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Abstract
Renal cancer is the seventh most common cancer in men and the tenth in women. The aim of this article is to review the 
diagnosis, treatment, and follow-up of renal carcinoma accompanied by recommendations with new evidence and treatment 
algorithms. A new pathologic classification of RCC by the World Health Organization (WHO) was published in 2022 and 
this classification would be considered a “bridge” to a future molecular classification. For patients with localized disease, 
surgery is the treatment of choice with nephron-sparing surgery recommended when feasible. Adjuvant treatment with 
pembrolizumab is an option for intermediate-or high-risk cases, as well as patients after complete resection of metastatic 
disease. More data are needed in the future, including positive overall survival data. Clinical prognostic classification, pref-
erably IMDC, should be used for treatment decision making in mRCC. Cytoreductive nephrectomy should not be deemed 
mandatory in individuals with intermediate-poor IMDC/MSKCC risk who require systemic therapy. Metastasectomy can 
be contemplated in selected subjects with a limited number of metastases or long metachronous disease-free interval. For 
the population of patients with metastatic ccRCC as a whole, the combination of pembrolizumab–axitinib, nivolumab–
cabozantinib, or pembrolizumab–lenvatinib can be considered as the first option based on the benefit obtained in OS versus 
sunitinib. In cases that have an intermediate IMDC and poor prognosis, the combination of ipilimumab and nivolumab has 
demonstrated superior OS compared to sunitinib. As for individuals with advanced RCC previously treated with one or two 
antiangiogenic tyrosine-kinase inhibitors, nivolumab and cabozantinib are the options of choice. When there is progression 
following initial immunotherapy-based treatment, we recommend treatment with an antiangiogenic tyrosine-kinase inhibi-
tor. While no clear sequence can be advocated, medical oncologists and patients should be aware of the recent advances and 
new strategies that improve survival and quality of life in the setting of metastatic RC.
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Introduction

Renal cell carcinoma (RCC) constitutes 80% of all primary 
renal neoplasms. The incidence remains stable in recent 
years with 431,288 new cases and 179,368 deaths in 2020 
according to data published by GLOBOCAN. In Spain, the 
estimated incidence in 2022 was 8078 new cases (5572 in 
men and 2506 in women). It is twice as common in males 
and the median age at diagnosis is 64 years. Known risk 

factors include smoking, obesity, and hypertension. It is 
more prevalent among people with chronic renal failure, 
dialysis, renal transplant recipients, or those with tuberous 
sclerosis. Two percent are hereditary, normally Von Hippel-
Lindau disease. Patients with bilateral tumors or characteris-
tic alterations should be tested for germline mutations [1–3]

Diagnosis

Most tumors of the kidney (60%) were diagnosed inciden-
tally by radiologic procedures performed for other medical 
indications [4]. The classic triad of flank pain, visible hae-
maturia, and palpable abdominal mass is rare (6–10%) and 
correlates with aggressive histology, advanced disease, 
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and worse outcomes [5]. Nonetheless, RCC is still the 
“internist’s cancer,” with paraneoplastic syndromes, such 
as hypercalcemia, unexplained fever, or erythrocytosis in 
approximately 30% of all cases [6]. Germline mutation 
testing and genetic counseling should be contemplated for 
younger patients (≤ 46 years) with RCC [7].

A physical examination should be performed together 
with a complete medical history. Laboratory tests include 
complete blood cell count, lactate dehydrogenase (LDH), 
serum creatinine, liver function study, serum-corrected 
calcium, and urinalysis [8].

Diagnosis is typically suggested by abdominal ultrasound, 
albeit an abdominal computed tomography scan (CT) is the 
gold standard to assess local invasiveness, venous involvement, 
locoregional lymph node involvement, or distant metastases. 
Nevertheless, it reveals poor differentiation between solid 
masses, fat-poor angiomyolipoma, and oncocytoma [9]. CT 
sensitivity for small renal masses surpasses 90%, approaching 
100% for lesions > 2 cm [10]. In the case of a solid renal mass, 
the key criterion for malignant lesions is the presence of con-
trast enhancement or restriction. CT perfusion imaging detects 
temporal changes in tissue attenuation. It can pick up changes 
at the molecular level and evaluate tissue perfusion and vascu-
lar permeability. Perfusion studies are an indirect predictor of 
neoangiogenesis [11] and sensitivity and specificity to predict 
RCC were 100%, and 66.7%, respectively [12]. A chest CT 
is recommended, except in cT1a renal tumors, for which the 
probability of a positive chest CT is low [13].

Magnetic resonance imaging (MRI) is useful when 
evaluating local invasion and inferior vena cava involve-
ment is suspected, or in case of allergy to the CT contrast 
agent or renal insufficiency. Routine bone or brain imaging 
is not indicated [14]. Bone scans can be performed if the 
subject has elevated serum alkaline phosphatase or reports 
bone pain. Cerebral CT or MRI will be carried out if clini-
cal signs and symptoms point to brain metastases.

Fluorodeoxyglucose (FDG) Positron Emission Tomog-
raphy (PET) is not currently regarded to be the standard 
imaging modality for the diagnosis of renal cancer [15], 
given its low sensitivity. As FDG is excreted by the kid-
neys, FDG PET is not suitable for local staging of primary 
RCC, but can be useful in metastatic RCC and to evaluate 
response to therapy. Although FDG is the most widely 
used tracer for PET scans, other new tracers are being 
studied, such as 68 Ga-PSMA, 18Ffluoroethylcholine,11C-
acetate, 18F-fluoromisonidazole, and 18F-fluorothymidine 
[16, 17]. A renal tumor core biopsy provides high sensitiv-
ity (86–100%) and specificity (98–100%) to histopatho-
logically confirm malignancy [18]. Needle core biopsies 
are preferable over fine needle aspiration for solid renal 
masses (RMs) [19], and is especially recommended prior 
to ablative therapies, as well as in patients with advanced 
disease before initiating systemic treatment [20].

Staging

The 2017 TNM classification is the recommended clinical 
staging standard [21, 22] (Tables 1 and 2).

Recommendations

•	 CT scan is the gold standard for RCC staging. Level of 
evidence: III. Grade of recommendation: A.

•	 Abdominal MRI is an alternative in various circum-
stances. Level of evidence: III. Grade of recommenda-
tion: C.

•	 Neither bone scans nor brain CT (nor MRI) are recom-
mended for routine clinical practice. Level of evidence: 
III. Grade of recommendation: D.

•	 In patients without previous tumor diagnosis, a renal 
tumor core biopsy is recommended before treatment 
with ablative therapies, as well as in cases of metastatic 
disease, prior to starting systemic treatment. Level of 
evidence: III. Grade of recommendation: A.

Pathological and molecular classification

Renal cell carcinoma (RCC) is a heterogeneous disease. His-
tological classification is based on the tumor origin from 
different cells located in nephron cells but is completed 
with molecular and clinical information. The most common 
type of RCC is clear-cell renal cell carcinoma (ccRCC), 
accounting for up to 75% of all RCCs. Other major types 
include papillary (10–15%), chromophobe (5%), oncocytic 
(< 5%), Xp11 translocation (< 1%), or collecting-duct car-
cinomas (< 1%) [23]. There is a new pathology classifica-
tion of RCC by the World Health Organization (WHO), 5th 
edition, published in 2022 (Table 3). We are witnessing an 
important change in papillary RCC pathological classifi-
cation. No distinction is made between subtypes 1 and 2. 
Molecular research suggests that type 2 papillary RCC may 
not, in fact, constitute a truly independent entity [24]. New 
molecularly defined RCC subtypes are named and described: 
Eosinophilic solid and cystic RCC, elonging C (ELOC)-
mutated RCC (formerly denominated Transcription elon-
gation factor B (TCEB1)-mutated RCC), ALK-rearranged 
RCC, SMARCB1-deficient medullary RCC, TFEB-altered 
RCC, and fumarate hydratase (FH)-deficient RCC (formerly 
hereditary leiomyomatosis (HLRCC) syndrome-associated 
RCC. This classification “bridges” the present to a future 
molecular classification. Some entities are now regarded as 
independent types of RCC with specific clinical and molecu-
lar features, such as sporadic FH-deficient RCC, tubulocystic 
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RCC, ESC RCC, clear cell papillary RCC, SMARCB1-defi-
cient RCC, and microphthalmia-associated transcription fac-
tor (MiTF) family RCC [25].

Papillary RCC is considered the classical papillary RCC 
morphology type I, albeit certain single entities with papil-
lary features can be regarded as variants of papillary RCC 

or provisional entities like papillary renal neoplasm with 
reversed polarity (PRNRP), biphasic hyalinizing psam-
momatous RCC (BHP RCC), biphasic squamoid/alveolar 
RCC, or thyroid-like follicular RCC (TLF RCC) Some have 
a specific molecular driver alteration, for example, KRAS 
mutations in PRNRP, NF2 mutations in BHP RCC, and 
EWSR1-PATZ1 fusions in TLF RCC.

While certain entities with eosinophilic or oncocytic 
cytoplasm are well defined, such as SDH-deficient RCC, 
ESC RCC, and FH-deficient RCC, others are emerging 
entities, for instance, eosinophilic vacuolated tumor (EVT) 
and low-grade oncocytic tumor (LOT). TSC mutations are 
important and are common in ESC RCC; similarly, TSC1/2 
mutations or activating mTOR mutations have also been 
identified in EVT and LOT [25].

The differential diagnosis between cromophobe RCC and 
oncocytoma is essential. Chromophobe RCCs exhibit diffuse 
positivity for cytokeratin 7 (CK7), whereas oncocytomas are 
negative or present focal positivity for CK7. Molecular stud-
ies provide a more definitive diagnosis of subtypes.

ChRCC is characterized by chromosomal aneuploidy, 
TP53, PTEN, and mitochondrial gene mutations [26]. Col-
lecting duct carcinoma (CDC), or Bellini duct carcinoma, 
continues to be a highly aggressive RCC arising from 
the renal collecting tubules or distal convoluted tubule. 
Recent NGS research has highlighted genomic alterations 
in SETD2, CDKN2A, SMARCB1, and NF2, and, together 
with transcriptomic studies, has confirmed the differences 
between urothelial carcinoma and CDC. Moreover, these 
tumors are characterized by having enriched tumor-infiltrat-
ing lymphocytes [27].

Sarcomatoid features are present in < 10% of RCC tumor 
and are mainly observed in patients with predominant clear 
cell areas [28]. Mutations in the gene encoding von Hip-
pel–Lindau (VHL) disease tumor suppressor that leads to 
stabilization of hypoxia-inducible factor (HIF) are present in 
most ccRCCs (sporadic and hereditary forms). Loss of VHL 
function results in an upregulation of angiogenesis [29]. The 
Cancer Genome Atlas (TCGA) performed a comprehensive 
analysis of more than 400 ccRCC tumors that exhibited other 
mutated genes. The VHL gene was mutated in nearly 90% 
of the patients, while mutations that modify the chromatin-
remodeling complex (PBRM1, ARID1A, and SMARCA4) 
and other epigenetic regulators, such as SETD2 and BAP1, 
are also commonly found [29, 30]. Although distinct histol-
ogy tumor subtypes and molecular subtypes may associate 
varying sensitivity to therapies, validated predictive bio-
markers are not available for clinical use [31].

Local and locoregional disease

Surgery is the treatment of choice in stages I to III.

Table 2   Stage grouping for RCC based on AJCC TNM 2017

Stage

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3

T1, T2, T3
N0 M0
N1 M0

Stage IV T4 Any N M0
Any T Any N M1

Table 3   WHO 2022 Classification of renal cell tumors

Clear cell renal tumors
 Clear cell renal cell carcinoma
 Multilocular cystic renal neoplasm of low malignant potential

Papillary renal tumors
 Papillary adenoma
 Papillary renal cell carcinoma

Oncocytic and chromophobe renal tumors
 Oncocytoma
 Chromophobe renal cell carcinoma
 Other oncocytic tumors of the kidney

Collecting duct tumors
 Collecting duct carcinoma

Other renal tumors
 Clear cell papillary renal cell tumor
 Mucinous tubular and spindle cell carcinoma
 Tubulocystic renal cell carcinoma
 Acquired cystic disease-associated renal cell carcinoma
 Eosinophilic solid and cystic RCC​
 Renal cell carcinoma, NOS

Molecularly defined renal carcinoma
 TFE3-rearranged renal cell carcinoma
 TFEB-altered renal cell carcinoma
 ELOC (formerly TCEB1-) mutated renal cell carcinoma
 Fumarate hydratase-deficient renal cell carcinoma
 Hereditary leiomyomatosis and renal cell carcinoma syndrome-

associated renal cell carcinoma
 Succinate dehydrogenase-deficient renal cell carcinoma
 ALK rearrenged renal cell carcinoma
 Medullary carcinoma, NOS
 SMARCB1-deficient medullary-like renal cell carcinoma
 SMARCB1-deficient undifferentiated renal cell carcinoma, NOS
 SMARCB1-deficient undifferentiated renal cell carcinoma of other 

specific subtypes
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In tumors smaller than 7 cm (T1) the recommended 
treatment is partial nephrectomy (via open, laparoscopic 
or robot-assisted laparoscopic approaches), a technique 
that enables similar results to be achieved with better 
preservation of renal function [32]. Radical nephrectomy 
is an alternative if partial nephrectomy is not possible. 
Ablative procedures are options for elderly patients or 
those with high surgical risk, and in cases of multiple 
bilateral tumors, such as hereditary RCC, especially in 
small tumors. Renal biopsy is recommended if surgery 
is not possible [33]. Active surveillance is an option in 
elderly patients with significant comorbidities or short 
life expectancy and solid tumors < 4 cm [34].

In T2 tumors measuring > 7 cm, laparoscopic radi-
cal nephrectomy is the treatment of choice, while open 
surgery is called for in T3 and T4 tumors, albeit lapa-
roscopic surgery can be contemplated in certain situa-
tions. Lymphadenectomy and suprarenalectomy are not 
indicated if there is no evidence of invasion on imaging 
tests(1), although the latter should be considered in upper 
pole tumors > 4 cm or > T3 [35].

The evidence regarding the treatment of venous throm-
bus is based on retrospective studies and poses a chal-
lenge not exempt of complications. Surgical intervention 
should be evaluated when feasible, as it may be associated 
with prolonged survival [36].

Adjuvant treatment

Until recently, several studies with angiogenesis and 
mTOR inhibitors had failed to demonstrate an overall 
survival benefit [37–42]; however, only one of the stud-
ies (in which sunitinib (S-TRAC) was administered) had 
demonstrated a disease-free survival benefit.

More recently, the results of a phase III trial have 
been published (Keynote-564), in which 994 intermedi-
ate- or high-risk patients (pT2 tumors with grade 4 or 
sarcomatoid features; pT3, any grade, node-negative 
tumors; pT4, any grade, node-negative tumors; any pT, 
any grade, node-positive tumors, or stage M1 with NED 
(defined as resection of the primary tumor and solid, iso-
lated, soft-tissue metastases) were randomized to receive 
pembrolizumab vs. placebo for 1 year [43]. A benefit in 
disease-free survival (primary endpoint of the study) was 
demonstrated at 24 months (77.3% vs. 68.1%; HR 0.68; 
95% CI 0.53–0.87; P = 0.002). A non-statistically signifi-
cant trend toward a benefit was seen in overall survival 
in the pembrolizumab arm (HR 0.54, 95% CI 0.30–0.96, 
P = 0.0164).

Neoadjuvant treatment should be deemed experimen-
tal, in as much as it has only been studied in small trials.

Recommendations

–	 Partial nephrectomy is recommended in T1 tumors, as 
well as in bilateral tumors or in patients with only one 
functioning kidney. Level of evidence: I. Grade of rec-
ommendation A.

–	 Radical nephrectomy is recommended in T2-4 tumors. 
Level of evidence: II. Grade of recommendation: A.

–	 Treatment with adjuvant pembrolizumab is an option 
for intermediate- or high-risk patients, as well as after 
complete resection of oligometastatic disease. More 
data are required in the future, including positive over-
all survival data. Level of evidence: I. Grade of recom-
mendation: C.

–	 Surgical intervention should be contemplated when fea-
sible, as it may be associated with prolonged survival. 
Level of evidence: III.

Clinical and genomic prognostic 
classifications

The Memorial Sloan Kettering Cancer Center classifica-
tion was formerly used for cytokine therapy [44]. Cur-
rently, the International Metastatic RCC Database Con-
sortium (IMDC), based on a cohort of 645 patients and 
subsequently validated, constitutes the gold-standard 
prognostic assessment model for systemic therapy for 
metastatic RCC. The IMDC system includes six validated 
prognostic factors: Time from diagnostic to systemic ther-
apy < 1 year; Karnofsky performance status (PS) < 80%; 
hemoglobin level below the lower limit of normal; cor-
rected calcium above the upper limit of normal; neutro-
phils above the upper limit of normal; platelets above the 
upper limit of normal. The model classifies patients as 
good (0 factors), intermediate (1–2 factors), and poor (3–6 
factors) risk [45, 46]. It has been validated in various piv-
otal randomized trials and is also predictive in second and 
successive lines of treatment and in non-clear cell RCC 
[47].

PD-L1 status has been studied to determine both its 
prognostic and predictive role. A meta-analysis appeared 
to establish the negative prognostic value of higher levels 
of expression of PD-L1 [48]. As for its possible predictive 
role, contradictory results have been reported in two meta-
analyses, including several first-line, immuno-oncology 
(IO) combinations randomized trials [49, 50]. Consider-
ing all information, PD-L1 is not ready for routine use in 
clinical practice.

In recent years, several molecular models have been 
studied with the aim of identifying a predictive value. 
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Beuselinck et  al. identified four molecular subgroups 
with different sensitivity to sunitinib. The ones that asso-
ciated better outcomes were ccrcc2 and ccrcc3 [51]. These 
subtypes were tested in a prospective, phase II trial with 
interesting results. Several prospective trials with IO com-
binations have inspired the intention to identify predic-
tive molecular subgroups. In IMmotion150, comparing 
atezolizumab/bevacizumab with atezolizumab or suni-
tinib and following atezolizumab or sunitinib, angiogenic 
and T-effector profiles correlated with different outcomes 
depending on therapy [52]. The JAVELIN Renal 101 trial 
compared avelumab + axitinib vs. sunitinib and the authors 
identified a 26-gene immune signature and an angiogen-
esis signature with a different survival benefit for each 
treatments [53]. Moreover, seven molecular subgroups 
were identified among the IMotion151 sample, proposing 
different activity profiles [54]. On the other hand, in the 
CheckMate 214 trial, an association between inflamma-
tory genes and survival was reported for IO combination 
[55, 56]. Nevertheless, none of these can be considered to 
possess any prognostic value.

To date, other biomarkers in tumor tissue, such as tumor-
infiltrating immune cells or tumor mutation burden, as well 
as circulating biomarkers, such as circulating DNA, soluble 
PD-L1, or cytokines and inflammatory markers, have failed 
to demonstrate a definitive prognostic or predictive role. In 
a recent communication, the presence of CD8 + T-cell tumor 
infiltration correlates with a lack of favorable PBRM1 muta-
tions, suggesting that there is a correlation between immune 
phenotypes and somatic alterations [57].

Recommendations:

•	 Clinical prognostic classification, preferably IMDC, 
should be used for treatment decision-making in mRCC. 
Level of evidence: I. Grade of recommendation: B.

•	 Genomic classification, including PD-L1 study, should 
not be used as a prognostic or predictive tool for treat-
ment decision-making in mRCC. Level of evidence: II. 
Grade of recommendation: C.

Role of surgery in advanced renal cell 
carcinoma

The role of surgery in advanced disease is limited to cytore-
ductive nephrectomy, metastasectomy in oligometastatic 
disease, and palliative nephrectomy due to symptoms.

The role of cytoreductive nephrectomy has been modified 
based on improvements in systemic treatments.

At the time of interferon immunotherapy, two randomized 
studies comparing nephrectomy followed by interferon 
alpha versus interferon alpha established the role of upfront 

cytoreductive nephrectomy after demonstrating an overall 
survival benefit [58, 59].

At the time of antiangiogenic monotherapy, two rand-
omized studies evaluated the role and timing of nephrec-
tomy in advanced disease [60–62]. Using a non-inferiority 
design, the CARMENA study compared upfront nephrec-
tomy followed by sunitinib with sunitinib alone in patients 
with intermediate and poor prognosis according to MSKCC 
criteria. The primary endpoint was median overall survival 
(18.4 months for sunitinib vs 13.9 months with surgery plus 
sunitinib; HR 0.89, 95% CI 0.71–1.10), thereby meeting the 
non-inferiority target (upper limit < 1.20)0.60 In a follow-
up analysis, it appears that cytoreductive nephrectomy may 
be beneficial for patients with a single risk factor [61]. The 
SURTIME study sought to compare upfront nephrectomy 
followed by sunitinib and delayed nephrectomy after three 
cycles of sunitinib, but closed prematurely due to poor 
recruitment. The primary endpoint was progression-free 
survival for delayed nephrectomy (32 months vs 15 months), 
whereas one of the secondary endpoints was overall survival. 
However, the study’s poor accrual (fewer than 100 patients) 
meant that overall survival was the object of exploratory 
analysis [62]. After these two studies, upfront cytoreductive 
nephrectomy could be recommended for patients with 0–1 
risk factors and good overall status, while those with ≥ 2 risk 
factors should be put on systemic treatment and nephrec-
tomy should be reserved for those whose response to such 
treatment is very good.

Some retrospective studies have assessed the role of 
cytoreductive nephrectomy. Two of them, in particular, are 
particularly salient. The National Cancer Database and the 
IMDC. The first analyzed 15,390 patients identified in the 
National Cancer Database who were treated between 2006 
and 2013 and revealed that overall survival was significantly 
better in nephrectomized patients (35%; 17.1 months vs 
7.7 months) [63]. The second study relied on the IMDC to 
identify, 4639 patients eligible to participate in the study. 
It, too, concluded that there is an overall survival benefit 
for nephrectomized versus non-nephrectomized patients and 
that said benefit does not differ whether they receive antian-
giogenic therapy or immunotherapy [64].

There are no prospective studies with current immu-
notherapy evaluating the role of nephrectomy; thus, phy-
sicians are recommended to follow the recommendations 
put forth during the era of antiangiogenic therapy while 
we await the results of the ongoing studies NORDIC-SUN, 
CYTOSHRINK, and PROBE.

As for metastasectomy in oligometastatic disease, there 
are different scenarios in which surgery can play a role, i.e., 
in subjects who present with synchronous oligometastatic 
(recommended when there are < 3 metastases), metachro-
nous (disease-free interval > 1 year), or residual disease fol-
lowing a good response to systemic treatment. The strongest 
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predictors of prolonged survival were a disease-free inter-
val from nephrectomy to metastases > 1 year, ≤ 2 vs > 2 sites 
(especially if the lung was involved as opposed to the brain), 
ECOG 0–1, and absence of sarcomatoid features [65]. Dif-
ferent forms of radiotherapy can also be considered as local 
treatment in selected cases.

Recommendations

–	 Debulking or cytoreductive nephrectomy should not be 
deemed mandatory in patients with intermediate-poor 
IMDC/MSKCC risk who require systemic therapy. Level 
of evidence: I. Grade of recommendation: A.

–	 Cytoreductive nephrectomy may play a role in the man-
agement of advanced renal cell carcinoma in individu-
als with limited metastatic burden amenable to surveil-
lance or metastasectomy, in patients requiring palliation, 
and potentially delayed cytoreductive nephrectomy in 
patients with a favorable response or stable disease after 
initial systemic therapy. Level of Evidence: II. Grade of 
recommendation: B.

–	 Metastasectomy can be contemplated in selected patients 
having a limited number of metastases or long metachro-
nous disease-free interval. Level of evidence: II. Grade 
or recommendation: C.

First‑line systemic therapy for metastatic 
clear cell RCC (mccRCC)

Metastatic ccRCC includes a variety of poorly understood 
clinical situations with different prognoses, including 
patients with indolent oligometastatic relapses, and others 
with very aggressive disease associated with short survival. 
On the other hand, most therapies available exert their effect 
by acting on the microenvironment instead of the tumor cells 
themselves.

For many decades, the only active treatments were non-
specific immunotherapies (interferon and IL-2) that were 
associated with high toxicity and 10% long-term survival in 
a selected subgroup of patients [66].

Following the discovery that RCC is closely associated 
with the loss of VHL gene activity, with increased VGEF 
and growth factors, angiogenesis, and anaerobic metabolism, 
a number of antiangiogenic tyrosine-kinase inhibitors (TKI) 
against the endothelium VGEF receptor (VEGFR) were 
developed and examined in phase III trials. These drugs 
exhibited a statistically significant increase in PFS against 
interferon (sunitinib [67]), placebo (pazopanib [68, 69]), and 
sorafenib (tivozanib [70]). TKIs achieved a median PFS of 
approximately 8–11 months and a median OS approach-
ing 2 years, becoming the standard first-line treatment for 

the overall population of patients with metastatic ccRCC. 
These results varied according to the prognostic subgroups 
described in the IMDC classification, which was specifically 
developed for patients with metastatic ccRCC treated with 
antiangiogenic TKIs or bevacizumab. TKIs were particularly 
effective for patients in the “good prognostic group”, who 
achieved a median OS of 43 months at a time when effec-
tive salvage treatments were not yet available [71]. Even 
in this subgroup, some authors recommend local treatment 
of metastases and/or close follow-up for selected, asymp-
tomatic, well-informed patients with the oligometastatic 
disease having a small tumor burden [72]. Finally, another 
VEGFR-TKI, cabozantinib, improved ORR and PFS com-
pared with sunitinib in a randomized phase II trial in sub-
jects with intermediate and poor risk [73], while the mTOR 
inhibitor (temsirolimus) was associated with longer OS 
versus interferon in a population of patients having a poor 
prognosis [74].

Recently, immune check point inhibitors (ICIs) promoting 
antigen presentation (Ipilimumab) or blocking antiPDL1/
PD1 signaling to reverse tumor immune evasion mechanisms 
(atezolizumab, avelumab, nivolumab or pembrolizumab) 
have been developed against RCC. Due to the poor results 
achieved with TKIs in the intermediate and poor IMDC sub-
groups, the Checmate-214 phase III trial compared the com-
bination of Ipilimumab-Nivolumab versus sunitinib in these 
subgroups and detected higher ORR and OS with the combi-
nation therapy [75]. After a median follow-up of 42 months, 
the median OS was 47 vs 26.6 months (HR: 0.66) and ORR 
42% (11% CR) vs 26% (2% CR) in favor of the combina-
tion of drugs; in addition, a plateau in PFS was observed at 
approximately 35% after 2 years in both study groups [76]. A 
post hoc analysis suggested that the OS benefit might persist 
in patients who discontinued therapy due to adverse side 
effects. After these results, the combination of Ipilimumab-
Nivolumab was considered standard for patients with IMDC 
intermediate-poor prognosis. In an exploratory analysis, no 
specific benefit was seen in the good-risk population.

Several combinations of ICIs and TKI anti-VEGFR have 
been compared with sunitinib in phase III trials. The IMmo-
tion 151 trial [77], demonstrated a 3.5-month increase in 
PFS with atezolizumab-bevacizumab in the PDL1 + sub-
group, but not in OS in the overall population [78]. Like-
wise, no significant increase in OS has been reported in the 
JAVELIN renal 101 trial with avelumab-axitinib, despite 
increased PFS in both the PDL1 + treatment arm and the 
overall study population [79].

However, three trials have clearly demonstrated the statis-
tically significant superiority of ICI-TKI combinations over 
sunitinib in ORR, PFS, and OS in the whole population of 
metastatic ccRCC. In the Keynote 426 study (pembroli-
zumab + axitinib vs sunitinib) [80], ORR was 59% vs 36%, 
median PFS 15.1 vs 11.1 months (HR 0.69), and median OS 
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was not reached vs 35.7 months (HR: 0.53). In the Check-
Mate 9ER trial (nivolumab + cabozantinib vs sunitinib) [81], 
ORR was 56% vs 27%, median PFS 16.6 vs 8.3 months (HR: 
0.51), and median OS was not reached in either group (HR: 
0.60). Finally, the CLEAR trial (lenvatinib + pembrolizumab 
vs sunitinib) demonstrated an ORR of 71% vs 36%, with 
median PFS of 24 vs 9 months (HR: 0.39), and median 
OS was not reached in either group (HR: 0.66) [82]. All 
of these trials have consistently reported up to 70% grade 
3 or higher adverse events of any cause both groups that 
are usually manageable, although as many as 5–20% of 
the participants discontinued of at least one of the drugs. 
Despite clear evidence of efficacy with the above combina-
tions, certain areas of uncertainty persist. First, it should be 
noted that there are no definitive predictive factors allowing 
the medical oncologist to choose the most appropriate treat-
ment for each patient. Second, indirect comparations among 
the ICI-TKI combinations are methodologically flawed 
given the differences in the baseline characteristics of the 
populations included in each trial. Third, all of these trials 
were designed to test hypothesis on the entire population of 
patients with metastatic ccRCC. Despite all the trials being 
stratified by IMDC or MSKCC prognostic classifications, 
subgroup analyses should be regarded as exploratory. More 
specifically, some uncertainty may arise with respect to the 
IMDC good prognosis subgroup, where none of the combi-
nations obtained a clear advantage in terms of OS, despite 
the fact that some combinations displayed a higher ORR and 
longer PFS over sunitinib in the subgroup analysis. On the 
other hand, exploratory analyses of these trials (including 
Checkmate 214) invariably exhibited an advantage in OS 
over sunitinib in the subgroup with sarcomatoid differen-
tiation (Fig. 1). Finally, an improvement in PFS has been 
reported recently with the triple combination of ipilimumab 
– nivolumab – cabozantinib vs sunitinib in the COSMIC-313 
trial; nevertheless, OS results are still pending [83].

Recommendations

Until predictive factors became reliable, the choice of first-
line treatment for patients with metastatic ccRCC should 
be based on the local availability of approved drugs, 
patient comorbidities and prognosis, including the need 
for a quick response, as well as the design of a global 
therapeutic strategy with salvage options for subjects who 
do not respond or who relapse (Fig. 1).

Considering the whole population of patients with met-
astatic ccRCC:

•	 The combination of pembrolizumab + axitinib, 
nivolumab + cabozantinib, or pembrolizumab + len-
vatinib can be considered the first options based on the 
benefit obtained in OS over sunitinib. Level of evidence: 
I. Grade of recommendation: A.

•	 Given its superiority on PFS over sunitinib, the com-
bination of avelumab + axitinib is an alternative when 
other combinations are not available. Level of evidence: 
I. Grade of recommendation: B.

•	 Sunitinib, pazopanib, and tivozanib are reasonable 
options when the above-mentioned combinations are not 
available. Level of evidence: I. Grade of recommenda-
tion: B.

In the context of an individualized decision-making 
based on IMDC subgroups, in addition to the above 
recommendations:

•	 In patients with IMDC intermediate or poor progno-
sis, Ipilimumab + nivolumab should also be considered 
standard, given the benefit observed in OS over sunitinib. 
Level of evidence: I. Grade of recommendation: A. In 
this subpopulation, cabozantinib could be preferable to 

Fig. 1   Advanced mccRCC First 
Line treatment. See text for 
levels of evidence
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sunitinib based on the longer PFS obtained in a rand-
omized phase II study. Level of evidence: I. Grade of rec-
ommendation: C Although not widely used, temsirolimus 
remains an option for poor-risk IMDC patients. Level of 
evidence: I. Grade of recommendation: C.

•	 No definitive evidence is available as to the benefit of 
the anti PD1/PDL1 plus either ipilimumab or TKI over 
sunitinib alone in the IMDC favourable subgroup. For 
asymptomatic patients with indolent and good-prognosis 
disease, active surveillance can be considered. Level of 
evidence: II. Grade of recommendation: C.

Second‑line treatment and sequences

In the past, the standard of care in first line was a TKI 
in monotherapy and many patients are still being treated 
with VEGF in monotherapy today. The anti-PD1 inhibi-
tor nivolumab [84, 85] or the oral TKI targeting VEGFR, 
MET, and AXL VEGFR-TKI cabozantinib [86, 87] are the 
standard treatment for patients progressing to a previous 
anti-VEGF treatment. Both trials demonstrated increased 
OS and PFS as compared to everolimus. The combination 
of lenvatinib (another anti-VEGFR1-3, -FGFR, and -PDGFR 
oral TKI) with everolimus [88] exhibited improved PFS over 
everolimus in a randomized phase II trial in this population.

With the advent of first-line IO-based combinations, the 
therapeutic sequence in mRCC has changed and prospec-
tive randomized studies exploring what to do after failure 
of IO-based combinations are lacking. Furthermore, the 
phase III TIVO-3 trial [89] revealed greater PFS associated 
with tivozanib compared to sorafenib in a heavily pretreated 
population.

Several retrospective series have investigated the useful-
ness of multiple tyrosine kinase inhibitors (sunitinib, pazo-
panib, axitinib, cabozantinib, lenvatinib-everolimus) after 
IO treatment [90–100]. On the whole, these series displayed 
an ORR between 20–54% and PFS or TTF ranging from 6 
to 13 months.

Prospective data exploring single-agent activity cabozan-
tinib comes from a post hoc analysis of the METEOR trial. 
Of 32 patients who had received prior IO therapy (5% of the 
total cohort), activity favored cabozantinib over everolimus 
consistent with the overall population, median PFS (HR, 
0.22), and a trend in overall survival with an ORR of 22% 
versus 0% [101]. A post hoc analysis from the TIVO-3 study, 
in which tivozanib was compared to sorafenib as third or 
fourth-line therapy in mRCC, also investigated the useful-
ness of tivozanib post-IO. Of 350 patients, 91 (26%) had 
previously received treatment with IO; median PFS favored 
tivozanib at 7.3  months compared to 5.1  months with 
sorafenib (hazard ratio 0.55). The overall response rate was 
not reported in this cohort.

Prospective data have also been published from small 
phase II trials with axitinib [102], cabozantinib [103], and 
sunitinib [104]. A phase II trial with dose escalation of 
axitinib was carried out in 40 patients who had received 
checkpoint inhibitor therapy as the most recent treatment. 
There was no limit on the number of previous therapies and 
70% had received prior VEGF therapy. The trial reported 
8.8 month PFS and an ORR of 45% [102]. In the Break-
point trial, 22 patients were treated with cabozantinib after 
adjuvant or first-line PD-1/PD-L1-based therapy (as mono-
therapy or in combination). The primary endpoint was PFS, 
which was 9.3 months and the ORR was 43% [103]. In the 
Immunosun trial, subjects who had progressed following a 
first-line regimen consisting of an ICI-based therapy were 
treated with sunitinib. PFS and ORR were 5.6 months and 
19%, respectively [104].

Recommendations

•	 In patients with advanced RCC previously treated with 
one or two antiangiogenic tyrosine-kinase inhibitors, 
nivolumab, and cabozantinib are the recommended 
options. Level of evidence: I. Grade of recommenda-
tion: A. Decisions to use either agent may be based on 
the expected toxicity and on contraindications for each 
drug, as randomized data is lacking.

•	 Axitinib, everolimus, lenvatinib + everolimus, and tivo-
zanib are alternatives for second-line, providing that 
they are available and patients cannot receive nivolumab 
or cabozantinib. Level of evidence: I. Grade of recom-
mendation: B. In addition, they may also be acceptable 
options following nivolumab and cabozantinib. Level of 
evidence: III. Grade of recommendation: C.

•	 For patients who progress after initial immunotherapy-
based treatment, we suggest treatment with an anti-
VEGFR TKI. Options include cabozantinib, axitinib, 
tivozanib, sunitinib, and pazopanib. Further research is 
required in this context. Level of evidence: III. Grade of 
recommendation: C.

•	 Patients should be encouraged to participate in clinical 
trials whenever possible.

Non‑clear renal cell renal carcinoma.

Approximately, 15–20% of renal cell carcinomas (RCC) 
are classified as non-clear cell renal cell carcinoma 
(nccRCC), which are then further divided into multiple 
distinct subtypes based on histological and molecular 
characteristics. Subtypes of nccRCC include papillary, 
chromophobe, collecting duct, renal medullary, and 
translocation RCC, which account for 10–15%, 5–7%, 



2741Clinical and Translational Oncology (2023) 25:2732–2748	

1 3

1–2%, < 1%, and < 1% of all RCCs, respectively [105]. 
All subtypes can have sarcomatoid differentiation. Median 
survival of individuals with localized nccRCC varies with 
histology, with more favorable outcomes in patients with 
papillary and chromophobe RCC. In the metastatic set-
ting, however, survival in all subtypes of nccRCC is uni-
formly worse compared to ccRCC, due to the inherent 
aggressiveness of these cancers and a lack of effective 
systemic treatment options [106]. These patients have 
significantly lower RR and poorer mPFS and mOS than 
those with ccRCC (ORR 10.5%, mPFS 7.4 months, and 
mOS 13.4 months) [107]. Clinical data are limited in these 
rare histological subtypes, which tend to be excluded from 
controlled phase III trials, and most antitumor activity 
data are derived from retrospective studies, expanded 
access programmes, and prospective single-arm stud-
ies. The treatment of localized forms (stages I, II, and 
III) is comparable to ccRCC. There is no evidence of 
the efficacy of adjuvant treatment, as the majority of tri-
als in the adjuvant setting did not include patients with 
nccRCC, and only two of them included a number too 
small as to enable any conclusions to be drawn. The role 
of cytoreduction in advanced disease is controversial, 
given that the CARMENA and SURTIME trials did not 
include nccRCC patients. Two retrospective series, the 
International Metastatic Database Consortium (IMDC) 
and the National Cancer Database (NCD) included 510 
and 3201 patients, respectively, with advanced nccRCC 
tumors. Both showed a significant impact on OS in favor 
of the arm that included surgery (20.6 vs. 9.6 and 17.1 vs. 
7.7 months, respectively) [107, 108]. Regarding metasta-
sectomy, nccRCC patients are scarcely reflected in clinical 
trials and subgroup analyses are not available. Therefore, 
cytoreductive nephrectomy and/or metastasectomy would 
be an option in some patients, and the decision must be 
made on a case-by-case basis. The first prospective data 
in advanced disease were collected from a subset analy-
sis of the phase III study of temsirolimus, which allowed 
non-clear-cell renal cell carcinoma and exhibited com-
parable efficacy with the clear-cell renal cell carcinoma 
cohort [109]. Three subsequent randomized phase II tri-
als comparing sunitinib to everolimus included a diverse 
array of non-clear histologies and provided evidence that 
front-line sunitinib induces better PFS, albeit to a modest 
degree, when compared with PFS observed in clear-cell 
disease [110–112]. These results were further supported 
by data from expanded access programs. A meta-analysis 
was performed that included 365 patients with advanced 
nccRCC. The pooled HR for PFS was 1.30 (95% CI 
0.91–1.86, p = 0.15), indicating a trend toward superior-
ity of sunitinib over everolimus, although the results failed 
to reach statistical significance [113]. Other anti-VEGFR 

tyrosine kinase inhibitors, such as axitinib and pazopanib, 
have been evaluated in small prospective series and ret-
rospective analyses that have yielded promising activity 
comparable to that achieved in the clear-cell popula-
tion [114–116]. Nevertheless, most of these studies only 
patients enrolled subjects with papillary and chromophobe 
tumors. A small retrospective study and real-world data 
from an Italian expanded access program have reported 
moderate efficacy with cabozantinib, revealing overall 
response rates of 23%, mPFS of 8 months, and mOS of 
12 months [117, 118]. As the majority of the papillary-
specific studies investigated the use of c-MET inhibition, 
due to the increased incidence of alterations in the MET 
proto-oncogene in these tumors [119], cMET inhibitors 
such as cabozantinib appear to represent an acceptable 
option instead of the usual anti-VEGF TKIs. The safety 
and efficacy of immune checkpoint inhibitors (ICIs) have 
been explored in nccRCC in the KEYNOTE-427 study of 
pembrolizumab, a subgroup analysis of the CheckMate 
374 study of nivolumab, and an expanded access program 
for nivolumab [120–122]. Additionally, a phase II trial 
of atezolizumab and bevacizumab included patients with 
nccRCC and clear cell renal cell carcinoma with sarcoma-
toid differentiation (sccRCC) [123]. Most of the patients 
had papillary RCC. ORRs ranged from 13 to 26%. Data 
from prospective studies with combinations of ICIs and 
TKIs are also available. In the CALYPSO phase I/II trial 
utilizing the combination of savolitinib + durvalumab, an 
ORR of 29% was achieved in 41 patients with papillary 
renal cell carcinoma (up to 40% in MET-driven tumors) 
[124, 125]. Cabozantinib and nivolumab have displayed 
activity as well in 47 nccRCC patients with different his-
tologies, with an ORR of 47.5% in papillary, unclassified, 
and translocation-associated RCC. In addition to these 
data, sarcomatoid histologies, tumors of the collecting 
ducts, and medullary renal carcinoma have traditionally 
been contemplated as benefitting from chemotherapy. Two 
series present their role in sarcomatoid histology, yield-
ing a modest benefit in these patients. Some data suggest 
that sarcomatoid tumors are highly inflamed tumors that 
usually associate poor-risk features and are sensitive to 
ICIs. Nevertheless, there are no randomized clinical tri-
als available to confirm the efficacy of immunotherapy 
in first-line treatment [126, 127]. Collecting-duct tumors 
tend to be resistant to systemic therapy. Nonetheless, plat-
inum-based chemotherapy is usually recommended based 
on small prospective and retrospective series. After first-
line therapy, there are insufficient data to allow any rec-
ommendation to be made. However, at least for papillary 
tumors, which are the most common non-ccRCCs, the use 
of the ccRCC algorithm is an acceptable option.
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Recommendations

–	 Clinical data are limited in nccRCC, which are usually 
excluded from controlled phase III trials. Therefore, 
enrolment into specific clinical trials is strongly recom-
mended. Level of evidence: V. Grade of evidence: A.

–	 There are no available data regarding post-nephrectomy 
adjuvant treatment in localized nccRCC.

–	 In the first-line setting, the most robust data exist for 
sunitinib, although other targeted therapies, such as 
TKI and mTOR have limited data. While specific data 
are not available, the choice of treatment should be 
based on each specific subtype:

•	 Papillary: Sunitinib: Level of evidence: II. Grade 
of evidence: B. Pazopanib: Level of evidence: III. 
Grade of evidence: C. Everolimus: Level of evi-
dence: II. Grade of evidence: C. Cabozantinib: 
Level of evidence: IV. Grade of evidence: c.

•	 Cromophobe: Sunitinib: Level of evidence: II. 
Grade of evidence: C. Pazopanib: Level of evi-
dence: III. Grade of evidence: C. Everolimus: 
Level of evidence: II. Grade of evidence: C.

•	 Collecting duct/Medullary: Cisplatin or carbopl-
atin- based regimen: Level of evidence: III. Grade 
of evidence: C.

•	 Sarcomatoid :  Suni t in ib .  Level  of  evi -
dence: II. Grade of evidence: B. Pazopanib: 
Level of evidence: III. Grade of evidence: C. 
Nivolumab+ipilimumab: Level of evidence: IV. 
Grade of evidence: C.

–	 After first-line, no recommendation is possible based on 
available data.

Methodology

This guideline has been developed based on the consensus 
of ten genitourinary medical oncologists, designed by the 
Spanish Society of Medical Oncology (SEOM) and the 
Spanish Oncology Genitourinary Group (SOGUG), and an 
external review panel comprising two experts designated 
by SEOM. The Infectious Diseases Society of America–US 
Public Health Service Grading System for Ranking Recom-
mendations in Clinical Guidelines has been used to assign 
levels of evidence and grades of recommendation (Table 4).

Table 4   Levels of evidence and grades of recommendation

*Although not included in the original table, systematic reviews and meta-analysis of well-designed randomized clinical trials have also been 
considered as the level of evidence I

Category, grade Criteria

Quality of evidence
 I Evidence from at least 1 properly randomized, controlled trial*
 II Evidence from at least 1 well-designed clinical trial without randomization, from cohort or case-controlled 

analytical studies (preferably from more than 1 center), or from multiple time series or dramatic results from 
uncontrolled experiments

 III Evidence from opinions of respected authorities based on clinical experience, descriptive studies, or reports of 
expert committees

Strength of recommendation
 A Both strong evidence of efficacy and substantial clinical benefit support recommendation for use. Should always 

be offered
 B Moderate evidence of efficacy, or strong evidence of efficacy but only limited clinical benefit, supports recom-

mendation for use
Should generally be offered

 C Evidence of efficacy is insufficient to support a recommendation for or against use, or evidence of efficacy might 
not outweigh adverse consequences (e.g., drug toxicity, drug interactions) or the cost of chemoprophylaxis or 
alternative approaches

Optional
 D Moderate evidence of lack of efficacy or of adverse outcome supports a recommendation against use

Should generally not be offered
 E Good evidence of lack of efficacy or of adverse outcome supports a recommendation against use

Should never be offered
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