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A B S T R A C T   

Advanced or metastasized renal cell carcinoma (mRCC) can present with sarcomatoid features, which is 
considered a poor prognosis marker and a treatment challenge. Several trials in first line mRCC have included 
immune checkpoint inhibitors (ICI) in combination either with other ICI or tyrosine kinase inhibitors (TKI), that 
have led to the approval of some of these treatment strategies and their recommendation in international 
guidelines. The authors review all randomized phase III trials in first-line treatment with ICI for advanced or 
mRCC and selected prospective phase I-IV trials, that included patients with tumors with sarcomatoid features. 

All these trials, in first-line treatment with ICI immunotherapy in combination with another ICI or TKI, 
included patients with mRCC with sarcomatoid features, corresponding from 5 to 15% of the study population. 
The efficacy and survival end points were superior in the sarcomatoid features subgroup with ICI in combination 
vs TKI in monotherapy, achieving overall response rates of 50–60%. A new benchmark has been established by 
trials reporting over 20 months in median overall survival. Even when considering ICI in monotherapy, the 
efficacy has been remarkable in patients with sarcomatoid features, demonstrating a striking consistency in these 
groundbreaking results. No biomarkers predictive of response to ICI were identified. The toxicity profile seems 
similar to the general study population. 

Despite the limitations of the clinical trials design to infer definitive conclusions in the sarcomatoid features 
patients, the data overwhelmingly support that ICI-based therapy should be the preferred strategy.   

Introduction 

Sarcomatoid features in metastasized renal cell carcinoma (mRCC) 
were historically described as a histopathologic pattern consisting of an 
apparent pleomorphic mixture of malignant elements arising from the 
connective tissue, smooth muscle tissue or other tissues[1,2]. More 
recently, it has been characterized by the presence of malignant spindle 
cells that usually express markers of both epithelial and stromal differ
entiation[3] (Fig. 1). Any presence of sarcomatoid component is enough 
to determine the tumor as having sarcomatoid features[4,5]. The rela
tive percentage of the sarcomatoid component within the tumor can be 
residual or be as high as 100% of the cells[6]. In this specific case, 

having the totality of the tumor with sarcomatoid component, the rec
ommended labelling is unclassified RCC or World Health Organization 
(WHO)- International Society of Urological Pathology (ISUP) grade 4 
tumor[4]. The relative percentage of the sarcomatoid component has an 
important prognostic correlation: the higher the percentage, the greater 
the likelihood of the risk of death, namely at each 10% of increase in the 
relative percentage of the sarcomatoid component, there’s a 6% increase 
in the risk of death[7]. 

Although generally considered a rare histological feature - estimated 
around 5% of cases[8,9] - its incidence can be clinically significant, 
representing up to 20% of cases in some series[10,11]. Also, sarcoma
toid features can be associated with any of the RCC histological subtypes 
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currently recognized by WHO[12]. 
The mechanisms originating the sarcomatoid features remain largely 

undetermined, but the accumulated evidence suggests a common cell-of- 
origin – this cell loses the epithelial features and gains mesenchymal 
ones, the process known as epithelial–mesenchymal transition (EMT) 
[13]. 

It has been long suggested that there is an association between sar
comatoid features and a worse prognosis or survival in mRCC[14,15]. Of 
interest, it was considered that the classic International mRCC Database 
Consortium (IMDC) risk score can be reliably applied to non-clear cell 
histologies, including sarcomatoid features[16]. In some prognostic 
nomograms, it was actually an independent poor risk factor in mRCC 
[7,17]. 

For decades, there has been no widely accepted standard systemic 
treatment in mRCC patients with sarcomatoid features. Initial results 
using chemotherapy were variable, since no or only limited objective 
responses, very rarely complete responses (CR), were observed in 
otherwise effective chemotherapy regimens based primarily on doxo
rubicin[8,13,18,19]. Using vascular endothelial growth factor receptor 
(VEGFR)–targeted therapy, the standard of care for over a decade in 
mRCC, has shown limited tumor activity, with partial response (as best 
response) in only 19% of patients and median progression-free survival 
(mPFS) of ~5 months and median overall survival (mOS) of 12 months 
[20]. Even with a multi-target tyrosine kinase inhibitor (TKI) drug such 
as Cabozantinib, the mOS in the sarcomatoid features subpopulation 
(real-world data) was about 8 months[21]. This may be explained by 
loss of Von Hippel-Lindau (VHL) gene in only 41% of tumors with sar
comatoid features (vs 76%, or higher, in clear cell tumors)[22]. Actu
ally, having more than 20% of sarcomatoid component within a tumor 
has been associated with increased resistance to systemic treatments, 
either VEGF-directed therapy or Interleukin (IL) 2 immunotherapy 
[9,14,20]. 

An integrated multi-omics evaluation has identified several molec
ular subsets, in particular, sarcomatoid tumors exhibited lower preva
lence of PBRM1 mutations and angiogenesis markers (VEGF pathway- 
related genes), frequent CDKN2A/B and PTEN alterations, and 
increased programmed death ligand-1 (PD-L1) expression, revealing a 
highly proliferative molecular phenotype associated with immune 
presence[11]. In part, these features support the increased sensitivity of 
sarcomatoid tumors to ICI-based therapies. Additional research suggests 
that NF2, ARID1A and BAP1 alterations were mutually exclusive with 

TP53 and each other but not with VHL mutations[23,24]. It is worth 
mentioning that the Hippo pathway (of which NF2 is a potent suppres
sor) is also considered a feature of sarcomatoid mRCC (most likely a late 
event in the dedifferentiation process), and a potential therapeutic 
target[25]. The FAT proteins play multiple critical roles in cell adhesion, 
motility, polarity, signaling, and proliferation, and mutations are 
implicated in a variety of cancers but rarely found in clear cell RCC - 
FAT1/2/3 mutations were all significantly increased (over 35% of cases) 
in the sarcomatoid tumors[24]. An increased frequency of loss of het
erozygosity across the genome has also been described and provides 
further molecular support to the dedifferention process associated with 
the sarcomatoid state [24]. 

In mRCC, an increased programmed death-1 (PD-1) or PD-L1 
expression is associated with a worse prognosis[26]. Several studies 
[9,27,28] have suggested an enrichment of PD-L1 expression (defined 
either as present in ≥ 1%, ≥ 5% of tumor cells or PD-L1 H-score ≥ 10) in 
mRCC with sarcomatoid features from 43 to 54% of patients (vs 17% to 
21% in non-sarcomatoid cells). Even concurrent PD-1/PD-L1 expression 
with sarcomatoid differentiation was high, around 50% of cases[9]. 
Some molecular findings might be useful when considering prediction of 
response to immunotherapy in this setting, such as the sarcomatoid 
component having a higher tumor mutational burden (TMB)[24], 
although not consistently[29], or having increased amplification of 
PDL1 and PDL2 genes[30] than the corresponding epithelial counter
part. An immune-inflamed phenotype characterized by immune acti
vation has been described[28], in particular, the CD8 + T cell 
infiltration was increased in these tumors. Of note, microsatellite 
instability high (MSI-H), an United States Food and Drug Administration 
(FDA) approved therapeutic target for the ICI Pembrolizumab in solid 
tumors (tumor site–agnostic indication)[31], was estimated to be 
around only 1% of sarcomatoid tumors[22], a residual value. 

An important factor to consider in ICI response is the tumor micro
environment (TME), especially its subtype characterized by extensive 
immune infiltrate and enrichment in BAP1 mutations[32]. 

Epigenetic regulatory mechanisms have been described in renal cell 
carcinoma in general, but remains an opportunity for research in sar
comatoid tumors [13]. 

The objective of this article is to review the efficacy and safety data 
from the trials that use ICI-based therapy in the first line setting in pa
tients with sarcomatoid features tumors and explore potential predictive 
biomarkers. 

Fig. 1. Example of sarcomatoid features in a renal cell carcinoma (papillary type 2, with FH gene germline mutation). a) Hematoxylin and eosin (H&E) staining at 
20x magnification b) H&E staining at 40x magnification. Images provided by Raquel Brodbeck Ilgenfritz MD, MSc, Hospital CUF Descobertas (Lisbon). 
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Methods 

All randomized phase III trials in first-line systemic treatment with 
ICI in combination, for advanced or metastatic renal cell carcinoma 
(with data regarding sarcomatoid features subpopulation) were 
included; non-randomized phase I-IV trials with ICI arm were also 
included upon search in MEDLINE/PubMed, American Society of Med
ical Oncology (ASCO) Annual Meeting, ASCO’s Genitourinary Cancers 
Symposium and European Society for Medical Oncology (ESMO) 
Congress abstracts, from January 2018 to February 2022. 

Results 

Six phase III randomized clinical trials were identified that fulfilled 
the methodology criteria: CheckMate-214[33–35], KEYNOTE-426 
[36–38], JAVELIN Renal 101[39–41], IMmotion 151[42], CheckMate- 
9ER[43,44] and CLEAR[45]. All of these trials, focused on first-line 
treatment with ICI immunotherapy in combination, included patients 
with mRCC with sarcomatoid features (Table 1). Additionally, selected 
non-randomized phase I-IV trials were also included because of their 
clinical relevance in using ICI (either monotherapy or combination) in 
patients with tumors with sarcomatoid features (Table 2). 

CheckMate-214 was a phase III trial that randomly assigned patients 
in a 1:1 ratio to receive either Nivolumab, an anti-PD-L1 drug, [3 mg/ 
kilogram(kg) of body weight] plus Ipilimumab, an anti-CTLA-4 drug, (1 
mg/kg) intravenously every 3 weeks for four doses, followed by Nivo
lumab (3 mg/kg) every 2 weeks, or Sunitinib (50 mg) orally once daily 
for 4 weeks (6-week cycle)[33], the standard schedule. The coprimary 
end points were OS, objective response rate (ORR), and PFS, in patients 
with IMDC intermediate or poor prognostic risk, while the intention-to- 
treat (ITT) population included IMDC’s favorable risk patients. It was 
the first combination to be approved, and also the first (and only) 
combination regimen with exclusively ICI drugs thus being anti-VEGF- 
drugs-free regimen, the mainstay of mRCC treatment over a decade. 
The combination’s approval was based on initial efficacy data: the mOS 
was not reached with Nivolumab plus Ipilimumab vs 26.0 months with 
Sunitinib [Hazard Ratio (HR) 0.63; P < 0.001); ORR was 42% vs 27% (P 
< 0.001), and CR rate was 9% vs 1%. 

On a dedicated subanalysis[35], of the 1096 randomized patients, 
139 patients (13%) with sarcomatoid features and IMDC’s intermediate/ 
poor-risk disease and six with favorable-risk disease (0.5%) were iden
tified. The analysis included PD-L1 + tumors (PD-L1 expression ≥ 1%). 
The mOS [95% Confidence Interval (CI)] favored Nivolumab plus Ipi
limumab [Not reached (NR) (25.2 - Not estimable (NE); n = 74] versus 
Sunitinib [14.2 months (9.3–22.9); n = 65; HR 0.45 (95% CI, 0.3–0.7; P 
= 0.0004)]. The mPFS was higher with Nivolumab plus Ipilimumab 
[26.5 vs 5.1 months; HR 0.54 (95% CI, 0.33–0.86; P = 0.0093)]. 
Confirmed ORR was 60.8% with Nivolumab plus Ipilimumab versus 
23.1% with Sunitinib. The CR rates were six times higher in the ICI 
combination arm vs Sunitinib, with 18.9% versus 3.1%, respectively. In 
the 5-year follow-up[46], the reported ORR was higher (61% vs 23%; p 
< 0.0001), the median duration of response was longer (NR vs 25 
months), and more patients had CR (23% vs 6%) with Nivolumab plus 
Ipilimumab vs Sunitinib, respectively, and regardless of PD-L1 status 
(Table 1). At this extended follow-up, there was a significant 54% 
reduction in the risk of death [HR 0.46 (95% CI 0.29–0.71); p = 0.0004] 
[46]. No new safety signals emerged[35,47]. Of note, there was an in
dependent central pathology review of archival tumor tissue or histo
logical classification per local pathology regarding sarcomatoid features 
[46]. 

The KEYNOTE-426 was an open-label, phase III trial, that randomly 
assigned 861 patients with mRCC in first-line, to receive Pembrolizumab 
(200 mg intravenously once every 3 weeks) plus Axitinib (starting at 5 
mg, up to 10 mg, orally twice daily) or Sunitinib (standard schedule) 
[36]. The primary end points were OS and PFS in the ITT population. 
This combination, the first ICI plus TKI regimen to be approved, resulted 
in significantly longer mOS (initial HR 0.53, the latest 0.68, still statis
tically significant[38]) and mPFS (15.1 vs 11.1 months), as well as a 
higher ORR (59.3 vs 35.7%), than with Sunitinib (Table 1). Of the 578 
randomized patients with known histological status, 105 (18.2%) had 
sarcomatoid features: 51 in the Pembrolizumab + Axitinib arm vs 54 in 
the Sunitinib arm[37]. The mOS, at data cutoff date of Aug 24, 2018, 
had not been reached in both experimental and control arms. Grade ≥ 3 
AEs of any cause occurred in 76% of patients in the Pembrolizumab plus 
Axitinib group and in 71% in the Sunitinib group. The most common AEs 
related to treatment, in both groups, were diarrhea and hypertension 

Table 1 
Summary of data on randomized phase III clinical trials with immunotherapy in first line for advanced renal cell carcinoma with sarcomatoid features. Not intended as 
cross-trial comparison.  

Clinical Trials Experimental arm Sarcomatoid features subpopulation 

Trial N (%) in Exp arm vs Control 
arm* 

ORR/CR (95% CI) 
Experimental vs Control arm* 

mPFS/ 
mOS (months, 95% CI) 
Experimental vs Control arm* 

CheckMate-214 
[ref35,46] 

Nivolumab + Ipilimumab I/P risk disease: 74 (8.7%) vs 65 (7.7%) 
I/P risk disease and PD-L1+: 36  
(9.4%) vs 33 (8.4%) 

I/P risk disease: 61%/23% vs 
23%/6%  

I/P risk disease and PD-L1+: 
69%/25% vs 24%/9% 

I/P risk disease: 26.5/NR vs 5.1/ 
14.2  

I/P risk disease and PD-L1+: NR/NR 
vs 4.4/20.9 

KEYNOTE-426 
[ref36] 

Axitinib + Pembrolizumab 51 (12%) vs 54 (13%) 58.8%/11.8% vs 31.5%/0% NR/NR vs 8.4/NR 

JAVELIN Renal 
101[ref40] 

Axitinib + Avelumab 47 (5.2%) vs 61 (6.8%) 46.8%/4.3% vs 21.3%/0% 7.0/NA vs 
4.0/NA 

IMmotion 151 
[ref10,42] 

Atezolizumab + Bevacizumab ITT: 68 (15%) vs 74 (16%); PD-L1 + 36 
(20%) vs 50 (27%) 

ITT: 49.0%/10.0% vs 14.0%/ 
3.0%  

PD-L1+: 56.0%/14.0% vs 12.0%/ 
4.0% 

ITT: 8.3/21.7 vs 5.3/15.4  

PD-L1+: 8.6/19.3 vs 5.6/15.0 

CheckMate-9ER 
[43,44,48] 

Nivolumab + Cabozantinib 34 (10.9%) vs 41 (12.9%) 55.9%/8.8% vs 22.0%/2.4% 10.9/NR vs 4.2/19.7 

CLEAR[45,49] Lenvatinib (L) + Pembrolizumab 
(P) / L + Everolimus 

28 (7.9%) vs 24 (6.7%) vs 21 (5.9%) L + P: 
61%/NA vs 24%/NA 

11.1/NR vs 5.5/NR 

Abbreviation: CI: Confidence interval; CR: complete responses; Exp: Experimental arm; I/P: intermediate or poor risk disease; ITT: intention-to-treat population; L: 
Lenvatinib; mPFS: median progression-free survival; mOS: median overall survival; NA: Not available; NR: not reached; ORR: overall response rate. PD-L1: pro
grammed death-ligand 1; P: Pembrolizumab. 
* Note: the control arm in all trials was Sunitinib 50 mg orally once daily for 4 weeks (6-week cycle). 
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[36]. 
In the JAVELIN Renal 101 phase III trial, patients were randomly 

assigned in a 1:1 ratio to receive Avelumab (10 mg/kg) intravenously 
every 2 weeks plus Axitinib (5 mg) orally twice daily or Sunitinib 
(standard schedule). The two independent primary end points were PFS 
and OS among patients with PD-L1 + tumors (PD-L1 expression ≥ 1%) 
[39]. The PFS was significantly longer (13.9 vs 7.2 months) with Ave
lumab plus Axitinib than with Sunitinib. OS results have not been re
ported so far. 

A subgroup analysis focusing on efficacy and biomarkers of patients 
with sarcomatoid histology has been published[40]. Of the 886 rando
mised patients, 108 (12.2%; 47 on Avelumab plus Axitinib and 61 on 
Sunitinib arm) had sarcomatoid mRCC. The combination improved PFS 
(median [95% CI], 7.0 [5.3, 13.8] vs 4.0 [2.7, 5.7] months; HR 0.57 
[95% CI, 0.325, 1.003]) and ORR [95% CI] (46.8% [32.1, 61.9] vs 
21.3% [11.9, 33.7]; CR in 4.3% vs 0%) vs Sunitinib. 

The IMmotion 151 trial[42] was a randomized controlled phase III 
trial comparing Atezolizumab (anti-PD-L1) plus Bevacizumab (anti- 
VEGF) versus Sunitinib (standard schedule) in patients with previously 
untreated metastatic renal cell carcinoma. Although the combination 
strategy significantly prolonged mPFS versus Sunitinib, it failed to show 
a benefit in mOS so far (co-primary end points). The trial comprised two 
populations: PD-L1+ (PD-L1 expression ≥ 1%) N = 362 and ITT N =
915. The trial allowed the enrollment patients with mRCC and any 
component of high-grade malignant spindle cells consistent with sar
comatoid histology per local pathology review. A prespecified subgroup 
analysis on the sarcomatoid features population has been published[10]. 
Patients whose tumour had any component of sarcomatoid features 
were included: N = 68 in Atezolizumab plus Bevacizumab arm vs N = 74 
in Sunitinib arm. The mPFS was significantly longer in the group 
receiving Atezolizumab plus Bevacizumab: in the overall population 
(8.3 vs 5.3 months; HR 0.52 95% CI 0.34–0.79) and in the subset of 
patients with PD-L1 + tumours (8.6 vs 5.6 months; HR 0.45, 95% CI 
0.26–0.77). More patients receiving combination treatment achieved an 
objective response (49% vs 14%), including CR (10% vs 3%). Also, there 
was greater symptom improvements versus Sunitinib. No new safety 
concerns were reported. 

The CheckMate 9ER trial[44] was a randomized controlled phase III 
trial comparing Nivolumab (240 mg intravenously every 2 weeks) plus 
Cabozantinib (anti-VEGF, at the dose of 40 mg, once daily) versus 
Sunitinib (standard schedule) in patients with previously untreated 
metastatic renal cell carcinoma. The primary endpoint was PFS in all 
randomized patients. Nivolumab plus Cabozantinib had a superior PFS 
benefit over sunitinib, with a HR for disease progression or death of 0.51 
(95% CI, 0.41 to 0.64; P < 0.001). The combination also had superior OS 
benefit: HR for death 0.60; 98.89% CI, 0.40 to 0.89; P = 0.001, while the 
mOS was not reached in either group (median follow-up 18.1 months). 
Also, objective responses were superior in the combination arm with 
55.7% (95% CI, 50.1 to 61.2) vs 27.1% (95% CI, 22.4 to 32.3) with 
sunitinib (P < 0.001). In the combination arm, 34/313 (10.9%) patients 
had sarcomatoid features (Table 1). PD-L1 expression was considered 
positive if ≥ 1%. Response, PFS and OS data in the sarcomatoid features 
subgroup has been reported for the CheckMate 9ER trial[48], after a 
minimum follow-up of 16 months. The ORR (95% CI) was 55.9% 
(37.9–72.8) in the sarcomatoid group (Table 1), that was similar to the 
non-sarcomatoid group treated with Nivolumab + Cabozantinib 
(54.7%), but patients with sarcomatoid features had the lowest ORR 
(22.0%) when treated with Sunitinib (non-sarcomatoid patients treated 
with Sunitib had ORR of 29.3%)[48]. Treatment-related AEs lead to 
discontinuation with either Nivolumab, Cabozantinib or both in 23.4% 
vs 9.1% with Sunitinib. 

The CLEAR trial[45] was a randomized controlled phase III trial 
comparing Lenvatinib (anti-VEGF; 18 mg orally, once daily) plus Pem
brolizumab 200 mg intravenously once every 3 weeks or Everolimus 
(mTOR inhibitor; 5 mg orally, once daily) versus Sunitinib (standard 
schedule) in patients with previously untreated mRCC. The primary 

endpoint was PFS, which was significantly longer with Lenvatinib (L) 
plus Pembrolizumab (P) vs Sunitinib [median, 23.9 months (95% CI, 
20.8 to 27.7) vs. 9.2 months (95% CI, 6.0 to 11.0)] with an HR for 
disease progression or death, 0.39; 95% CI, 0.32 to 0.49; P < 0.001). 
Survival was also significantly longer with L plus P than with Sunitinib 
(HR for death, 0.66; 95% CI, 0.49 to 0.88; P = 0.005). PFS was also 
superior in the L + Everolimus (E) vs Sunitinib, but the OS was not 
significantly longer. Objective responses, with L + P were 71.0% vs 
36.1% with Sunitinib. The trial included patients with tumor with sar
comatoid features: 28/355 (7.9%) in L + P, 24/357 (6.7%) in L + E and 
21/357 (5.9%) in Sunitinib arm (Table 1). PD-L1 +was defined as PD-L1 
combined positive score ≥ 1). 

Data regarding the sarcomatoid features subpopulation from the 
CLEAR trial were reported[49]. The ORR was greater with the combi
nation arm (L + P) vs Sunitinib for the subgroup with sarcomatoid 
histology [61% vs 24%; odds ratio: 8.9 (95% CI 2.1, 37.8)]. The most 
frequent immune-mediated AEs treated with high-dose corticosteroids 
were pneumonitis (3.7%) and hypothyroidism (2.8%), among others. 

Some phase I/II trials also provide important insights. KEYNOTE-427 
was an open-label, single-arm trial in first-line in mRCC patients, treated 
with Pembrolizumab monotherapy 200 mg every 3 weeks for ≤ 24 
months[50,51]. Two cohorts were reported according to histology: 
cohort A (clear cell)[50] and cohort B (non-clear cell)[51]. In both co
horts patients with tumors with sarcomatoid features were included 
(Table 2). The primary endpoint was ORR by RECIST v 1.1. In the cohort 
A, the median time from enrollment to data cutoff was ~ 36 months and 
ORR 36.4%, while for the sarcomatoid features subpopulation ORR was 
63.6%. Grade 3–5 treatment-related adverse events (AEs) occurred in 
30% of patients, predominantly gastrointestinal (colitis and diarrhea 
most frequently). In cohort B, the median time from enrollment to data 
cutoff was ~ 32 months and ORR 26.7%, while for the sarcomatoid 
features subpopulation ORR was 42.1%. Grade 3–5 treatment-related 
AEs occurred in 17% of patients, predominantly gastrointestinal (coli
tis, diarrhea, and hepatitis most frequently). 

A smaller phase Ia trial[52] reported single agent Atezolizumab in a 
non-clear cell population, that included patients with Fuhrman grade 4 
and/or sarcomatoid histology tumors. The ORR was 22% (95% CI, 6% to 
48%) for patients with high Fuhrman grade and/or sarcomatoid features 
(n = 18; 26%). The ORR for 16 patients with grade 4 tumors was 25% 
(95% CI, 7.3% to 52%), and it was 33% (95% CI, 4.3% to 78%) for six 
patients who had sarcomatoid features. Regarding safety, 17% of pa
tients experienced treatment-related grade 3 AEs, while the most com
mon immune-mediated AE of any grade was rash (20%). 

The COSMIC-021 trial is a phase Ib trial that evaluated Atezolizumab 
plus Cabozantinib in patients with solid tumors and the results from 
patients with advanced clear cell (with two Cabozantinib posologies: 40 
or 60 mg, once daily) and non–clear cell RCC has been reported[53]. 
Patients with sarcomatoid features tumors were included: 9/34 (26.5%) 
in the ccRCC Cabozantinib 40 mg, 2/36 (5.6%) in the ccRCC Cabo
zantinib 60 mg and 4/32 (12.5%) in in the nccRCC group. The reported 
ORR was remarkably high, around 73% (Table 2). Treatment-related 
AEs of any grade were experienced by ≥ 97% patients in both cohorts, 
but there were no grade 5 events[53]. 

A phase II study evaluated Atezolizumab + Bevacizumab in patients 
with mRCC with variant histology and/or sarcomatoid features (with ≥
20% sarcomatoid differentiation)[54]. The primary end point was ORR 
by RECIST version 1.1 and 60 patients were included, 26 (43%) of them 
with sarcomatoid features (18 clear cell + 8 variant histology, such as 
papillary or chromophobe, among others). The ORR was 50% in patients 
with clear cell with sarcomatoid differentiation and 26% in patients with 
variant histology RCC (Table 2), but there was no significant association 
between histology and response. The most reported AEs (any grade) 
were fatigue (83%) and musculoskeletal pain (82%), among others. 

The CheckMate-920 is a phase IIIb/IV trial in patients with no pre
vious systemic treatment with four cohorts but so far only cohort 2 data 
have been reported[55]. In this cohort, the therapeutic regimen is the 
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same as Checkmate-214 (Nivolumab + Ipilimumab, followed by main
tenance Nivolumab), but the patient population is non-clear cell renal 
carcinoma (CheckMate-214 included only clear-cell) with Karnofsky 
performance status ≥ 70%, that allowed the inclusion of sarcomatoid 
features. The number of response-evaluable patients was 46, of them, 14 
(30%) had sarcomatoid features – of note, the confirmed objective 
response was the highest of all subgroups, with 35.7% (Table 2). No new 
safety signals were reported. 

Discussion 

The inclusion of patients with mRCC with (any) sarcomatoid features 
in first line systemic treatment phase III trials is a welcomed departure 
from previous mainstream trials that almost systematically excluded 
these patients. The percentage of patients that were included with tu
mors with sarcomatoid features varied across trials ranging, in the 
experimental arm, as low as 5% up to 15% in unselected populations 
(and ascending to 20% in PD-L1 + subpopulation). Actually, the PD-L1 
expression was always higher in the sarcomatoid subpopulation when 
compared to the overall population in every phase III trial that made 
these results available: CheckMate 214 (47% vs 26%)[33], KEYNOTE- 
426 (74.5% vs 59.3%)[36], Javelin Renal 101 (72.3% vs 61.1%)[39], 
IMmotion 151 (63% vs 39%)[56] and CheckMate 9ER (47.2% vs 25.5%) 
[48]. Although previous research (see Introduction) and current trials 
show higher than the overall population PD-L1 expression in tumors 
with sarcomatoid features, no significant differences in relevant end
points were noted between PD-L1+ and PD-L1- subpopulations. 

Over 300 patients with tumors with sarcomatoid features were 
included in these trials that were treated with ICI in combination in first- 
line (Table 1). An additional 114 patients were treated in prospective 
single-arm phase I-IV trials that included ICI, either in monotherapy or 

in combinations (Table 2), thus surpassing 400 patients with sarcoma
toid features treated with ICI, when considering all trials. It is important 
to understand that mRCC patients with sarcomatoid features tumors 
seldom survived more than 12 months in the literature previous to ICI- 
based treatment trials[3,57,58]. In the randomized phase III trial that 
has already reached the median OS (IMmotion 151), it has surpassed 20 
months, while more follow-up is still needed for the other trials. For the 
phase I/II trials the reported mOS has consistently surpassed 24 months 
(in one even reaching 32 months, the KEYNOTE-427 cohort A), which is 
a groundbreaking benchmark for sarcomatoid tumors, although one 
must understand that these are small trials and consequently, the results 
must be interpreted with caution. The impact in survival and progres
sion was evaluated in a meta-analysis[59] based on initial data from 
randomized phase III trials: a non-significant reduction in the mortality 
risk of 34% vs Sunitinib [HR 0.66 (95% CI, 0.52–0.84, P = 0.55)], based 
on 3 trials (CheckMate 214, KEYNOTE-426 and IMmotion 151), but a 
significant reduction in disease progression or mortality risk of 27% vs 
Sunitinib [HR 0.73 (95% CI, 0.66–0.83, P = 0.02)] was observed, based 
on 4 trials (previous trials plus JAVELIN Renal 101)[59]. Of relevance, 
although within the sarcomatoid group the mPFS benefit favors ICI in 
combination vs TKI monotherapy in all trials, the results are superior in 
the non-sarcomatoid clear-cell group[59], stressing the worse prognosis 
associated with sarcomatoid features. Other systematic reviews have 
validated the beneficial impact of ICI-based therapy in sarcomatoid 
features patients[60–62]. 

In the randomized phase III trials, the ORR has been strikingly 
different between the ICI-based vs TKI monotherapy: in the combination 
arms the reported ORR in unselected populations was high, ranging 
from 47% up to 60%, while in the control arm it has been between 14 
and 32%. The highest ORR recorded, 69%, occurred in the PD-L1 +
subpopulation in the CheckMate-214 trial[35,46]. When considering ICI 

Table 2 
Summary of data from prospective clinical trials with immunotherapy in first line for advanced renal cell carcinoma with sarcomatoid features, either in monotherapy 
or combination, with no comparator arm. Not intended as cross-trial comparison.  

Trials Total pts 
(N) 

Sarcomatoid features subpopulation 

N (%) ORR (%) mPFS (months) mOS (months) CR (N/%) 
* 

KEYNOTE-427       
phase II trial 

Agent: Pembrolizumab  
Cohort A 

(clear-cell)[50] 
110 11 (10%) 63.6% 

(95% CI, 30.8–89.1) 
16.3 
(95% CI, 3.0–21.6) 

32.2 
(95% CI, 11.8-NR) 

0 / 0% 

Cohort B 
(non-clear cell)[51] 

165 38 (23%) 42.1% 
(95% CI, 26.3–59.2) 

6.9 
(95% CI, 2.8–15.4) 

25.5 
(95% CI 
13.1–30.0) 

4 / 10.5% 

McDermott at al.[52]       
phase Ia trial 

Agent: Atezolizumab 
(clear and non-clear cell) 

70 18 (26%) 
** 

22% 
(95% CI 6–48) 

4.2 
(95% CI, 1.4–8.4) 

26.2 
(95% CI, 17.2-NR) 

NA 

COSMIC-021[ref53]       
phase Ib trial 

Agents: Atezolizumab +
Cabozantinib  

ccRCC*** cohort 70 11 (16%) 72.7% (NA) NA NA 1 / 9.1% 
nccRCC cohort 32 4 (13%) NA NA NA NA 

McGregor et al.[54]       
phase II trial**** 

Agents: Atezolizumab +
Bevacizumab 

60 26 (43%) 50% (clear cell 
RCC),38%  
(non-clear cell RCC) 

8.3 (95% CI, 5.7–10.9) for whole 
population 

NA NA 

CheckMate-920       
phase IIIb/IV trial 

Agents: Nivolumab + Ipilimumab  
nccRCC cohort (or cohort 2)[ref55] 46 14 (30.4%) 35.7% (CI 12.8–64.9) NA NA NA 

Abbreviation: ccRCC: clear cell renal cell carcinoma; CI: Confidence Interval; CR: complete responses; mPFS: median progression-free survival; mOS: median overall 
survival; NA: Not available; nccRCC: non-clear cell renal cell carcinoma; NR: Not reached; ORR: objective response rate. 
* Best response. 
** Fuhrman grade 4 and/or sarcomatoid histology. 
*** Included 2 groups: Cabozantinib 40 mg (N = 34) and Cabozantinib 60 mg (N = 36). 
**** Most patients (94%) treatment-naïve; all patients in sarcomatoid subgroup with ≥ 20% sarcomatoid differentiation. 
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monotherapy, the ORR was variable according to the study population, 
ranging from 22 to 64% (with mOS above 25 months), suggesting that in 
selected patients, ICI monotherapy could be a strategy to consider. In 
smaller trials, using immunotherapy in combination, ORR was reported 
to have surpassed 70%[53]. 

Related to the ORR is the percentage of patients with CR (a suggested 
indicator of improved long-term prognosis[63]) which was essentially 
non-existent or minimal (0–6%) in the TKI monotherapy arm while in 
the combination arm, it varied between 4 and up to 25% (Tables 1 and 
2). Taken together, these efficacy results lead to international guidelines 
to strongly recommend ICI-based therapy above single-agent VEGFR TKI 
[II, A][64]. 

When analyzing the epithelial histology associated to the sarcoma
toid features in the tumor when ICI monotherapy was evaluated, the 
efficacy seems to be inferior when associated to nccRCC than with clear 
cell, although this is exploratory considering the low number and the 
heterogeneity of the populations in the trials. It is interesting to note that 
this improved responses with sarcomatoid features present within clear 
cell histology tumors was also suggested in the earlier days of VEGFR- 
targeted therapy[20]. There’s evidence supporting a molecular profile 
associated to each histology: prevalence of BAP1 mutations was highest 
in clear cell carcinoma with sarcomatoid features whereas non-clear cell 
carcinoma with sarcomatoid features showed enrichment in TP53 and 
RB1 alterations[11]. Interestingly, both components seem to largely 
contain the same genomic features[23]. 

For some trials, data regarding safety and survival endpoints in pa
tients with tumors with sarcomatoid features are pending at this time 
(Tables 1 and 2) and are eagerly awaited. The AEs pattern in the sar
comatoid features subpopulation seems to be similar to the overall 
population of the trials. 

ICI monotherapy (Pembrolizumab 1 year vs placebo) has also been 
evaluated in the adjuvant setting for M0 intermediate-to-high risk and in 
M1 post-metastasectomy rendering no-evidence of disease patients in the 
KEYNOTE-564 trial[65]. There was a significant improvement in disease- 
free survival (DFS) in the initial report, at 24 months (HR for recurrence or 
death 0.68; 95% CI, 0.53–0.87) and later updated at 30 months (HR for 
recurrence or death 0.63; 95% CI, 0.50–0.80, p < 0.0001). Grade 3 or 
higher AEs occurred in 32% of patients in pembrolizumab arm (vs 18% in 
placebo arm). This trial included N = 52 (10.5%) patients with clear cell 
histology with sarcomatoid features, and the results for this subpopulation 
have been made available[66], revealing an impressive HR 0.54 (95% CI 
0.29–1.0). These results provide support for the worse prognosis by the 
presence of sarcomatoid features: 24-month DFS rate in placebo arms of 
69.4% in sarcomatoid features absent vs 52.0% in sarcomatoid features 
present (a 17.4% difference). Remarkably, the 24-month DFS rate in 
Pembrolizumab arms of 79.5% in sarcomatoid features absent vs 71.8% in 
sarcomatoid features present (a 7.7% difference) underscores the benefit 
of immunotherapy in this subpopulation (here in the absence of meta
stastic disease). OS data is immature. 

One of the limitations of interpreting the data is that the relative 
percentage of the sarcomatoid component has not been made available for 
most trials, and it could be clinically useful to understand how that vari
able relates to efficacy endpoints, such as prognosis and survival[7]. 
Additional molecular studies are critically needed to understand the 
connection between sarcomatoid features and increased immunotherapy 
response. PD-L1 immunoexpression, in general, is considered the most 
widely validated, used and accepted biomarker to guide the selection of 
patients to receive anti-PD-1 or anti-PD-L1 antibodies[67]. Indeed, some 
studies have focused on these subjects and showed higher median 
expression levels of key immune markers, not only PD-L1 but also Inter
feron gamma (IFNγ)[40] in tumors with sarcomatoid features. Notwith
standing, in mRCC, PD-L1 expression should not guide treatment decision 
since, in general and so far, no significant differences were reported be
tween PD-L1 + or PD-L1- patients. Conversely, there is also a need for 
understanding the molecular drivers of ICI resistance in clinical practice 
[32]. 

Conclusions 

Metastatic RCC with sarcomatoid features is a rare entity with his
torically poor prognosis and considered difficult to treat. The available 
exploratory analyses of all the randomized phase III trials (and selected 
prospective phase I-IV trials) in previously untreated advanced or mRCC 
that allowed the inclusion of these patients, suggest that ICI-based 
therapy has a clinically meaningful effect on these tumors, when 
compared with TKI monotherapy, therefore a paradigm shift. The data 
that reflects tumor responses (ORR/CR) and PFS are particularly 
convincing, establishing new benchmarks for this disease, while mature 
OS data are still awaited in most trials. These benefits have been inde
pendent of PD-L1 status, thus there is a need for predictive biomarkers in 
clinical practice. The AEs pattern in the sarcomatoid features subpop
ulation seems to be similar to the overall population of the trials. 

Once all the data are made available, more meta-analysis will be 
quite useful, and regular updates with extended follow-up from these 
trials should be expected. Despite the limitations of trial design to infer 
definitive conclusions, the magnitude of benefit is substantial in every 
relevant clinical oncological end points, therefore ICI-based therapy 
should be considered preferential in patients with tumors with sarco
matoid features, which is in accordance with recommendations from 
current international guidelines. 
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