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Abstract

Objectives: The main treatment for metastatic prostate cancer is androgen deprivation therapy. The relationship be-
tween ADT and SARSCoV-2 virus was intensively investigated since the COVID 19 pandemic began. To perform a meta-
analysis to evaluate the effect of androgen deprivation therapy (ADT) on COVID-19 in patients with prostate cancer.
Methods: On January 11%, a comprehensive literature search was conducted following PRISMA guidelines in the
PubMed, Scopus, Embase, and Web of Science databases, and an update was conducted on January 24 for this search.
Results: Eight papers were included for systematic review. Five studies were suitable for meta-analysis. The incidence
of SARS-CoV-2 infection among patients who were receiving ADT was 3.0%. ADT was not associated with a lower in-
cidence of SARS-CoV-2 infection (95% Cl: 0.56-1.58, RR = 0.94, p=.82; 12 = 66%, p=.02). Mortality was around 28% and
there was no significant relationship between ADT use and mortality (95% Cl: 0.61-1.69, RR = 1.01, p=.96).
Conclusion: It is difficult to say that there is a relationship between use of ADT and the risk of death due to COVID-19
infection. But there is also no evidence to suggest that ADT causes the risk of death from COVID-19.
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he COVID-19 outbreak caused by Severe Acute Respi-

ratory Syndrome Coronavirus 2 (SARS-CoV-2), which
started with a case detected in China on 12 December
2019, was defined as a pandemic by the World Health
Organization (WHO) on 11 March 2020."" As of 21 July,
WHO reported 14,348,858 confirmed cases of COVID-19
and 603,691 deaths worldwide.””? One of the most impor-
tant problems caused by pandemics is the difficulty in the
management of chronic diseases, the frequency of which
is increasing with the prolongation of life expectancy in

Address for correspondence: Huseyin Salih Semiz, MD. Tibbi Onkoloji Anabilim Dali, Dokuz Eylul Universitesi, Onkoloji Enstitusu, Izmir, Turkiye

Phone: +90 533 718 20 06 E-mail: hsalihsemiz@hotmail.com

Submitted Date: March 23, 2022 Accepted Date: June 22, 2022 Available Online Date: July 21, 2022

©Copyright 2022 by Eurasian Journal of Medicine and Investigation - Available online at www.ejmi.org
OPEN ACCESS This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

today's world. Today, cancer constitutes a very impor-
tant subset of chronic diseases. It is obvious that the fight
against this disease, which is currently very difficult to
manage, requires the participation of many branches and
is quite deadly, has become even more difficult during the
COVID-19 pandemic. But cancer and cancer-related deaths
are just as important as the COVID-19 outbreak.® This re-
veals the need to continue follow-up and treatment of pa-
tients even during the pandemic. Studies conducted after
the onset of the pandemic showed that advanced age and
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the presence of comorbidities cause more severe COVID 19
clinical tableau and increased mortality."™ Cancer patients
constitute the highest risk patient group during the pan-
demic due to both underlying disease, most cancers occur
at advanced age, and many chronic diseases increase with
age. One of the most important of these cancers is prostate
cancer. Prostate cancer is the second most common cancer
in men.® The main method in the treatment of metastatic
prostate cancer (mPCa) is testosterone suppressive thera-
pies, also called androgen deprivation therapy (ADT). Tes-
tosterone suppression can be achieved by surgical castra-
tion (orchiectomy) or medical castration (with luteinizing
hormone-releasing hormone analogues or antagonists).
The relationship between androgens, anti-androgen thera-
pies, ADT and SARSCoV-2 virus was intensively investigated
since the COVID 19 pandemic began. Since the beginning
of the pandemic, a rich literature has emerged, from stud-
ies showing that the spike proteins of the virus inhibit the
growth of prostate cancer cells, to studies showing that
anti-androgen drugs can be used for the treatment of CO-
VID-19.1"The TMPRSS2 protein was shown to have proteo-
lytic activity for entry of SARS-CoV?2 into airway epithelium.
BIThe TMPRSS2 gene and protein, which are already known
to have a role in the pathogenesis of prostate carcinoma,
were the focus of research in this patient group after the
pandemic.”? The TMPRSS2 protein, whose expression is in-
creased in the presence of high androgens, was expected
to decrease in prostate carcinoma patients receiving ADT,
and thus, ADT would theoretically be protective against
COVID-19.1% Unfortunately, clinical practice did not match
this theory. The relationship between androgen-suppress-
ing therapies and COVID 19 has not been clarified yet. New
studies are emerging on this subject every day. For this rea-
son, there is a need to conduct a meta-analysis of studies
examining this issue.

Methods

Literature Search

The PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analysis) guidelines were followed during
the design, analysis, and reporting of this systematic review
and meta-analysis."" On January 11%, a comprehensive lit-
erature search was conducted of the PubMed, Scopus, Em-
base, and Web of Science databases, and an update was
conducted on January 24 for this search. Four factors were
considered for the search query lines when choosing the
keywords: "ADT", "androgen deprivation therapy", "SARS-
CoV-2", and "COVID-19". The keywords were combined us-
ing Medical Subject Headings (MeSH), text terms, and the
Boolean operators AND/OR were used to integrate the key-
words. The search strategy was developed in the PubMed

database and applied to other databases (Web of Science,
Scopus and Embase).

Inclusion/Exclusion Criteria

Original clinical studies about the impact of ADT on CO-
VID-19 from the beginning of the pandemic to January
24 were included in this study. Original research that was
published in the English language were researched, and
no other types of paper were examined. Exclusion criteria:
i) reviews, guidelines, opinions, or other non-original data
publications; ii) case studies; iii) projects and clinical trials
that were incomplete; and iv) no clinical evidence from ani-
mal and laboratory studies

PICOs:

1. Population: “Patients with prostate cancer”
2. Intervention:“Receiving ADT”

3. Comparison:“Not receiving ADT”

4

. Outcomes: i) “COVID-19 infection risk”; ii) “COVID-19 sever-
ity risk’; including: a) “ICU admission’, and b) “Mortality risk”.

Data Extraction and Acquisition

Two independent reviewers examined the article titles and
abstracts, and any differences amongst co-authors regard-
ing which papers were eligible and which were not were
handled using Delphi consensus criteria.l'? Paper abstracts
and full-texts were read, and the data was extracted into a
pre-defined spreadsheet created using Microsoft Excel®. CO-
VID-19 infection incidence, intensive care unit (ICU) admis-
sion, and death (mortality) were separated into three groups
and their risks were evaluated. Location, population, and
mean age (if given) were also extracted into the same excel
file, in addition to the three key outcomes indicated above.

To overcome data limitations - in case of missing data or
doubt- the corresponding author(s) of the articles were
contacted via email to obtain more details.

Statistical Analysis

Forest plots were utilized to compute and graphically il-
lustrate the risk ratio (RR) with 95% confidence interval (Cl)
of COVID-19 infection, incidence and mortality rates in the
treatment and control groups, and to summarize them. All
research that reported COVID-19 infection and/or mortal-
ity and ICU admission rates as an outcome were evaluated
in primary and secondary meta-analyses. Cochrane's Q test
and I? statistics were used to assess study heterogeneity.' A
p<0.05 in Cochrane's Q tests and a ratio of less than 50% in
I2 statistics revealed significant heterogeneity."? If the find-
ings were heterogeneous, the analysis was carried out using
random-effect models. Non-heterogeneous findings were
calculated using fixed-effects models. For each significant



outcome in our research, Egger's test and a funnel plot were
utilized to examine the possibility of publication bias. The
risk of bias in the included studies was calculated using the
Newcastle-Ottawa Scale (NOS)™ risk assessment method
(Table 1). For each study, this instrument assigns a maximum
score of nine in three categories: selection, comparability,
and exposure. The statistical significance level was deter-
mined at p<0.05. The Cochrane Collaboration Review Man-
ager (RevMan v.5.4; Cochrane Collaboration, Oxford, UK) and
ProMeta3® software were used to conduct all of the analyses.

Results

A total of 289 articles were found, with 73 in the Web of Sci-
ence, 57 in the PubMed, 62 in the Embase, and 97 in the Sco-
pus databases. After a preliminary review and the elimination
of duplicates, 143 papers were chosen for further evaluation.
Figure 1 shows a flow diagram demonstrating the selection
process. Eight papers were included for systematic review
after applying the inclusion and exclusion criteria. Because
of the lack of SARS-Cov-2 infection incidence, Godeborg et
al. and Schmidt et al. were omitted from the meta-analysis.
115241 Six studies were suitable for meta-analysis because they
included both ADT (+) and ADT (-) groups.l's2" In the other
two studies, only data about ADT (+) patients were available.
22231 Therefore, these studies were excluded from the com-
parative meta-analysis.

275

Records identified through database

o searching
= Web of Science (n = 73)
k-] PubMed (n = 57)
E Embase n = 62)
= Scoous [n =971
£
1l
E Jv
Records after duplicates removed
f {n =146)
ab
£
B
! Records excluded (review or
L Records screened unrelated Topic)
(n=143) .5 (n=97)
Full-text articl d
= i e: e i Full-text articles excluded,
= or eligibility - .
7; (0 =46) with reasons
E in=35)
Studies included in
— ) qualitative synthesis
[n = 8]
g l
2
Studies included in
quantitative synthesis

— (meta-analysis)
[n=6)

Figure 1. PRISMA flow diagram used in study selection process.

Table 2 shows the parameters of the eight included studies.
Comorbidities were found in three trials.'¢'7'9 Although
one research found that the prevalence of different comor-

Table 1. Characteristics of all studies in quantitative synthesis according to Newcastle-Ottawa Scale

First author Country Type of study Newcastle-Ottawa scale (NOS)
risk of bias assessment

Selection Comparability Outcome Total
Klein et al. USA Pros. Cohort FEEX ** *rX 9
Koskinen et al. Finland Res. Cohort FHRX ** ** 8
Montopoli et al. Italy Res. Cohort ** ** ** 6
Patel et al. USA Res. Cohort Rk ** ** 8
Caffo et al. (a) Italy Res. Cohort wrx ** ** 7
Caffo et al. (b) Italy Res. Cohort GRS <3 GRS 8
Kwon et al. USA Res. Cohort e ** ** 8
Jiménez-Alcaide et al. Spain Res. Cohort FHEE ** ** 8
Table 2. Characteristics of COVID-19-infected prostate cancer patients included in the research
Study/Year Design Total patients ADT No ADT Outcomes
Klein et al., 2021 Pros. Cohort 1779 304 1475 Infection risk Severity of disease
Koskinen et al., 2020 Res. Cohort 352 134 218 Infection risk Severity of disease
Montopoli et al., 2020 Res. Cohort 42434 5273 37161 Infection risk Severity of disease
Patel et al., 2020 Res. Cohort 465 148 317 Severity of disease
Caffo et al. (a), 2020 Res. Cohort 1949 36 None Infection risk Severity of disease
Caffo et al. (b), 2020 Res. Cohort 1433 34 None Infection risk Severity of disease
Kwon et al., 2020 Res. Cohort 5211 799 4412 Infection risk Severity of disease
Jiménez-Alcaide et al., 2021 Res. Cohort 1349 156 1193 Infection risk Severity of disease
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bidities was equal in the ADT (+) and (-) groups,"”! two other
studies found that ADT (+) patients had increased comor-
bidity frequencies.'*’ Patients receiving ADT had greater
incidences of metastatic disease (64% vs. 0%, p=.001) and
underlying pulmonary illnesses (27% vs. 6%, p=.02) in the
Patel et al. study.'™ In Klein et al., patients receiving ADT
were more likely to have smoking history (68.1% vs. 59.3%
p=.005), immunosuppressive disease (34.2% vs. 27.5%
p=.02), and steroid use (43.8% vs. 23.3% p=.001), and less
likely to have a history of asthma (9.2% vs. 14.2% p=.02).'9

According to a pooled analysis, the incidence of SARS-
CoV-2 infection among patients who were receiving ADT
was 3.0%.1'91%2331 The results of the analysis is presented in
Figure 2. As seen in Figure 3, ADT was not associated with
a lower incidence of SARS-CoV-2 infection (95% Cl: 0.56-
1.58, RR = 0.94, p=.82; 12 = 66%, p=.02). It was determined
that 19% of ADT (+) patients infected with COVID-19 were
hospitalized in the intensive care unit (Fig. 4).51821231 Seven
studies were evaluated to determine the mortality rate and
the relationship between ADT use and risk of death.['618231
The mortality rate was calculated and is presented in Fig-
ure 5. The heterogeneity was low (I12= 22%, p=0.27), so a
fixed effect model was used. Mortality was around 28% and
there was no significant relationship between ADT use and
mortality (95% Cl: 0.61-1.69, RR = 1.01, p=.96) (Fig. 6).

The funnel plot was performed to test publication bias for
the two major outcomes. None of the variables had signifi-
cant publication bias: COVID-19 infection risk (funnel plot
as Supplementary Fig. 1) and mortality (funnel plot as Sup-
plementary Fig. 2).
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Discussion

This meta-analysis found no association between ADT use
and risk of COVID-19-related death. This also shows that
the relationship between TMPRSS and androgens, which
has a strong theoretical foundation, is not reflected in clini-
cal practice. However, it is a fact in clinical practice that pa-
tients diagnosed with prostate carcinoma have advanced
age and many comorbidities. Comorbidities of patients
were reported in only three of the studies included in this
meta-analysis. In only one of these three studies, comor-
bidity rates were similar between groups that received
and did not receive ADT, whereas in the other two stud-
ies, the comorbidity rate in the group that received ADT
was higher than the group that did not receive ADT. In the
study by Patel et al., underlying lung disease was higher in
patients receiving ADT than in the group not receiving ADT.
In the study by Klein et al., smoking and the presence of
immunosuppressive disease were higher in the ADT group
than in the non-ADT group.l'®’”'9 All of these play a role
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Overall (random-effects model) 0.19 0.11/0.31 100.00% ‘

Figure 4. Pooled analysis of ICU-admission rate in SARS-CoV-2 infect-
ed patients receiving ADT.
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Figure 2. Pooled analysis of incidence in SARS-CoV-2 infected pa-
tients receiving ADT.

Figure 5. Pooled analysis of mortality rate in SARS-CoV-2 infected
patients receiving ADT.
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Figure 3. Forest plot for relative risk (RR) of COVID-19 infection risk
among prostate cancer patients who received ADT compared to
those who did not receive ADT.

Figure 6. Forest plot for relative risk (RR) of COVID-19 mortality risk
among prostate cancer patients who received ADT compared to
those who did not receive ADT.
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Supplementary Figure 1. Funnel plot of COVID-19 infection risk
among prostate cancer patients who received ADT compared to
those who did not receive ADT.

as confounding factors when determining the relation-
ship between ADT and COVID-19. In this meta-analysis,
the frequency of COVID-19 infection was 3% in patients
receiving ADT. The rate of hospitalization in the intensive
care unit was 19%. When these figures are evaluated in
the light of the literature, the use of ADT does not reduce
mortality.”! However, considering factors such as the cha-
os in the provision of health services all around the world
at the beginning of the pandemic, the frequency of CO-
VID-19 in patients with prostate carcinoma may not have
been detected correctly as patients did not attend hospi-
tal without very significant complaints and the inability to
diagnose because some patients had mild symptomatic
or asymptomatic COVID-19 infection.! Therefore, mortal-
ity rates can be misleading. It should be kept in mind that
only one of the clinical trials included in this meta-analysis
was prospective and the others were retrospective. In ad-
dition, ADT is not used alone in the treatment of prostate
carcinoma. There are also many treatment options such
as chemotherapy (docetaxel or cabazitaxel), new genera-
tion hormonal agents (abiraterone, enzalutamide), radio-
nuclide treatments and definitive radiotherapy, which are
commonly used with ADT.[%62”) However, these treatments
were not mentioned in the studies included in the meta-
analysis. In addition, these studies, mostly retrospective
and conducted with different patient groups (stage, dis-
ease burden, etc.) in different clinics, are unlikely to reveal
the relationship between ADT and the risk of death due to
COVID-19. The presence of many confounding factors also
reduces the power of this meta-analysis.

Conclusion

Currently, it is difficult to say that there is a relationship be-
tween the use of ADT and the risk of death due to COVID-19

Supplementary Figure 2. Funnel plot of COVID-19 mortality risk
among prostate cancer patients who received ADT compared to
those who did not receive ADT.

infection. But there is also no evidence to suggest that ADT
causes a jump in the risk of death from COVID-19 at least.
To date, the pandemic has caused the loss of many people.
But it should be kept in mind that prostate cancer is at least
as deadly as COVID-19. For this reason, efforts should be
made to ensure that patients reach standard treatments
without ignoring pandemic conditions.

Disclosures

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept - H.S.S., M.E.A,, H.E.; Design
- H.S.S., M.EA,, H.E.; Supervision — M.E.A., H.E.; Materials - H.S.S.,
M.E.A., H.E.; Data collection &/or processing - H.S.S., M.E.A,, H.E.;
Analysis and/or interpretation — M.E.A,; Literature search - H.S.S.,
M.E.A., H.E,; Writing — H.S.S., M.E.A., H.E.; Critical review — H.S.S,,
M.E.A., H.E.

References

1. WHO, 2020. WHO Coronavirus Disease (COVID-19) Dashboard.
Available at: https://covid19.who.int. Accessed Jan 29, 2022.

2. WHO. Weekly epidemiological update on COVID-19 - 20
July 2021 Edition 49. Available at: https://www.who.int/
publications/m/item/weekly-epidemiological-update-on-
covid-19---20-july-2021. Accessed Jan 29, 2022.

3. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |,
Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 2021;71:209-49. [CrossRef]

4. Zhang L, Zhu F, Xie L, Wang C, Wang J, Chen R, et al, Zhou M.
Clinical characteristics of COVID-19-infected cancer patients:
a retrospective case study in three hospitals within Wuhan,
China. Ann Oncol 2020;31:894-901. [CrossRef]

5. Culp MB, Soerjomataram |, Efstathiou JA, Bray F, Jemal A. Re-


https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.annonc.2020.03.296

278

10.

11.

12

13.

14.

15.

16.

17.

Semiz et al., Relationship between ADT and COVID-19 / doi: 10.14744/ejmi.2022.29122

cent global patterns in prostate cancer incidence and mortal-
ity rates. Eur Urol 2020;77:38-52. [CrossRef]

Johnson BD, Zhu Z, Lequio M, Powers CGD, Bai Q, Xiao H, et al.
SARS-CoV-2 spike protein inhibits growth of prostate cancer:
a potential role of the COVID-19 vaccine killing two birds with
one stone. Med Oncol 2022;39:32. [CrossRef]

Welén K, Rosendal E, Gisslén M, Lenman A, Freyhult E, Rodri-
guez OF, et al. A phase 2 trial of the effect of antiandrogen ther-
apy on COVID-19 outcome: no evidence of benefit, supported
by epidemiology and in vitro data. Eur Urol 2022;81:285-93.
Mollica V, Rizzo A, Massari F. The pivotal role of TMPRSS2 in
coronavirus disease 2019 and prostate cancer. Future Oncol
2020;16:2029-33. [CrossRef]

Tomlins SA, Laxman B, Varambally S, Cao X, Yu J, Helgeson BE,
et al. Role of the TMPRSS2-ERG gene fusion in prostate cancer.
Neoplasia 2008;10:177-88. [CrossRef]

Bennani NN, Bennani-Baiti IM. Androgen deprivation therapy
may constitute a more ef-fective COVID-19 prophylactic than
therapeutic strategy. Ann Oncol 2020;31:1585-6. [CrossRef]
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loan-
nidis JP, et al. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. PLoS Med
2009;6:e1000100. [CrossRef]

. Verhagen AP, de Vet HC, de Bie RA, Kessels AG, Boers M, Bouter

LM, et al. The Delphi list: a criteria list for quality assessment
of randomized clinical trials for conducting sys-tematic re-
views developed by Delphi consensus. J Clin Epidemiol
1998;51:1235-41. [CrossRef]

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557-60.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 2010;25:603-5. [CrossRef]
Gedeborg R, Lindhagen L, Loeb S, Styrke J, Garmo H, Stattin P.
Androgen deprivation therapy, comorbidity, cancer stage and
mortality from COVID-19 in men with prostate cancer. Scand J
Urol 2022;56:104—11. [CrossRef]

Klein EA, Li J, Milinovich A, Schold JD, Sharifi N, Kattan MW, et
al. Androgen deprivation therapy in men with prostate can-
cer does not affect risk of infection with SARS-CoV-2. J Urol
2021;205:441-3. [CrossRef]

Koskinen M, Carpen O, HonkanenV, Seppanen MRJ, Miettinen

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

PJ, Tuominen JA, et al. Androgen deprivation and SARS-CoV-2
in men with prostate cancer. Ann Oncol 2020;31:1417-8.
Montopoli M, Zumerle S, Vettor R, Rugge M, Zorzi M, Catapano
CV, et al. Androgen-deprivation therapies for prostate cancer
and risk of infection by SARS-CoV-2: a population-based study
(N =4532). Ann Oncol 2020;31:1040-5. [CrossRef]

Patel VG, Zhong X, Liaw B, Tremblay D, Tsao CK, Galsky MD, et
al. Does androgen deprivation therapy protect against severe
complications from COVID-19? Ann Oncol 2020;31:1419-20.
Kwon DH, Vashisht R, Borno HT, Aggarwal RR, Small EJ, Butte
AJ, et al. Androgen-deprivation therapy and SARS-CoV-2 in
men with prostate cancer: findings from the University of Cali-
fornia Health System registry. Ann Oncol 2021;32:678-9.
Jiménez-Alcaide E, Garcia-Fuentes C, Hernandez V, De la Pefa
E, Pérez-Fernandez E, Castro A, et al. Influence of androgen
deprivation therapy on the severity of COVID-19 in prostate
cancer patients. Prostate 2021;81:1349-54. [CrossRef]

Caffo O, Zagonel V, Baldessari C, Berruti A, Bortolus R, Buti S, et
al. On the relationship between androgen-deprivation ther-
apy for prostate cancer and risk of infection by SARS-CoV-2.
Ann Oncol 2020;31:1415-6. [CrossRef]

Caffo O, Gasparro D, Di Lorenzo G, Volta AD, Guglielmini P,
Zucali P, et al. Incidence and outcomes of severe acute re-
spiratory syndrome coronavirus 2 infection in patients with
metastatic castration-resistant prostate cancer. Eur J Cancer
2020;140:140-6. [CrossRef]

Schmidt AL, Tucker MD, Bakouny Z, Labaki C, Hsu CY, ShyrY,
et al. Association between androgen deprivation therapy and
mortality among patients with prostate cancer and COVID-19.
JAMA Netw Open 2021;4:e2134330.

Ward ZJ, Walbaum M, Walbaum B, Guzman MJ, Jimenez de la
Jara J, Nervi B, et al. Estimating the impact of the COVID-19
pandemic on diagnosis and survival of five cancers in Chile
from 2020 to 2030: a simulation-based analysis. Lancet Oncol
2021;22:1427-37. [CrossRef]

Naseer F, Ahmad T, Kousar K, Anjum S. Advanced therapeutic
options for treatment of metastatic castration resistant pros-
tatic adenocarcinoma. Front Pharmacol 2021;12:728054.

Ong S, O'Brien J, Medhurst E, Lawrentschuk N, Murphy D, Azad
A. Current treatment options for newly diagnosed metastatic
hormone-sensitive prostate cancer-a narrative review. Transl
Androl Urol 2021;10:3918-30.


https://doi.org/10.1016/j.eururo.2019.08.005
https://doi.org/10.1007/s12032-021-01628-1
https://doi.org/10.2217/fon-2020-0571
https://doi.org/10.1593/neo.07822
https://doi.org/10.1016/j.annonc.2020.08.2095
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1016/S0895-4356(98)00131-0
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1080/21681805.2021.2019304
https://doi.org/10.1097/JU.0000000000001338
https://doi.org/10.1016/j.annonc.2020.04.479
https://doi.org/10.1002/pros.24232
https://doi.org/10.1016/j.annonc.2020.06.005
https://doi.org/10.1016/j.ejca.2020.09.018
https://doi.org/10.1016/S1470-2045(21)00426-5



