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Abstract.12

Background: The SARS-CoV-2 pandemic still has a huge impact on the management of many chronic diseases such as
cancer. Few data are presently available reagarding how the management of renal cell carcinoma (RCC) has changed due to
this unprecedented situation.
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Objective: To discuss the challenges and issues of the diagnosis and treatment of RCC in the COVID-19 era, and to provide
recommendations based on the collected literature and our personal experience.
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Methods: Systematic review of the available Literature regarding the management of RCC during the SARS-CoV-2 pandemic.18

Results: Our review showed a prevalence of narrative publications, raising the issue of the real relevance of the evidence
retrieved. Indeed, the only original data about RCC and COVID-19 found were a small retrospective case series and two
surveys, providing either patients’ or physicians’ viewpoints.
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Conclusions: The expected delayed diagnosis of RCC could lead to an increase of advanced/metastatic cases; thus, proper
therapeutic choices for patients with small renal masses should be carefully evaluated case by case, in order to avoid negative
effects on long-term survival rates. The controversial interaction between immune checkpoint blockade and COVID-19
pathogenesis is more hypothetical than evidence-based, and thus immunotherapy should not be denied, whenever appropriate.
To avoid treatments which won’t have an impact on patients’ survival, a honest and accurate evaluation of the cost/benefit
ratio of each treatment option should be always performed. Finally, SARS-CoV-2 swab positivity should not prevent the
continuation of ongoing active treatments in asymptomatic cases, or or after symptoms’ resolution.
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INTRODUCTION30

While the “COVID-19 era”, unfortunately far from31

being relegated to 2019, is currently still ongoing,32
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every branch of Medicine is facing an unavoidable 33

rebalancing of the risk-benefit ratio. Every proce- 34

dure, every single clinical choice, is being reweighed 35

considering the health system’s new asset, currently 36

heavily burdened by the pandemic. From the delay 37

of the necessary diagnostic procedures, to the replan- 38

ning and amendment of clinical trials, the entire 39

health service chain has been shaken and redesigned 40

in light of the emergency due to SARS-CoV-2 41
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diffusion [1, 2]. As medical oncologists, we have the42

ethical mission of pursuing our cancer patients’ inter-43

est, balancing, on one hand, their right to the best44

diagnostic-therapeutic process, and on the other hand,45

their risk of contracting COVID-19 while following46

our therapeutic indications [3]. Conversly, diagnos-47

tic procedures and anticancer treatments presently48

constitute both the only opportunity of improving49

our patients’ outcome, as well as risk factors for50

COVID-related severe events. Cancer patients are51

highly exposed to high-risk hospital contacts (among52

patients themselves and with the healthcare person-53

nel), thus increasing the probability of being infected.54

Moreover, they are exposed to immunosuppression,55

iatrogenic consequences, and adverse events gen-56

erated by anticancer therapies, often leading to a57

significant risk of complications in case of SARS-58

CoV-2 infection [4–7]. With this scale to keep in59

difficult balance, and facing the concrete unavail-60

ability of the usually high-level medical services of61

developed countries (since most of our healthcare62

resources are currently strongly dedicated to the man-63

agement of COVID-19 outbreaks), we should rethink64

priorities and redesign flow-charts for our current65

approach to genitourinary malignancies [8]. The mul-66

tidisciplinary discussion has never been more critical67

than now for an optimized and tailored management68

of cancer patients, basing on the peculiar local reali-69

ties and a general pandemic-based common-sense.70

Since the beginning of the first COVID-19 out-71

break, the sharing of all the available knowledge has72

been important for supporting evidence-based deci-73

sions. With the same aim, we planned the present74

review to provide balanced coverage of this timely75

issue, and its controversial aspects, reporting all76

the evidence about the diagnostic and therapeutic77

approach to genitourinary cancers, particularly renal78

cell carcinoma (RCC), in the COVID-19 era. More-79

over, we tried to address some crucial controversies80

in this field, discussing the challenges of diagnos-81

ing and treating renal tumors in these dark times,82

and offering our recommendations based on the col-83

lected literature and our personal experience during84

the pandemic.85

METHODS86

The present review was performed in compli-87

ance with PRISMA guidelines [9]. We searched88

PubMed for studies published in English language89

from the inception of the database to November 18,90

2020. The two investigators (MB and CP) indepen- 91

dently performed the search. The following terms 92

were used: (((((genitourinary cancers[All Fields]) 93

OR (renal cancer[MeSH Terms])) OR (urothelial 94

cancer[MeSH Terms])) OR (prostate cancer[MeSH 95

Terms])) OR (testicular cancer[MeSH Terms])) AND 96

(COVID-19[MeSH Terms]). After the first selection 97

of publications, we screened the included articles’ 98

references for the recovery of any further eligi- 99

ble publication. Inclusion criteria were: 1) full-text 100

publications concerning the issue of genitourinary 101

cancer management during COVID-19 pandemic, 102

from diagnosis to local or systemic treatments; 2) 103

any type of narrative, systematic or investigational 104

paper, including original investigations, case series/ 105

reports, reviews, meta-analyses, commentaries, con- 106

sensus, editorials, and letters; 3) full-text in English. 107

We excluded non-pertinent publications and works 108

published as abstract only. The two investigators 109

independently reviewed publications to select the 110

eligible articles, while a single reviewer (MB) cate- 111

gorized the papers based on different primary tumors 112

and then classified the retrieved publications based on 113

article type for each primary genitourinary cancer. A 114

focus on kidney cancer publications was preplanned: 115

the two investigators extracted, reported, and com- 116

mented on data from all the publications concerning 117

this disease. Due to the expected high heterogene- 118

ity of the studies, we planned a qualitative analysis 119

only. After considering the published data, we have 120

drawn up some consensus recommendations about 121

key issues of interest in managing kidney tumors 122

during the COVID-19 pandemic. 123

RESULTS 124

General results 125

Our search retrieved 361 potentially relevant publi- 126

cations: 274 were excluded as not pertinent, while 87 127

works were identified for more detailed evaluation 128

and inclusion in the present review. All published 129

in 2020, these papers were screened and classified 130

according to the primary genitourinary tumor and, 131

within each primary cancer category, basing on the 132

article type. Figure 1 describes the search flow and 133

the selection and classification of the eligible pub- 134

lications [10–99]. The heterogeneity of the studies 135

was extremely high. The issue discussed included 136

diagnostics, surgery, radiotherapy, and systemic treat- 137

ments in the COVID-19 era. Overall, narrative papers 138

were 60 out of 87 works, without original data, only 139
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Fig. 1. Flow diagram of the study selection process for the qualitative analysis.

reporting or discussing results from other original140

investigations. The only prospective evidence came141

from a prostate cancer patient cohort, examining the142

role of androgen deprivation therapy (ADT) concern-143

ing SARS-CoV-2 infection and concluding that ADT144

did not appear to be protective against COVID-19145

[79]. Retrospective studies and institutional patient146

cohorts were reported in 16 publications throughout147

all genitourinary malignancies. At least one survey148

was conducted for each tumor type, with eight sur-149

veys published overall [37, 41, 48, 93–95, 98, 99].150

Finally, few case reports completed the roster of the151

selected publications (Fig. 1).152

The patient population of the original reports153

ranged from one to 4532 cases [47, 64]. The pri-154

mary tumor was mostly prostate cancer [49–91].155

Seven works were retrieved on RCC: only one was an156

original investigation, represented by a retrospective157

population-based cohort [92]; two were surveys (one158

of which with duplicated publication) [93–95], and159

four were narrative papers [96–99].160

Evidence on RCC161

The only original study, conducted in the Rus-162

sian Federation, retrospectively reported a total of 17163

SARS-CoV-2-positive RCC patients, with pneumo-164

nia developing in 53% of cases. Of them, 8 (42%)165

were affected by metastatic disease, and 7 were 166

undergoing active treatment. With the limitation of 167

small numbers, the authors described a relatively low 168

lethality of COVID-19, with 2 patients only (11.8%) 169

who died after the infection. The median delay of 170

RCC treatment (surgery or systemic) was 27.6 days, 171

but renal disease progression was found only in 172

one patient during COVID-19 or within the next 30 173

days. Hospitalization was required in the majority of 174

patients (10/17) [92]. 175

One of the surveys, by Aeppli et al., was con- 176

ducted interviewing RCC experts to ascertain their 177

systemic treatment algorithm outside and during the 178

coronavirus pandemic [93]. The authors observed 179

that attitudes towards metastatic RCC treatment mod- 180

ifications diverge based on resource constraints in 181

different countries. The most common modifications 182

during the pandemic were avoidance of immune 183

checkpoint inhibitors (ICIs), and frequent prefer- 184

ence for tyrosine kinase inhibitor (TKI) monotherapy. 185

Most oncologists changed treatment regimens by 186

extending cycle length in patients yet responding 187

to established therapies with ICI-based combina- 188

tions, holding one ICI or even both drugs (ICI/ICI 189

or ICI/TKI). The survey results and the investigator 190

discussion contributed to raise the awareness of the 191

uncertainties about the interplay of ICI and SARS- 192

CoV-2 infection, already discussed by oncologists 193
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since the beginning of the pandemic [100], but only194

partially supported by original data [101, 102].195

The further survey, by Staehler et al., with two196

different publications about clinical outcomes and197

financial toxicity, interviewed 539 patients, offering198

a patient-oriented perspective on treatment prefer-199

ences and anxiety levels generated by the pandemic200

[94, 95]. The investigators demonstrated that, besides201

high anxiety regarding COVID-19, most patients202

preferred not to defer therapy (51%), especially203

those receiving ICI immunotherapy. Furthermore,204

considering patients with localized disease (40%205

of cases, with active surveillance or in follow-up206

after surgery), the majority of subjects were unwill-207

ing to delay radiological assessments planned for208

their follow-up/surveillance program, despite their209

frequent perception of higher risk of COVID-19210

infection than the general population [94]. The finan-211

cial burden of COVID-19 was also assessed through212

a validated comprehensive score for financial toxicity213

(COST) patient-reported outcome measure [95]: the214

collected responses highlighted the severe financial215

impact of the pandemic in patients with RCC in the216

reality of the United States, where systemic therapies217

have one of the highest co-pays for patients [103].218

Among the narrative papers, Ivanyi et al. sum-219

marized the consensus recommendations by the220

Interdisciplinary working group on renal tumors221

(IAG-N) of the German Cancer Society for the sys-222

temic treatment of advanced/metastatic RCC in the223

context of the SARS-CoV-2 pandemic. The authors,224

beyond patient-based risk-benefit considerations,225

identified the poor prognosis patients, according to226

the International Metastatic Database Consortium227

(IMDC) model, as a category wherein the clear harm228

of the metastatic RCC and the oncological efficacy229

of ICI overweight the risk of pandemic associated230

concerns, thus strengthening the recommendation231

towards the choice of immunotherapy-based combi-232

nations [96].233

A urological consensus outlined relatively conser-234

vative attitudes about the surgical approach during235

the pandemic, preferring active surveillance in cT1a236

tumors, suggesting postponed surgery until 90 days in237

selected T1b-T2a cases, and encouraging minimally238

invasive surgery aimed at early hospital discharge239

for cT3 or worse tumors. Furthermore, the authors240

expressed a negative opinion about cytoreduction in241

metastatic RCC, both for low-risk oligometastatic242

patients and poor-intermediate categories, suggesting243

primary systemic therapy and considering postponed244

cytoreduction in good responders [97].245

Mihalopoulos and co-authors discussed the kid- 246

ney’s role in facilitating routes for SARS-CoV-2 entry 247

in cells, leading to increased virulence and clini- 248

cal manifestation in RCC, showing an overview of 249

the primary signaling targets of viral infection and 250

their association with renal disease. Their hypothesis- 251

generating reflections led to the proposal of a schema 252

for the current therapeutic management (blocking 253

ACE-2 receptor pathway and hence viral internaliza- 254

tion into host cells) and the suggestion for prevention 255

strategies for COVID-19 by controlling inflammation 256

and immunosuppression, and consequently augment- 257

ing cell response to virulence, in patients with under- 258

lying renal disease [98]. 259

Finally, authors from the Johns Hopkins Univer- 260

sity provided a treatment algorithm for advanced 261

RCC systemic therapy, suggesting off-label tailored 262

approaches, especially in patients with an intermedi- 263

ate risk of developing irAEs (such as patients with 264

psoriasis, coeliac disease, or type 1 diabetes melli- 265

tus), namely upfront axitinib monotherapy followed 266

by addition of pembrolizumab when COVID-19 267

risk subsides. Treatment break with serial follow-up 268

imaging was also suggested in cases with a complete 269

or deep partial response after one year of ICI treat- 270

ment, or even in non-progressive disease after two 271

years of therapy [99]. 272

DISCUSSION 273

Considering the high unmet need for data allow- 274

ing evidence-based choices for genitourinary cancer 275

patients (and RCC ones in particular) in the COVID- 276

19 era, we tried to provide all the available findings 277

with the present systematic work. Our aim was 278

collecting elements for supporting reasonable recom- 279

mendations about hot topics of interest in this field, 280

providing useful indications to manage everyday situ- 281

ations from the diagnosis to the systemic treatment of 282

renal tumors during the pandemic. Nevertheless, our 283

systematic search evidenced an evident prevalence 284

of narrative publications (69%), mainly constituted 285

by review works, suggesting the inevitable question 286

about what evidence has been reviewed. At the end 287

of the day, the only original data about renal cancer 288

and COVID-19 was constituted by a small retrospec- 289

tive case series and two surveys, the latters providing 290

either the patients’ or the physicians’ viewpoint 291

[92–94]. Also, in other genitourinary tumors, a single 292

prospective analysis was reported on prostate cancer, 293

and the few retrospective study findings on prostate 294

and urothelial cancers were not always consistent 295
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with each other [41, 42, 44, 45, 49, 50, 56, 60, 64,296

65, 67, 69, 79]. With this significant limitation, in the297

following paragraphs, we are going to provide our298

viewpoint and personal recommendations for man-299

aging the most frequent challenges in the diagnosis300

and treatment of renal cancer during the COVID-19301

pandemic.302

RCC diagnosis: Impact of delay on epidemiology303

RCC is not a tumor susceptible to routine screen-304

ing in an unselected population. Early-stage disease305

often represents an incidental finding during rou-306

tine ultrasound (US) assessments, performed for307

other indications, and frequently lacks symptoms.308

The widespread use of abdominal US, performed309

to investigate mild functional symptoms, allows the310

occasional diagnosis of small renal masses, usually311

susceptible to radical treatment [104].312

During the first outbreak of COVID-19, at the313

beginning of 2019 and in the subsequent months, the314

general population’s main feeling regarding hospitals315

was dominated by fear. Adult individuals, especially316

the elderly, were terrified about going to the hospital,317

being visited by a physician, staying in crowded wait-318

ing rooms [105]. Therefore, most individuals avoided319

unnecessary procedures, preventing the occasional320

finding of small asymptomatic masses, and possi-321

bly ignoring or underestimating the occurrence of322

symptoms and signs until their clear clinical manifes-323

tation. Together with this first impact on the possible324

delayed diagnosis of RCC, patients who were follow-325

ing a program of active surveillance for cystic or solid326

renal lesions, or a follow-up program after radical327

surgery of early renal cancer, often postponed their328

periodic assessment, frequently irrespectively of their329

willingness, during the lockdown [93]. The organi-330

zation of diagnostic procedures during COVID-19331

outbreaks was challenging in certain realities. Screen-332

ing swabs performed while approaching renal masses333

frequently revealed asymptomatic positive cases for334

SARS-CoV-2, triggering quarantine measures, and335

blocking the diagnostic path before reaching a diag-336

nosis. Finally, the interruption of surgical activities337

during severe COVID-19 outbreaks in our Country338

affected the number of patients undergoing resection339

of previously identified renal masses, preventing their340

surgical curability and generating a waiting gap dur-341

ing which the disease was likely to progress. Because342

of all these phenomena, the current temporary reduc-343

tion of limited-stage RCC diagnosis might lead to an344

increase of advanced diagnoses and metastatic cases,345

transiently modifying the disease’s epidemiologic sit- 346

uation in the next months and years [106]. In this 347

situation of an expected increase of metastatic RCC 348

numbers, given the recent innovations introduced 349

in the systemic treatment scenario, creating new 350

treatment algorithms (and rethinking plans for their 351

financial sustainability) will be even more crucial for 352

the future management of the advanced disease [107]. 353

Therapy of small renal masses: Surveillance or 354

treatment during the pandemic 355

Some authors extrapolated observational data on 356

treatment delays to estimate hazard ratios for diag- 357

nostic delay in the most common cancer types, 358

assuming that cancers with low 5-year survival rates 359

might have been less affected by diagnostic delay 360

than cancers with high survival rates [108]. Today, 361

few experimental data exist on the real consequences 362

of diagnostic delay in RCC. Recently, Srivastava 363

et al. reported the data from 29,746 patients who 364

underwent partial or radical nephrectomy. Based on 365

their analysis, delaying surgery > 3 months after diag- 366

nosis did not confer pT3a upstaging risk among 367

cT1b (OR = 0.90; 95% CI: 0.77–1.05, p = 0.170), 368

cT2a (OR = 0.90; 95% CI: 0.69–1.19, p = 0.454), 369

or cT2b lesions (OR = 0.96; 95% CI: 0.62–1.51, 370

p = 0.873) [109]. These data are undoubtedly com- 371

forting towards the possibility of delayed detection of 372

small renal masses due to the COVID-19 emergency. 373

However, before planning to intentional delaying 374

surgery due to COVID-19 after the finding of a renal 375

lesion, the availability of routine hospital resources 376

(i.e., radiologic assessment) should be carefully eval- 377

uated, preventing the risk of being unable to offer 378

proper surveillance in the case of prolonged out- 379

breaks. Current data support oncologic safety for 380

active surveillance in managing clinically localized 381

renal masses, in particular among elderly and/or 382

patients with comorbidities [110]. Compared to a sin- 383

gle surgical session, timely active surveillance may 384

be more difficult to warrant during emergency and 385

organizational unrest. The patients’ compliance must 386

also be assessed, especially concerning their anxiety 387

levels surrounding COVID-19 [93]. 388

Systemic treatment with vascular endothelial 389

growth factor receptors (VEGFR) tyrosine kinase 390

inhibitors (TKIs): Possible benefits also for 391

COVID-19? 392

The backbone of the systemic treatment for 393

advanced or metastatic RCC (mRCC) is still currently 394
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represented by VEGFR-TKIs. Considering the mech-395

anism of action of these agents, possible benefits396

could be expected even against COVID-19 pathogen-397

esis, especially with regard to COVID-19 pneumonia.398

Indeed, the expression of the ligand vascular endothe-399

lial growth factor (VEGF) is induced by hypoxia400

through activation of the hypoxia-inducible fac-401

tor (HIF)-1 pathway [111]. VEGF participates in402

lung inflammation and induces vascular permeabil-403

ity in SARS-CoV-2-infected lung tissues, resulting in404

plasma extravasation and pulmonary edema, further405

increasing tissue hypoxia [112, 113]. VEGF levels406

in patients with severe COVID-19 are markedly ele-407

vated, and VEGF-induced vascular effects, such as408

vascular disorganization and endothelial cell prolifer-409

ation, have been found in lung tissues with COVID-19410

pneumonia [114, 115]. Interestingly, favorable pre-411

liminary outcomes have been reported from the412

experimental therapeutic approach with the anti-413

VEGF monoclonal antibody bevacizumab in patients414

with severe COVID-19 [116].415

Considering this evidence, the systemic treatment416

with anti-VEGFR agents in mRCC patients during417

the pandemic does not imply particular concerns,418

possibly contributing to counteracting the pathogen-419

esis of COVID-19 beyond the anticancer therapeutic420

employment.421

Systemic treatment with immune checkpoint422

inhibitors: The two-faced Gianus423

Compared to systemic treatment with VEGFR-424

TKIs, the most recent immune-based therapies (either425

monotherapy or combinations) have raised several426

controversies in the COVID-19 era. It is currently427

clear that, for most patients, first-line treatment428

should be represented by an ICI-based combina-429

tion [107]. Nevertheless, some authors raised the430

issue of possible additional risk of immune-related431

toxicity in the case of concomitant SARS-CoV-2432

infection, given the similarities between ICI-related433

pneumonitis and COVID-pneumonia and the possi-434

ble triggering of cytokine release in both cases [117,435

118]. The issue is challenging, as several aspects436

should be considered, from the potential interfer-437

ence between COVID-19 pathogenesis and immune438

checkpoint blockade, to the likely pleiotropic func-439

tions of immune checkpoints in modulating the440

different phases of the immune response to SARS-441

CoV-2 infection [100].442

The other side of the coin, regarding ICI, is indeed443

represented by their potential therapeutic value444

beyond cancer treatment. Their capacity to restore 445

cellular immunocompetence may be exploited, par- 446

ticularly within the initial phase of the COVID-19 447

illness, to modulate the immune response to Sars- 448

Cov-2 infection in the viremic phase, influencing 449

the activity of T cells, modulating their cytokine 450

production, and avoiding progression into cytokine 451

storm, thus preventing the evolution in severe forms 452

of COVID-19 [119]. Based on the mechanisms of 453

action of ICIs and the current evidence, it has been 454

suggested by several authors that ICIs not only can 455

be safely administered to cancer patients also during 456

the pandemic, but they might even be beneficial in 457

COVID-19-positive cancer patients by exerting their 458

immune-stimulating action [120, 121]. 459

Beyond these two-faced considerations, in the cur- 460

rent lack of data for either detrimental or beneficial 461

effects of ICI during SARS-CoV-2 infection, the prin- 462

ciple of caution should be used. 463

Management of mRCC patients with SARS-CoV-2 464

positive swab: The risk-benefit challenge 465

Except for patients with favorable IMDC score, 466

possible candidates to active surveillance and easy 467

treatment delay or discontinuation in the case of 468

COVID-19 occurrence, it is not always possible 469

delaying systemic treatment for metastatic RCC 470

patients. Basing on our personal experience with 471

these patients during the pandemic in our Country, we 472

are going to propose two different algorithms based 473

on the timing of COVID-19 occurrence: 474

1) Patients with a new diagnosis of metastatic 475

RCC, in the case of COVID-19 occurrence 476

before therapy initiation, should be first treated 477

for symptomatic COVID-19, delaying the initi- 478

ation of cancer therapy after complete or at least 479

partial resolution of the acute clinical course 480

of the disease. When the symptomatic phase 481

of the infection is improved, with the absence 482

of fever ≥38◦ and respiratory impairment, 483

irrespective of the swab positivity’s persis- 484

tency, cancer treatment should be initiated to 485

avoid further progression of the oncological 486

disease. Provided the absence of pneumonitis 487

at the CT scan, ICI-based therapies must be 488

the preferred first-line approach for interme- 489

diate and poor-risk patients according to the 490

IMDC model [122]. In the case of persistent 491

interstitial pneumonia at the CT scan, after 492

resolving the respiratory impairment, cancer 493
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treatment could be initiated with VEGFR-TKI494

alone, postponing the combination with ICI and495

planning a bi-monthly radiological follow-up496

with high-resolution thoracic CT. At the res-497

olution of interstitial pneumonitis, (deferred)498

anti-PD-1 ICI must be associated (i.e., pem-499

brolizumab with axitinib or nivolumab with500

cabozantinib) for patients with intermediate or501

poor-risk disease, depending on each country502

drugs availability.503

2) Patients undergoing systemic treatment for504

metastatic RCC, in the case of COVID-19505

occurrence during ICI, should temporarily dis-506

continue cancer therapy until resolution of the507

acute clinical symptoms of the disease. In508

the case of VEGFR-TKI monotherapy, when509

severe symptoms of COVID-19 are improved,510

irrespective of the swab positivity, cancer treat-511

ment should be quickly resumed to avoid512

progression of the oncological disease. In the513

case of interstitial pneumonitis at the CT scan,514

even in asymptomatic patients, ICI-based ther-515

apies should be cautiously discontinued until516

radiological resolution.517

Research advances in RCC: Hints from518

COVID-19519

With the researchers’ typical attitude, renal can-520

cer experts from all over the world took the hints521

suggested by COVID-19 etiopathogenesis to fur-522

ther explore the underlying mechanisms behind renal523

carcinogenesis and tumor progression. Interestingly,524

angiotensin-converting enzyme 2 (ACE2), the sur-525

face protein serving as a functional receptor for526

SARS-CoV-2, was recently identified as a prognos-527

tic factor for RCC [123]. This research analyzed the528

difference in the survival rate according to ACE2529

expression levels in 31 types of cancer by using The530

Cancer Genome Atlas (TCGA) dataset. The survival531

curves demonstrated that in clear cell RCC (as well as532

in the case of uveal melanoma and prostate adenocar-533

cinoma) high ACE2 expression was related to a good534

prognosis. ACE inhibitors, widely used as therapeu-535

tic agents for hypertension treatment, are reported to536

upregulate ACE2 receptor expression [124]. There-537

fore, it was assumed that the use of ACE inhibitors,538

by increasing ACE2 expression levels, may improve539

survival rates in RCC patients.540

Once again, the black side of the coin is that high541

expression of ACE2, found in RCC, may be related to542

high susceptibility to coronavirus (CoVs) infection.543

Another research group investigated molecular pro- 544

filing data of the various proteins required for the 545

entry of the CoVs in normal tissues and cancer tissues, 546

confirming that renal tumors exhibited the highest 547

expression of ACE2 receptor. DPP4, ANPEP, and 548

ENPEP RNA expression were also elevated in RCC, 549

and these molecules have also been proposed as 550

co-receptors to initiate SARS-CoV-2 and other coron- 551

avirus infections. The authors suggested that, because 552

of such molecular expression, the infection risk could 553

be higher in RCC patients; furthermore, based on 554

the evidence that coronavirus can directly infect the 555

human kidney, it was hypothesized that the renal 556

tumor could act as a viral reservoir, distributing the 557

viral load. Finally, they also explored the possibility 558

that CoV receptors are involved in modulating tumor 559

immunity, demonstrating their association with high 560

immune infiltration, immunosuppression markers, 561

and T cell exhaustion [125]. 562

As a further step on this intriguing road, ACE2 was 563

very recently found to correlate with immunother- 564

apy response positively, and its upregulation was 565

associated with increased antitumor immune sig- 566

natures and PD-L1 expression [126]. Four cancer 567

cohorts receiving immune checkpoint blockade ther- 568

apy were tested: the high-ACE2-expression-level 569

tumors displayed a higher response rate than the 570

low-ACE2-expression-level tumors (in particular, the 571

objective response rate was 40% versus 20% in the 572

renal cell carcinoma cohort). These results suggest 573

that the ACE2 expression could be a positive predictor 574

for anti-PD-1/PD-L1 immunotherapy response. 575

CONCLUSIONS 576

Summarizing the evidence about RCC and 577

COVID-19, we are going to propose the following 578

conclusive highlights: 579

a) The literature offers more comments and opini- 580

ons, than original data, on genitourinary can- 581

cers, with most publications regarding prostate 582

cancer and only a few studies on RCC patients. 583

b) An impact of the delayed diagnosis on RCC epi- 584

demiology could be foreseen, with an increase 585

in RCC cases diagnosed in the metastatic setting 586

and possible consequences in sustainability. 587

c) The proper therapeutic choices for patients with 588

small renal masses should be carefully evalu- 589

ated case by case, in order to avoid negative 590

effects on long-term survival rates.
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d) The controversial interaction between immune591

checkpoint blockade and COVID-19 pathogen-592

esis is more hypothetical than evidence-based,593

suggesting prioritizing the concept that imm-594

unotherapy improves overall survival in mRCC595

patients, and the risk-benefit ratio is likely al-596

most always in favor of avoiding replacements.597

e) Too many advanced cancer patients, includ-598

ing RCC ones, receive treatments which won’t599

have any impact on their survival [127]; thus,600

before planning any treatments for a metastatic601

patint, a honest and accurate evaluation of the602

cost/benefit ratio of each considered treatment603

option should be performed, maintaining ethics604

at the forefront of our decision making process605

[127, 128].606

f) SARS-CoV-2 swab positivity should not pre-607

vent the continuation of the ongoing active608

anticancer therapy in asymptomatic cases or if609

the acute disease is solved (provided that organi-610

zational problems for the oncology unit access611

can be bypassed with domiciliary prescription612

or hospitalization in COVID-wards).613

Finally, the challenges generated by the SARS-614

CoV-2 pandemic also had a positive side, triggering615

the investigations and opening new questions about616

molecular and immunological mechanisms that were617

previously neglected.618
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