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Renal cell carcinoma (RCC) is the 10th most common cancer in 
Canada, with an estimated 8100 new cases and 1950 deaths from 
the disease annually.1 Renal cell carcinoma accounts for more 
than 90% of kidney malignancies. Its incidence increases with 
age, with a global median age at diagnosis of 75 years,2 and 
males are twice as likely as females to be affected.2 People of 
Indigenous, Asian, and African heritage have been shown to have 
an increased risk of RCC.2 For localized RCC (tumour only in the 
kidney) cancer-specific survival is excellent at 98%, with a 5-year 
overall survival rate of 75%.3 The overall survival rate for meta-
static RCC is about 4 years but depends on factors such as 
patient age, performance status, and comorbidities.4 The diagno-
sis and treatment of both localized and metastatic RCC have 
evolved in recent years. Use of abdominal computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) has contributed 
to an increasing incidence of asymptomatic lesions being identi-
fied. This has also led to stage migration, where patients are 
diagnosed earlier in the course of their disease.2 Survival from 
RCC has also improved substantially with the emergence of 
immune checkpoint inhibitor combination therapies as a pre-
ferred first-line treatment for metastatic RCC. The evidence used 
in this review is described in Box 1.

Who is at risk of RCC?

Risk factors associated with development of RCC include increas-
ing age, smoking, excess body weight, and history of hyperten-
sion.2 Obesity is a strong risk factor for RCC. The theorized path-
ways linking the two are insulin resistance and abnormalities in 
the insulin-like growth factor 1 system, biosynthesis of sex hor-
mones, subclinical inflammation and oxidative stress, and altera-
tions in the gut microflora.2

How is RCC diagnosed and staged?

Patients with RCC may have symptoms such as hematuria and 
flank pain; a flank mass may be apparent on physical examina-
tion.2 This combination of symptoms and signs should prompt 
diagnostic imaging. A growing number of asymptomatic lesions 

are detected on incidental abdominal imaging.5 Small renal 
masses are solid, enhancing lesions that measure 4 cm or 
smaller visualized on CT, MRI, or abdominal ultrasonography, 
and 10%–30% are benign.5 Although RCC remains the leading 
diagnosis of small renal masses, the differential also includes 
acute myeloid leukemia, oncocytoma, and others. Fewer than 
2% of small renal masses are metastatic at the time of diagno-
sis, as metastatic potential is associated with tumour size, 
although this risk never reaches zero.5 When any renal mass is 
detected, referral should be made to a urologist. Initial investi-
gations that should be arranged by a generalist provider are 
outlined in Box 2.
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Key points
• Treatment for localized renal cell carcinoma (RCC) depends on 

patient factors, the size and location of the lesion, and its 
metastatic potential.

• Treatment options for localized RCC include surgical excision, 
ablation, and active surveillance.

• Immune checkpoint inhibitors have become a part of standard 
first-line treatments for metastatic RCC and are associated with 
long-term responses in some patients.

• Patients receiving immune checkpoint inhibitors should be 
monitored for immune-related toxicities.

• Although immune checkpoint inhibitors have improved survival 
among patients with metastatic RCC, most individuals 
eventually develop resistance to treatment.

Box 1: Evidence used in this review

We identified articles for this review by searches of MEDLINE, the 
American Society of Clinical Oncology library, and references from 
relevant articles, with various combinations of the search terms 
“renal cell carcinoma,” “RCC,” “RCC management and treatment,” 
“metastatic RCC,” “RCC guideline,” “RCC ablation,” 
“immunotherapy,” and “targeted therapy.” We included articles 
published only in English between Jan. 1, 2000, and Dec. 1, 2022.
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For patients with renal masses on imaging suspicious for RCC, 
urologists typically offer a percutaneous biopsy to confirm the 
histologic diagnosis, which is recommended for renal masses of 
any size.5,6 However, a biopsy is not suitable for all patients; for 
example, if a patient is not fit for invasive treatment, a biopsy 
may not be warranted when the results will not change 
management.5

Renal cell carcinoma is staged with the standard tumour, 
node, metastasis (TNM) nomenclature (Table 1).7 Metastatic RCC 
is further divided into 3 prognostic groups based on presence of 
6 risk factors described in Table 2 as per the International Meta-
static RCC Database Consortium (IMDC).8

What are the treatment options for patients 
with localized RCC?

Patients with small renal masses (≤ 4 cm, clinical stage T1a dis-
ease) can be considered for surgical management (partial or 
radical nephrectomy), ablative approaches, active surveillance, 
or observation. High-quality evidence comparing surgery, abla-
tive approaches, and active surveillance is lacking. Treatment 
decisions are individualized and should consider patient factors 
and tumour characteristics, in addition to patients’ values and 
preferences.5 For stages I to III RCC, partial or radical nephrec-
tomy is the preferred treatment for patients who are surgical 
candidates.6

Surgical management
Treatment options include either radical nephrectomy (removal 
of the kidney with the Gerota fascia) or partial nephrectomy 
(removal of the tumour with a margin of benign tissue).9 A sur-
gical approach is guided by the feasibility of partial nephrec-

tomy, as tumour size and location may make this option impos-
sible. When feasible, partial nephrectomy is preferred because of 
the decreased risk of long-term renal dysfunction associated 
with this nephron-sparing approach. Nephron sparing is particu-
larly important for patients with renal-threatening conditions 
such as diabetes. Whereas partial nephrectomy preserves renal 
function, there are increased risks of complications, including 
bleeding, with severe hemorrhage occurring in approximately 
3% of patients, as well as urinary fistulae.10,11 These procedures 
may be achieved via open, laparoscopic, or robotic approaches.12 
The decision will depend on patient and tumour factors as well 
as the expertise of the urologist.

Clinical and pathologic features (Table 1) determine recur-
rence risk and the surveillance strategy. After surgical resection, 
RCC can recur in 20%–40% of patients, with the highest risk in 
the first 5 years after nephrectomy.13 Renal cell carcinoma can 
metastasize to almost any soft tissue in the body, but most com-
monly to the lung, followed by bone, liver, brain, and local recur-
rence around the surgical bed.13

Nonsurgical management
For patients with localized RCC, several nonoperative 
approaches, with varying degrees of invasiveness and oncologic 
efficacy, may be used. For example, for some patients with 
tumours measuring less than 2 cm or with substantial frailty, the 
risk of disease progression may be outweighed by the risks of 
treatment, and active surveillance may be the most reasonable 
option.14 Longitudinal follow-up is performed with the goal of 
intervening with curative intent if oncologic risk increases and 
treatment is required.5,14 Intervention is often recommended if 
the overall growth rate is greater than 0.5 cm per year or when 
tumour size is greater than 4 cm,14 as the risk of metastatic 
potential increases. As per Canadian Urological Association 
guidelines, patients on active surveillance require abdominal 
imaging every 3–6 months during the first year, and every 
6–12 months thereafter with either multiphase contrast-
enhanced CT or ultrasonography, which can be alternated to 
reduce radiation exposure.5 Chest imaging should be done up 
to once a year to assess for pulmonary metastases.5

Ablative approaches for renal tumours include radiofre-
quency ablation, cryoablation, and stereotactic body radiother-
apy (SBRT). These offer several advantages for frail patients or 
patients who decline surgery for other reasons. Ablation tech-
niques reduce perioperative morbidity, avoid admission, and 
involve faster recovery time. Local control is excellent and can be 
greater than 90% for tumours measuring 4 cm or less.15 To date, 
no randomized studies have investigated ablative approaches 
compared with surgical techniques.15

Thermal ablation is the most common type of ablation avail-
able in Canada and includes radiofrequency ablation and cryoab-
lation. Both are performed either percutaneously or through a 
minor open procedure using local anesthesia. Thermal ablation is 
an outpatient procedure and is generally well tolerated. Local con-
trol is more than 90%, with the potential to repeat the procedure if 
failure occurs.3 Local control for thermal ablation is commonly 
defined as absence of contrast enhancement within the tumour on 

Box 2: Initial investigations required when a renal mass 
is detected5,6

Imaging
• Multiphase contrast-enhanced CT or gadolinium-enhanced MRI 

of the abdomen and pelvis

• Chest CT (preferred) or chest radiography

• If clinically indicated:

• Bone scan for patients with bone pain or imaging findings 
that suggest bone metastases

• Brain MRI for patients with neurological symptoms and signs

Serum tests
• CBC with differential, creatinine, electrolytes, glucose, calcium, 

and albumin

• If bone pain or bone metastases: alkaline phosphatase, lactate 
dehydrogenase

• If liver metastases: liver function tests

Urine tests
• Urinalysis

• If central renal mass: urine cytology

Note: CBC = complete blood count, CT = computed tomography, MRI = 
magnetic resonance imaging.
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contrast-enhanced CT or MRI.3 Common adverse effects of thermal 
ablation include pain at the incision site, fever, nausea, and small 
reduction in the estimated glomerular filtration rate; less common 
risks are bleeding and infection. Small tumours measuring less 
than 3 cm that are exophytic (tumour protrudes from the kidney’s 
surface) are ideal for thermal ablation, whereas larger or more 
central tumours have inferior control rates.3 Thermal ablation is 
generally recommended for stage T1a RCC.6

Stereotactic body radiotherapy is a form of external beam 
radiotherapy that delivers targeted radiation to the tumour over 
1–5 outpatient sessions, which combines to an ablative dose to 
the tumour. Common adverse effects are fatigue, nausea, and a 
small reduction in estimated glomerular filtration rate;16 uncom-
mon risks are damage to nearby bowel and rib fracture. Data that 
directly compare SBRT with other local treatments are lacking. A 
recent meta-analysis involving 190 patients treated with SBRT 
found that 94.5% achieved local control at 5 years for tumours 
measuring up to 7 cm.17 In comparison to thermal ablation, SBRT 

Table 1: Staging for renal cell carcinoma7

Category Description

T — Primary tumour

T1 Tumour ≤ 7 cm in greatest dimension, limited to the kidney

T1a Tumour ≤ 4 cm 

T1b Tumour > 4 cm but ≤ 7 cm

T2 Tumour > 7 cm in greatest dimension, limited to the kidney

T2a Tumour > 7 cm but ≤ 10 cm

T2b Tumour > 10 cm but limited to the kidney

T3 Tumour extends into major veins or perinephric tissues but not into ipsilateral adrenal gland and not beyond the Gerota fascia

T3a Tumour extends into the renal vein or its segmental branches, or invades the pelvicalyceal system, or perirenal or 
renal sinus fat

T3b Tumour grossly extends into the vena cava below the diaphragm

T3c Tumour grossly extends into the vena cave above the diaphragm or the wall of the vena cava

T4 Tumour invades beyond the Gerota fascia (including contiguous extension into the ipsilateral adrenal gland)

N — Regional lymph nodes

N0 No regional lymph node metastasis

N1 Metastasis in regional lymph node(s)

M — Distant metastasis

M0 No distant metastasis

M1 Distant metastasis

TNM stage grouping

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3 N0 M0

T1, T2, or T3 N1 M0

Stage IV T4 Any N M0

Any T Any N M1

Note: TNM = tumour, node, metastasis.

Table 2: International Metastatic RCC Database Consortium 
risk stratification criteria for metastatic disease8

IMDC criteria

• Hemoglobin < LLN

• Platelets > ULN

• Neutrophil count > ULN

• Corrected calcium > ULN

• Karnofsky Performance Scale score < 80%

• Time from diagnosis to systemic treatment < 1 year

IMDC risk group Score
Favourable risk 0

Intermediate risk 1–2

Poor risk 3–6

Note: IMDC = International Metastatic RCC Database Consortium, LLN = lower 
limit of normal, RCC = renal cell carcinoma, ULN = upper limit of normal. 
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is less invasive and less limited by tumour size and location. It 
can be considered for patients who are not candidates for sur-
gical resection, with stage I RCC and possibly stages II to III local-
ized RCC, although experts disagree.6 Long-term data are still 
needed for SBRT as initial reports have indicated viable tumour 
cells present on posttreatment biopsy.18 However, objective 
responses may occur months or years following treatment, due 
to delayed senescence of tumour cells.19

Role of postoperative systemic therapy
Pembrolizumab, an anti–programmed death-1 (anti-PD-1) anti-
body, is approved by Health Canada in the adjuvant setting for 
patients at higher risk of disease recurrence after nephrectomy 
based on pathological findings, including pT4 tumour, lymph node 
involvement, high grade, and presence of sarcomatoid features. 
Pembrolizumab showed a disease-free survival advantage com-
pared with placebo,20 and a recent updated analysis confirmed an 
overall survival advantage (overall survival medians not reached; 
hazard ratio 0.62, 95% confidence interval 0.44–0.87; p = 0.0024) 
after a median follow-up of 57 months.21 Other trials of adjuvant 
immune checkpoint inhibitor have not replicated the benefit seen 
with pembrolizumab. This may be due to important differences in 
patient population, and type and duration of therapy.22–25

A recent consensus statement from the Canadian Kidney Cancer 
forum suggests that patients at increased risk of disease recurrence 
should be informed of the role of adjuvant therapy, the uncertain-
ties regarding a survival benefit, and the risk of immune-related 
toxicities which, in rare cases, can cause lifelong morbidity.26

How should patients with metastatic disease 
be managed? 

A review found that 20%–40% of patients present with meta-
static disease at the time of initial diagnosis.27,28 Treatment of 
metastatic disease is mostly palliative in nature, aimed at 
improving symptoms and quality of life, and increasing lifespan. 
Patients with metastatic disease are first stratified into 
favourable-, intermediate-, and poor-risk groups per the IMDC 
score based on clinical and laboratory criteria, informing progno-
sis and guiding treatment approaches8 (Table 2).

Systemic therapy
The treatment landscape of metastatic clear cell RCC has greatly 
expanded over the last 20 years, moving away from first-generation 
immunotherapies, such as interferon and interleukin-2, to sys-
temic therapies targeting the vascular endothelial growth factor 
(VEGF) receptor, to immune checkpoint inhibitors for most 
patients with metastatic RCC. In the immune system, check-
points regulate the amplitude and quality of immune responses 
and prevent autoimmunity.29 Cancer cells should, under regular 
circumstances, be recognized by the immune system as “for-
eign” but can find ways to evade immune responses. The cyto-
toxic T-lymphocyte-associated antigen-4 (CTLA-4) and PD-1 are 
immune checkpoint pathways that can be inhibited with immune 
checkpoint inhibitors, subsequently activating the immune sys-
tem against cancer cells.30

Several immune checkpoint inhibitor–based regimens have 
shown improved outcomes for patients with metastatic RCC com-
pared with the previous standard sunitinib, a tyrosine kinase 
inhibitor (TKI), and are now approved for first-line treatment 
(Appendix 1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.230356/tab-related-content). The chance of complete 
response with sunitinib was in the order of 1%; however, combina-
tion immune checkpoint inhibitor therapy offers a 10% or greater 
chance for complete response (Appendix 1). Approved regimens 
include doublet immune checkpoint inhibitor therapies such as 
ipilimumab (anti-CTLA-4 antibody) plus nivolumab (anti-PD-1 anti-
body), or immune checkpoint inhibitor plus VEGF-TKI combina-
tions, such as pembrolizumab plus axitinib, pembrolizumab plus 
lenvatinib, and nivolumab plus cabozantinib. With nearly 8 years 
of follow-up from pivotal clinical trials, median survival for meta-
static RCC can now approach 47–55 months.4,31–34 In patients with 
IMDC intermediate- and poor-risk disease, survival has improved 
to 47 months compared with 27 months with sunitinib.4

Patients who receive immune checkpoint inhibitor–based ther-
apies are at high risk of immune-related adverse events, which can 
affect any organ system but most commonly include skin rashes, 
pruritus, diarrhea, and hypothyroidism.35 Onset can occur more 
than 1 year after treatment completion.36 Among patients treated 
with ipilimumab plus nivolumab, as many as 35% require high-dose 
corticosteroids to manage toxicity.35 Most patients with immune-
related adverse events will require systemic cortico steroids, such as 
prednisone 0.5–1 mg/kg taken orally, which should be managed in 
consultation with their oncologist. For patients refractory to ster-
oids, consultation with other specialists and initiation of alternative 
immunosuppressive agents is often required.36

The choice of initial systemic therapy is based on several fac-
tors, including IMDC risk group, patient comorbidities, and patient 
preference. Clinical trial participation is strongly encouraged in 
any treatment setting, as it may be a way for patients to access 
promising therapies that remain under investigation. Ipilimumab 
plus nivolumab is approved by Health Canada only in patients 
with intermediate- or poor-risk disease, whereas the immune 
checkpoint inhibitor plus VEGF-TKI combinations are approved 
regardless of IMDC risk group. In patients with bulky metastatic 
disease causing discomfort, immune checkpoint inhibitor–VEGF-
TKI combination may be preferred owing to higher objective 
response rates.37 For patients with multiple comorbidities, and 
particularly with contraindications to immunotherapy, first-line 
single-agent VEGF-TKI (sunitinib or pazopanib) can be con-
sider ed.38 Active surveillance is an option for some patients with a 
low burden of metastatic disease who are asymptomatic.38 After 
progression on or intolerance to first-line immune checkpoint 
inhibitor–based regimens, guidance from randomized trials for 
subsequent therapy is lacking, and the choice is made based on 
patient comorbidities, previous systemic therapy, and drug access 
through provincial funding or patient support programs.39

Despite the important advances in the treatment of meta-
static RCC, most patients will develop resistance to treatment, 
leading to cancer-related morbidity and mortality. Use of pre-
dict ive biomarkers to optimize treatment selection for individual 
patients is an area of ongoing investigation.
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Focal therapies for patients with metastatic disease
Cytoreductive nephrectomy refers to the surgical removal of 
the kidney and primary tumour even though the patient has 
known metastatic disease. Historically, cytoreductive nephrec-
tomy was a standard of care based on evidence from random-
ized trials that the procedure improved survival in patients 
treated with interferon.40 This practice continued after tyrosine 
kinase inhibitors became standard systemic therapy based on 
several large retrospective and population-based database 
studies showing improved survival.41,42 However, in 2018, the 
CARMENA (Cancer du Rein Metastatique Nephrectomie et 
Antiangiogéniques) trial showed noninferiority of sunitinib 
alone compared with cytoreductive nephrectomy and suni-
tinib for patients with intermediate or poor IMDC risk disease.43 
Cytoreductive nephrectomy has not been compared with the 
current standard of care, immunotherapy, and therefore is cur-
rently a controversial treatment option; however, cytoreduc-
tive nephrectomy is still discussed for some patients with 
meta static disease. Further, the CARMENA study showed that 
about 1 in 5 patients who do not receive cytoreductive 
nephrectomy will require palliative nephrectomy owing to 
pain or bleeding. Better defining the role of cytoreductive 
nephrectomy in metastatic RCC is the subject of ongoing clin-
ical trials as some subgroups of patients will benefit from this 
surgery, for example, those who are otherwise fit with oligo-
metastatic disease (e.g., ≤ 5 metastases). Currently the Ameri-
can Society of Clinical Oncology recommends that only select 
patients with 0–1 IMDC risk factors who can have a majority of 
their tumour burden removed at the time of surgery should be 
offered cytoreductive nephrectomy.44

Definitive metastasis-directed therapies, which include 
surgical resection or SBRT to all sites of disease, are recom-
mended for patients with oligometastatic disease.5,44 Metastasis-
directed therapies are associated with low toxicity rates and 
excellent local control (> 90%), which extend patients’ time 
on their current systemic treatment by approximately 
9 months, and lead to improved progression-free survival 
ranging from 8 to 15 months.45 A single-arm feasibility trial 
found that patients with low-volume disease (≤ 5 metastatic 
lesions) treated with SBRT to all metastatic sites had a 
progression-free survival of 22.7 months,46 and 82% of 
patients were alive and not on systemic therapy at 1 year. 
Clinical trials are ongoing to determine whether there is an 
overall survival benefit.47

Novel therapies for metastatic disease
Although some patients benefit from durable responses to 
immune checkpoint inhibitor–based treatments, most eventu-
ally develop disease progression. Different combination strat-
egies involving immune checkpoint inhibitors and several 
novel therapies that overcome acquired resistance and modu-
late immune responses are being actively studied.48 Poten-
tially promising therapeutic targets that remain under inves-
tigation include hypoxia-inducible factor 2 α inhibitor 
combinations, metabolomics, chimeric antigen receptor–T 
cell therapy, and modulation of the gut microbiome.48

Conclusion

The treatment of RCC has greatly expanded in the last 2 decades, 
ranging from minimally invasive surgical and ablative options, 
and active surveillance for selected patients with localized dis-
ease, to immune checkpoint inhibitor–based treatments becom-
ing standard for patients with metastatic disease. Systemic ther-
apy is now being used in earlier disease stages, and ongoing 
efforts are needed to better risk-stratify patients who would 
 benefit from adjuvant therapy. Immune checkpoint inhibitor–
based therapies have changed the treatment of metastatic 
 disease, with a subset of patients benefiting from long-term 
responses. As novel therapies emerge, the identification of bio-
markers to guide treatment selection will become crucial. Ques-
tions for future research are listed in Box 3.
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