched in patients responding to atezolizumab + bevaci-
zumab, while genes associated with VEGF signaling (hypoxia)
were enriched in patients responding to sunitinib (Figures S4C
and S4D). No differentially expressed genes (FDR < 0.05) were
observed in non-responders treated with atezolizumab + bevaci-
zumab versus sunitinib. These data confirm and support the
findings from our unbiased NMF classification.
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Figure 2. Association between Transcriptomic Clusters and Clinical Outcomes to Atezolizumab + Bevacizumab or Sunitinib in
Advanced RCC
(A) Bar charts representing NMF cluster distribution by Memorial Sloan Kettering Cancer Center (MSKCC, left panel) or International Metastatic Renal Cell

Carcinoma Database Consortium (IMDC, right panel) clinical risk categories. p values were obtained from Pearson’s chi-square test.

(B) Kaplan-Meier curves of PFS in NMF clusters of patients treated with atezolizumab + bevacizumab or sunitinib.

(C) Bar chart representing OR rate by treatment arm in each NMF cluster. p value was obtained using Pearson’s chi-square test. NE, not evaluable; PD, pro-

gressive disease; SD, stable disease; PR, partial response; CR, complete response; n.s., not statistically significant (p > 0.05); A/B, atezolizumab + bevacizumab;

Sun, sunitinib.

(D) Forest plots for PFS hazard ratios in patients treated with atezolizumab + bevacizumab (A/B) versus sunitinib, by NMF cluster. mPFS, median PFS.
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IMDC Risiko ist die Basis der Empfehlungen in der 
Erstlinie

eUpdate SEP 2021 Powles et al. (www.esmo.org) for reference: Escudier B, Porta 
C, Schmidinger M et al. Ann Oncol 2019; 30(5): 706–720. 

https://uroweb.org/guidelines/renal-cell-carcinoma/chapter/disease-management 
Stand 2023, Zugriff: 28.09.23

http://www.esmo.org
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TKI-IO Combos verbessern die Wirksamkeit bei 
Patient:innen mit ≥1 Risikofaktor

CLEAR KN426 CM9ER

Hutson et al. ASCO 23: 4502 Rini et al. ASCO 23: LBA4501 Burotto et al. ASCO GU 23: 603
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Median PFS (95% CI), months
NIVO+CABO 16.4 (11.2-19.3)
SUN 7.1 (5.7-8.9)
HR (95% CI), 0.55 (0.45-0.69)

in the absence of head-to-head studies, cross trial comparisons cannot be made as the trials differ in design, size, time period of recruitment, location of study sites etc.
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…und das Gesamtüberleben



© Universitätsmedizin Essen

0 6 12 18 24 30 36

42

Months

0

50

75

25

100

Pr
og

re
ss

io
n-

fr
ee

 s
ur

vi
va

l (
%

)

Favorable

54.0%

38.6% 25.4%

16.1%

Median PFS (95% CI), months
NIVO+CABO 21.4 (13.1-24.8)
SUN 13.9 (9.6-18.5)

HR (95% CI), 0.75 (0.50-1.13)

CLEAR KN426 CM9ER

Hutson et al. ASCO 23: 4502 Rini et al. ASCO 23: LBA4501 Burotto et al. ASCO GU 23: 603

in the absence of head-to-head studies, cross trial comparisons cannot be made as the trials differ in design, size, time period of recruitment, location of study sites etc.

TKI-IO Combos verbessern die Wirksamkeit bei 
Patient:innen ohne Risikofaktor (günstiges Risiko)
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Bei günstigem Risiko gibt es kein Signal für ein 
besseres Gesamtüberleben

CLEAR KN426 CM9ER

Hutson et al. ASCO 23: 4502 Rini et al. ASCO 23: LBA4501 Burotto et al. ASCO GU 23: 603
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Sarkomatoide NCC - eine Subgruppe von Tumoren 
mit besonders aggressivem Verlauf

• kommt in allen NCC Subtypen vor 
• entspricht ent-differenziertem NCC 
• Ist keine eigene Entität  
• Ist kein Sarkom

Lopez-Beltran et al. (2009). International Journal of 
Urology 16(5), 432–443. doi:10.1111/
j.1442-2042.2009.02302.x 
Golshayan et al. (2008). Journal of Clinical Oncology  
27(2), 235–241

clear cellsarcomatoid

Motzer, R. J. et al. Cancer Cell (2020) doi:10.1016/j.ccell.2020.10.011. 
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Sarkomatoide NCC sind besonders IO-sensitiv

Tannir N. et al., Clin Cancer Res., 2021. PMID: 32873572. Choueiri, et al. ESMO Open 2021;6.DOI 10.1016/j.esmoop.2021.100101
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Das Nierenzellkarzinom (NCC) besteht aus 
verschiedenen Entitäten 

Dizmanet al. Nat Rev Nephrol 2020: https://doi.org/10.1038/s41581-020-0301-x 
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Neue WHO Klassifikation  
Einführung von molekularen Entitäten in die Diagnostik 

Moch, H. et al. Eur Urol (2022) doi:10.1016/j.eururo.2022.06.016.

Nur noch 1 
pRCC Typ

Molekular 
definierte 
Entitäten
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👉 nicht-klarzelliges Nierenzellkarzinom ist keine Diagnose  
👉 Benenne jede Entität mit Ihrem Namen
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Empfehlungen der Leitlinien zur Systemtherapie 

10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome 
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10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome  

Nr. Empfehlungen/Statements GoR LoE Quellen 

10.4 Das diagnostische und operative Vorgehen sowie die 
Nachsorge soll analog zu den klarzelligen 
Nierenzellkarzinomen erfolgen. 

EK 

10.5 Für die nicht-klarzelligen Nierenzellkarzinome gibt es keine 
entitätsbezogenen Standards. 

EK 

10.6 Bei metastasierten nicht-klarzelligen Nierenzellkarzinomen 
soll keine alleinige Zytokin-basierte Therapie durchgeführt 
werden. 

A 1- [216] 

10.7 Die nicht-klarzelligen Nierenzellkarzinome sollen außerhalb 
von Studien mit einer IO/IO oder IO/TKI Kombination 
analog zu den klarzelligen Nierenzellkarzinomen behandelt 
werden. 

A 1+ 

[217]; [218]; 
[143]; [219]; 
[220]; [221]; 
[222]; [223]; 
[224]; [146] 

10.8 Im Falle einer Monotherapie sollten bei metastasiertem 
nicht-klarzelligen Nierenzellkarzinom TKI-Inhibitoren, 
präferenziell Sunitinib, eingesetzt werden. 

B 1+ 
[225]; [226]; 
[227]; [158] 

10.9 mTOR-Inhibitoren können beim chromophoben 
Nierenzellkarzinom als Alternative eingesetzt werden. 

EK 

10.10 Tyrosinkinase-Inhibitoren können beim nicht-klarzelligen 
Nierenzellkarzinomen eingesetzt werden. 0 2- 

[228]; [229]; 
[230]; [225]; 
[226]; [227]; 
[231]; [158] 

10.11 Metastasierte Nierenzellkarzinome mit sarkomatoidem 
Anteil sollen analog der klarzelligen Nierenzellkarzinome 
mit einer IO/IO oder IO/TKI Kombination behandelt werden. 

EK 

 

  

10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome 

© Leitlinienprogramm Onkologie | Nierenzellkarzinom | Kurzversion - 4.0 | Februar 2023 

44 

10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome  

Nr. Empfehlungen/Statements GoR LoE Quellen 

10.4 Das diagnostische und operative Vorgehen sowie die 
Nachsorge soll analog zu den klarzelligen 
Nierenzellkarzinomen erfolgen. 

EK 

10.5 Für die nicht-klarzelligen Nierenzellkarzinome gibt es keine 
entitätsbezogenen Standards. 

EK 

10.6 Bei metastasierten nicht-klarzelligen Nierenzellkarzinomen 
soll keine alleinige Zytokin-basierte Therapie durchgeführt 
werden. 

A 1- [216] 

10.7 Die nicht-klarzelligen Nierenzellkarzinome sollen außerhalb 
von Studien mit einer IO/IO oder IO/TKI Kombination 
analog zu den klarzelligen Nierenzellkarzinomen behandelt 
werden. 

A 1+ 

[217]; [218]; 
[143]; [219]; 
[220]; [221]; 
[222]; [223]; 
[224]; [146] 

10.8 Im Falle einer Monotherapie sollten bei metastasiertem 
nicht-klarzelligen Nierenzellkarzinom TKI-Inhibitoren, 
präferenziell Sunitinib, eingesetzt werden. 

B 1+ 
[225]; [226]; 
[227]; [158] 

10.9 mTOR-Inhibitoren können beim chromophoben 
Nierenzellkarzinom als Alternative eingesetzt werden. 

EK 

10.10 Tyrosinkinase-Inhibitoren können beim nicht-klarzelligen 
Nierenzellkarzinomen eingesetzt werden. 0 2- 

[228]; [229]; 
[230]; [225]; 
[226]; [227]; 
[231]; [158] 

10.11 Metastasierte Nierenzellkarzinome mit sarkomatoidem 
Anteil sollen analog der klarzelligen Nierenzellkarzinome 
mit einer IO/IO oder IO/TKI Kombination behandelt werden. 

EK 

 

  

10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome 

© Leitlinienprogramm Onkologie | Nierenzellkarzinom | Kurzversion - 4.0 | Februar 2023 

44 

10.2 Therapie der nicht-klarzelligen Nierenzellkarzinome  

Nr. Empfehlungen/Statements GoR LoE Quellen 

10.4 Das diagnostische und operative Vorgehen sowie die 
Nachsorge soll analog zu den klarzelligen 
Nierenzellkarzinomen erfolgen. 

EK 

10.5 Für die nicht-klarzelligen Nierenzellkarzinome gibt es keine 
entitätsbezogenen Standards. 

EK 

10.6 Bei metastasierten nicht-klarzelligen Nierenzellkarzinomen 
soll keine alleinige Zytokin-basierte Therapie durchgeführt 
werden. 

A 1- [216] 

10.7 Die nicht-klarzelligen Nierenzellkarzinome sollen außerhalb 
von Studien mit einer IO/IO oder IO/TKI Kombination 
analog zu den klarzelligen Nierenzellkarzinomen behandelt 
werden. 

A 1+ 

[217]; [218]; 
[143]; [219]; 
[220]; [221]; 
[222]; [223]; 
[224]; [146] 

10.8 Im Falle einer Monotherapie sollten bei metastasiertem 
nicht-klarzelligen Nierenzellkarzinom TKI-Inhibitoren, 
präferenziell Sunitinib, eingesetzt werden. 

B 1+ 
[225]; [226]; 
[227]; [158] 

10.9 mTOR-Inhibitoren können beim chromophoben 
Nierenzellkarzinom als Alternative eingesetzt werden. 

EK 

10.10 Tyrosinkinase-Inhibitoren können beim nicht-klarzelligen 
Nierenzellkarzinomen eingesetzt werden. 0 2- 

[228]; [229]; 
[230]; [225]; 
[226]; [227]; 
[231]; [158] 

10.11 Metastasierte Nierenzellkarzinome mit sarkomatoidem 
Anteil sollen analog der klarzelligen Nierenzellkarzinome 
mit einer IO/IO oder IO/TKI Kombination behandelt werden. 

EK 

 

  

Leitlinienprogramm Onkologie | Nierenzellkarzinom | Kurzversion 4.0 | Februar 2023 
https://www.onkopedia.com/de/onkopedia/guidelines/
nierenzellkarzinom-hypernephrom/@@guideline/html/index.html

Es wird empfohlen, 
Patienten mit nicht - 

klarzelligem 
Nierenzellkarzinom 

analog dem 
Algorithmus der 

klarzelligen 
Karzinome zu 

behandeln
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Faktoren in der Behandlungsentscheidung

Zulassung Tumor-assoziierte 
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Zusammenfassung

IO-Combos sind 
der Standard in 

der Therapie des 
mets. NCC
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