Case-control study assessing the impact of COVID19 in advanced kidney cancer patients
treated with antiangiogenics or immunotherapy. The COVID-REN study
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ABSTRACT (261/300)

Background: Cancer is a risk factor for developing severe COVID19. Additionally, SARS-
CoV2 has a special tropism for renal cells and complications like thrombosis or cytokine
storm could be enhanced by standard treatments in kidney cancer (i.e: antiangiogenics
or immunotherapy). Thus, understanding the impact of COVID19 in patients with this
tumor is key for their correct management.

Methods: We designed a retrospective case-control study comparing the outcome of
three groups of advanced kidney cancer patients on systemic treatment: cohort A
(developed COVID19 while on antiangiogenics), cohort B (developed COVID19 while on
immunotherapy) and cohort C (non-infected). Matching factors were age, gender and
treatment.

Results: 95 patients were recruited in 16 centers in Spain from September 2020 to May
2021. Finally, 85 were deemed as eligible (23 cohort A, 21 cohort B, 41 cohort C)

Patients with COVID required more dose interruptions (25 vs six) and hospitalizations
(10 vs none) than those without COVID (both p = 0.001). No difference between cohorts
A and B was observed regarding hospitalization or length of stay. No ICU admission was
registered and one patient in cohort B died due to COVID19. Regarding cancer evolution,
three patients in cohort A presented progressive disease after COVID19 compared to
two in cohort B. One case in cohort B, initially deemed as stable disease, achieved a
partial response after COVID19.

Conclusions: Kidney cancer patients that developed COVID19 while on systemic
therapy required more treatment interruptions and hospitalizations than those non-
infected. However, no significant impact on cancer outcome was observed. Also, no
difference was seen between cases on antiangiogenics or immunotherapy.



Main text (1796/4000)
Introduction

Cancer has been described as a risk factor for severe COVID19 and 20% of people who
died from this disease presented an active neoplasia (1, 2).

Importantly, most of the pathogenic factors for renal carcinoma (age, hypertension,
obesity, diabetes and smoking) have been associated with a severe infection (3).

Additionally, angiotensin-converting enzyme 2 (ACE2) and transmembrane protease
serine-type 2 (TMPRSS2) receptors play a relevant role in the entry of SARS-CoV2 into
the cell and are expressed in the kidneys (4). Thus, renal cells are one of the primary
targets of the virus (5).

Finally, some of the secondary effects of the standard treatments in kidney cancer
(antiangiogenics and immunotherapy), could enhance complications associated with
SARS-Cov2 like thrombosis or cytokine storm. (6, 7)

As a consequence, health authorities and medical associations recommended to modify
treatment schedules and patient management during the pandemic (8, 9, 10).

However, little experience has been communicated regarding the real impact of
COVID19 in the evolution of kidney cancer patients.

We aimed to compare the outcomes of these cases while on treatment with
antiangiogenics or immunotherapy among them and with paired patients that did not
get infected.

Methods
Study design

A retrospective, observational, case-control study was designed in a multicentric setting.

Study population

Advanced kidney cancer patients on systemic therapy during the pandemic were
eligible.

Patients were allocated into three different cohorts: Cohort A, kidney cancer cases who
were receiving antiangiogenics when got infected by SARS-CoV2; cohort B, cases who
developed COVID19 while on immunotherapy (alone or in combination with
antiangiogenics); cohort C, matched controls (did not suffered the infection while on
cancer treatment).

Matching factors were age, gender, and type of therapy.



SARS-Cov2 infection had to be confirmed by a positive PCR or serological test.

The study protocol was reviewed and approved by the ethics committee of the Hospital
HM Sanchinarro (Madrid [Spain]). Consent for participating in this study was obtained
from every patient.

Evaluation of response

To assess the potential effect of SARS-Cov2 on treatment efficacy, best tumor response
was annotated for all cohorts.

Evaluations of response before and after the COVID episode were also recorded in
cohorts A and B, to determine the evolution of tumors along SARSCoV-2 infection,.

Statistical analysis

Categorical variables are presented as absolute frequency (%) while quantitative
variables are presented as median (IQR). Inference for categorical variables has been
performed by Chi-squared test or Fisher test if needed. For quantitative variables, Mann-
Whitney U test was used for two groups comparison while Kruskal Wallis test was used
for multiple groups comparisons. All the statistical analyses were performed with R
(version 4.1.1). A statistical threshold of 0.05 was used for this study.

Results

From September 2020 to May 2021, up to 95 patients in 16 institutions in Spain were
included.

Five cases with COVID19 that were not on active treatment at the moment of the
infection and five controls that did not match any case were deemed as ineligible. Thus,
85 patients were considered as the study population and were distributed among the
study cohorts as follows: 23 (27%) in cohort A, 21 (25%) in cohort B, 41 (48%) in cohort
C.

Median age was 63 (range: 25-88, IQR: 57-72) and 22 (26%) were female. Regarding
their smoking history 15 (18%) were smokers, 29 (34%) former smokers and 40 (47%)
had never smoked. The histology of tumors was clear cell in 78 (92%), papillary in four
(5%), chromophobe in one (1%), rhabdoid associated with MIT translocation in one (1%)
and unknown in one (1%). According to Heng’s classification 29 (34%) were favorable,
34 (40%) intermediate and four (5%) poor risk patients (18 [21%] unknown). Finally, 38
(45%) were on first line treatment, 29 (34%) on second, seven (8%) on third and 11 (13%)
on fourth line or beyond. No statistically significant difference was observed among
groups regarding baseline characteristics. (Table 1).



The antiangiogenic drugs administered in cohort A were: cabozantinib (six patients
[26%]), pazopanib (five [22%]), sunitinib (ten [43%]) and tivozanib (two [9%]).

The Check Point Inhibitors (CPI) administered on cohort B, as single agents or in
combination, were: pembrolizumab (two patients [9%]), nivolumab (17 [81%]), and
atezolizumab (one [5%]). One patient (5%) was in a clinical trial with the drug MEDI5752,
plus an anti-PD1 and an anti-CTLA-4.

In cohort C, the distribution of drugs among patients receiving antiangiogenic alone was:
cabozantinib (35%), sunitinib (27%), pazopanib (23%), tivozanib (12%) and axitinib (3%).
All cases on CPI (alone or in combination) received nivolumab.

Treatment interruptions, dose reductions and hospitalization

In the overall study population 31 (36%) cases required treatment interruption, 6 (7%)
dose reductions and 10 (12%) hospitalization. (Table 2). No patient was admitted to the
ICU and one died due to COVID19 (cohort B).

Comparisons between COVID arms showed a non-significant trend towards a lower
frequency of treatment interruptions in patients on antiangiogenics vs CPI (48% vs 67%,
p = 0.34). Patients who got infected by SARS-CoV2 (cohorts A+B) required treatment
interruptions more frequently than those who did not (cohort C) (57 vs 15% [p = 0.001]).

Dose reductions were required only in 2 (9%) patients in cohort A and none in cohort B
(p = 0.49). Four cases (10%) in cohort C, lowered the dose along the study period (p =
0.41).

Regarding hospitalizations, no difference was observed between cohort A (4 [17%]) vs
B (6 [29%]) (p = 0.48). No patient was admitted to the participating institutions in cohort
C(p =0.001).

Median days of hospital stay was 7 (range 4-14, IQR 4-11) in cohort A and 10 (range 5-
42, IQR 6-15.5) in cohort B (p = 0.28). (Figure 1A)

Median duration of dose interruptions was 34 days (range 6-239, IQR 23-42) in the study
population, 30 (range 8-84, IQR 12.5-34) in cohort A and 36 (range 12-68, IQR 30-42) in
cohort B (p =0.27). (Figure 1B)

Overall, patients with COVID19 (cohort A+B) interrupted treatment during 30 days
(range 8-84, IQR 19-40) and those non-infected (cohort C) during 40 days (range 6-239,
IQR 37-43 [p = 0.27]). (Figure 1B)

In order to directly compare patients to their matching controls, cohort C was subdivided
among those who had received antiangiogenics (Ca) and (Cs). (Figure 1C).

Median days of treatment interruption in the Ca cohort was 38 (range 6-42, IQR 22-40
days) and 43 (range 36-239, IQR 40-141 days) in the cohort Cs. No difference was
observed when compared to cohorts A or B respectively.



Treatment response

Tumor response evaluation was available in 63 patients. As a whole, eight (42%) cases
in cohort A, 10 (63%) in cohort B and 18 (64%) in cohort C achieved an objective
response. Regarding clinical benefit numbers were 16 (84%), 12 (75%) and 25 (89%)
respectively. Finally, 3 (16%) patients progressed in cohort A, 4 in cohort B (25%) and 3
(11%) in cohort C. No comparison between cohorts A vs B or infected (A+B) vs non
infected (C) reached statistical significance. (Table 3)

Regarding the evolution of the tumor after the infection, three cases in cohort A and
two in cohort B progressed. One case in cohort B, initially deemed as stable disease,
achieved a partial response after COVID19 (Figure 2).

Discussion

SARS-CoV2 presents a tropism for renal cells and therapies usually administered in
kidney cancer, antiangiogenics and immunotherapy, may enhance complications of
COVID19 like thrombosis or hyperinflammation. Thus, we designed a case-control study
to compare the outcome of advanced renal cancer patients who got infected while on
systemic treatment with cases who did not. The analysis of 85 eligible patients showed
that SARS-CoV2 significantly led to more treatment interruptions and hospital
admissions. However, no impact on mortality or response to therapy was observed.

Early in the SARS-CoV2 outbreak, cancer was identified as a risk factor for severe disease.
Additionally, some oncological therapies demonstrated to conditionate a worse
outcome (11). Intriguingly, the description of some tumor responses in patients who got
COVID1Y9, led to the notion that immune activation by SARS-CoV2 could play a role in
terms of efficacy (12, 13)

Some particularities of kidney cancer regarding COVID19 (like the expression of
receptors that the virus requires to access eukaryotic cells and the overlap between
secondary effects due to therapy and complications of SARS-CoV2) represent a major
concern. Though several authors have analyzed the patterns of treatment of renal
tumors along the pandemic, no direct comparison between patients infected and non-
infected has been presented (14).

Thus, we conducted a case-control study to better characterize the evolution of kidney
cancer patients who suffered COVID19 and to explore the differences between cases on
antiangiogenics and immunotherapy.

Regarding the selection of controls, we established age, gender and type of therapy as
the matching factors.

As expected, the cohorts with COVID19 significantly required treatment interruption
and hospital admission more frequently than non-COVID patients. However, length of



stay was similar among those receiving antiangiogenics or immunotherapy, none
required ICU support and only one patient died from the disease.

These results are in line with prior communications in lung cancer and other tumors
where CPI did not increase the mortality of COVID19 (15, 16).

Interestingly, duration of treatment interruptions was similar among all cohorts. This
points to a relatively low incidence of severe COVID19, generally not requiring definitive
withdrawal of therapy and reintroducing treatments shortly.

Accordingly, Grivas et al in a retrospective analysis of around 5000 cancer patients,
identified chemotherapy and DNA methyltransferase inhibitors as the only therapies
related with a worse outcome (11).

Regarding treatment modifications, cases on immunotherapy did not require dose
reductions. This is likely due to the flat dose schedules widely adopted nowadays rather
than to a clinical or biological difference with antiangiogenics.

Importantly, all results remained consistent when the control cohort was subdivided in
patients on antiangiogenics and immunotherapy (cohorts Caand Cg) and compared to
the matched cases.

Finally, overall response rate was similar among study cohorts. Only one case who had
achieved stable disease before COVID, improved the tumor response evaluation after
the disease. Thus, SARS-CoV2 infection does not seem to have neither a detrimental nor
a beneficial effect.

Some limitations of our work must be highlighted. Frist, retrospective studies usually
imply a selection bias that could lead to underrepresentation of cases with poor
outcome. Second, since matching factors are limited, some additional characteristics
like comorbidities, chronic medications, or heterogenic management of COVID19 in
different institutions could be disbalanced among cohorts.

Finally, our study did not address the long term evolution of patients included. Also,
many therapeutic options, currently used in COVID19, were not available by the time of
the work.

Conclusions

COVID19 led to more dose interruptions and hospitalizations in advanced kidney cancer
patients who were on systemic therapy compared to non-infected cases. However, no
impact in tumor response or mortality was observed. Also, no significant difference was
seen between those receiving antiangiogenics or immunotherapy.



Tables & figures

Table 1. Demographics of study population. * Kruskal-Wallis test, ¥ Chi-squared test, * Fisher

test.
Total Cohort A Cohort B Cohort C P value
(n=85) (n=23) (n=21) (n=41)

AGE (years) 63 (57-72) 63 (57-73) 63 (54-71) 63 (57-72) 0.80°
GENDER

Male 63 (74%) 17 (74%) 17 (81%) 29 (71%) 0.69°
Female 22 (26%) 6 (26%) 4 (19%) 12 (29%)

SMOKER

STATUS

Smoker 15 (18%) 4 (17%) 4 (19%) 7 (17%) 0.95f
Former smoker 29 (34%) 7 (31%) 8 (38%) 14 (34%)

Never smoked 40 (47%) 12 (52%) 8 (38%) 20 (49%)

Unknown 1(1%) 0 1 (5%) 0

HISTOLOGY

Clear cell 78 (92%) 19 (83%) 20 (95%) 39 (95%)

Papillary 4 (5%) 2 (9%) 1 (5%) 1(2%) 0.28t
Chromophobe 1(1%) 1 (4%) 0 0

Rhabdoid 1(1%) 1(4%) 0 0

Unknown 1(1%) 0 0 1(2%)
NEPHRECTOMY

Yes 72 (85%) 20 (87%) 17 (81%) 35 (85%) 0.86f
No 13 (15%) 3 (13%) 4 (19%) 6 (15%)

HENG

PROGNOSTIC

Favorable 29 (34%) 7 (30%) 6 (28%) 16 (39%)
Intermediate 34 (40%) 8 (35%) 9 (43%) 17 (41%) 0.77¢
Poor 4 (5%) 2 (9%) 1 (5%) 1(2%)

Unknown 18 (21%) 6 (26%) 5 (24%) 7 (17%)

LINES OF

TREATMENT

1 38 (45%) 11 (48%) 8 (38%) 19 (46%)

2 29 (34%) 5(22%) 9 (42%) 15 (37%) 0.70%
3 7 (8%) 2 (8%) 2 (10%) 3(7%)

>4 11 (13%) 5(22%) 2 (10%) 4 (10%)




Table 2. Treatment modifications and hospitalization

Total Cohort A CohortB  Cohort A+B  Cohort C P value
(n=85) (n=23) (n=21) (n=44) (n=41)
TREATMENT . . . . . 0.001
INTERRUMPTION 31 (36%) 11 (48%) 14 (67%) 25 (57%) 6 (15%)
TREATMENT . . . . 0.41
REDUCTION 6 (7%) 2 (9%) 0 2 (5%) 4 (10%)
HOSPITALIZATION 10 (12%) 4 (17%) 6(29%) 10 (23%) 0 0.001
Table 3. Tumor response in the whole population and by study arm
PATIENT Total Cohort A Cohort B Cohort C
RESPONSES (n=85) (n=23) (n=21) (n=41)
Responses 0 0 0 o
(PR+CR) 36 (42%) 8 (42%) 10 (63%) 18 (64%)
Clinical benefit 0 0 o 0
(PR+CR+SD) 53 (62%) 16 (84%) 12 (75%) 25 (89%)
:’;gfressm" 10 (12%) 3 (16%) 4 (25%) 3 (11%)
Unknown 22 4 5 13




Figure 1. Days of hospitalization and treatment interruption by study cohort. A) Hospitalization
days Cohort A vs B. B) Treatment interruption days Cohort A vs B and A+B (infected) vs C (non-
infected). C) Treatment interruption days Cohort A vs Ca and B vs Cg.
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Figure 2. Evolution of tumor response before and after COVID19 in Cohorts A (A) and B (B). CR
(complete response), PR (partial response), SD (stable disease), PD (progressive disease). “PRE-
COVID” means tumor evaluation before and “POST-COVID” after the COVID episode. Lines
represent tumor evolution: grey (no change), red (tumor growth) and blue (tumor shrinkage).
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