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Abstract: Background: YouTubeTM is an open-access source for mass information. Several previous
studies of YouTubeTM videos showed a high rate of misinformation in the urological field. The
aim of the current study was to evaluate the quality of information on immunotherapy (IMT) for
urological tumors uploaded to YouTubeTM. Methods: YouTubeTM videos were searched using
nine keyword combinations. The PEMAT, the DISCERN tool, and the Misinformation scale were
used to assess the quality of information in YouTubeTM videos about IMT for urological tumors.
Descriptive statistics and Kruskal–Wallis, Chi-square, proportion, and Pearson’s tests were performed.
Results: According to the selection criteria, 156 YouTubeTM videos were suitable for the analysis
and stratified according to topic (urothelial carcinoma vs. renal cell cancer vs. prostate cancer vs.
general information on IMT). According to PEMAT A/V, the overall Understandability score was
40% (Inter-Quartile Range [IQR]: 20–61.5) and the overall Actionability score was 0% (IQR: 0–25).
According to the DISCERN tool, the overall DISCERN score was 44 (IQR: 39–53.2), defined as “fair”.
According to the Misinformation scale, we recorded the lowest median overall score for item 4 (“IMT
in multimodality approach”) and item 5 (“Future perspective”). Conclusions: YouTubeTM cannot be
recommended as a reliable source of information on IMT for urological malignancies. In addition,
YouTubeTM videos contributed to the spread of misinformation by underestimating the role of IMT
in a multimodality approach and missing the findings of published clinical trial results.
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1. Introduction

Immunotherapy (IMT) is changing the way we think about and treat urological ma-
lignancies [1]. Particularly, immune-checkpoint inhibitors (ICIs) have revolutionized the
management of urological cancers [2–6]. Different signal pathways are involved in immune-
checkpoint inhibition, such as Programmed Cell Death Protein 1 (PD-1), Programmed Cell
Death Protein Ligand 1 (PD-L1), and anti-cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4) [7]. IMT’s role in the management of urological cancer is strongly corroborated by
solid evidence and supported by the most recent European Association of Urology (EAU)
guidelines, specifically for renal cell carcinoma (RCC) and for bladder cancer (BC) [8–19].
Conversely, for upper tract urothelial carcinoma (UTUC), most of the evidence came from
BC trial results, due to the low incidence of the disease [4,20–23]. Even more uncertain is
the role of IMT for prostate cancer (PCa), where the number of patients eligible for IMT
management is limited. Regardless of the urological tumor treated, the IMT approach has
been previously considered a reasonable option for patients with metastatic disease [21].
Thanks to promising published results, the scientific scenario has changed over the years,
including a setting of patients with an earlier stage of disease. For instance, the PURE-01
study assessed the safety of Pembrolizumab in a neoadjuvant setting in muscle invasive
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bladder cancer (MIBC), obtaining a higher rate of pT0 after surgery relative to previous
protocols that did not include IMT [24].

IMT represents a complex topic for people both with and without a medical back-
ground. The spread of high-quality information on IMT through social media might
represent a potential instrument for education by physicians and by general users who are
interested into the topic. Specifically, for patients affected by IMT-eligible diseases, access to
more information could increase their awareness in order to make the diagnostic–therapeutic
steps more manageable [25–29].

The search for and spread of medical information on social media (SoMe) has grown
rapidly [30]. Specifically, after COVID-19 outbreak, YouTube™ became one of the most
widely used platforms to provide and obtain information [31]. More and more studies
have revealed the low quality of medical content uploaded to YouTube™, highlighting the
potential risks and consequences of misinformation spreading to Internet users [32–35].
To the best of our knowledge, we are the first to evaluate the quality of information on
IMT in urological tumors, such as urothelial carcinoma (UC), RCC, and PCa, uploaded to
YouTube™ during the last decades.

2. Materials and Methods
2.1. Search Strategy and Video Selection Criteria

On 25 March 2022, from 9:00 a.m. to 9:00 p.m. UTC-4, a YouTube™ systematic
search was performed with 9 keyword combinations, examining the first 30 videos for
each search (Supplementary Table S1). To avoid any research bias, the YouTubeTM search
was performed in incognito mode. The default YouTubeTM search setting does not apply
any filter and sorts the results by relevance. A total of 270 videos was obtained. The
following exclusion criteria were applied (Figure 1): (i) duplicate videos (n = 83), (ii) no
information reported on immunotherapy for urological disease (n = 18); (iii) length > 50 min
(n = 12); (iv) non-English language (n = 1). For each video, the following videographic
characteristics were collected (Table 1): length (seconds), number of views, persistence
on YouTube™ (days), number of thumbs-up, number of comments, number of channel
subscribers, view ratio (defined as the ratio between number of views and persistence
on YouTube™), whether comments were disabled, video author category (defined as a
medical association [such as physicians’ community channel, peer-reviewed online journal,
and cancer research associations]; medical center, hospital or university; or other [such
as television channel and non-profit foundations]), and video topic (defined as UC, RCC,
general information on IMT, or PCa). According to recent YouTubeTM rules, the number of
thumbs-down is no longer available to Internet users.

2.2. Quality and Misinformation Assessment Tools

The quality of videos was assessed by two investigators (a junior and a senior urology
resident). A third investigator (an Associate Professor) adjudicated any differences, and
a consensus was achieved among all reviewers. The following tools were used to assess
the video quality information. First, the Patient Education Materials Assessment Tool for
audio-visual content (PEMAT A/V) [36] is a validated method to evaluate and measure the
Understandability (the first 13 questions) and Actionability (four questions) of multimedia
content (Table 2). Higher results mean that the video content has an educational role
for Internet users, who could learn and reproduce the information reported in real life.
Specifically, for each score, a good-quality video cut-off must be ≥ 70% [36].

Second, the DISCERN questionnaire [35] has been validated to assess the reliability of
information sources about treatment choices for health problems (Table 3). The DISCERN
tool is composed of Section 1 (question 1–8) evaluating the reliability of sources’ informa-
tion on the treatment choices, Section 2 (question 9–15) analyzing the details of information
reported, and Section 3 (question 16) representing an overall quality rating. For each ques-
tion, five possible answers are permitted (from 1 = strongly disagree to 5 = strongly agree).
The DISCERN final score is categorized as “excellent” (range 63–80), “good” (range 51–62),
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“fair” (range 39–50), “poor” (range 27–38), or “very poor” (range 16–26). The assessment of
DISCERN was based on the agreement with the EAU clinical practice guidelines on IMT
strategies for urological tumors. Thus, higher scores mean that the information reported is
high-quality and evidence-based.
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Figure 1. PRISMA diagram depicting inclusion and exclusion criteria of YouTube video search.
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Table 1. Videographic characteristics of 156 YouTube videos on immunotherapy in urological tumors
found on 25 March 2022, stratified according to the video topic (urothelial carcinoma, renal cell cancer,
prostate cancer, or general information on immunotherapy).

Characteristics
Overall
N = 156

UC
N = 67
(42.9%)

RCC
N = 38
(24.3%)

PCa
N = 20
(12.8%)

General Information
on IMT
N = 31
(19.8%)

p Value

Length (sec) Median (IQR) 293.5
(151–971.8)

342
(168.5–1135)

166.5
(89–408.8)

573.5
(294–1588.5)

303
(210.5–912) 0.3

Number of views Median (IQR) 691.5
(224–8041)

420
(118–2003.5)

369
(174.2–896) 1570 (213.8–4612) 33242

(8247.5–126,449) <0.001

Persistence on
YouTube™ (days) Median (IQR) 1365

(614.5–1795.5)
1269

(560–1695.5)
1608.5

(897.5–1919.5)
1324.5

(622–1635.5)
1359

(637–1751.5) 0.5

Thumbs up (n) Median (IQR) 7 (1–64.2) 3 (1–13.5) 2.5 (1–11) 10.5 (0.8–51) 261 (93–913.5) <0.001

Number of comments Median (IQR) 1 (0–6) 0 (0–1) 0 (0–1) 0 (0–6) 17 (5–93) <0.001

Channel subscribers (n) Median (IQR) 16,900
(4500–30,375)

12,200
(4500–16,900)

16,900
(4590–17,500)

30,600
(17,900–140,100)

41,700
(7300–684,000) 0.07

View ratio Median (IQR) 1 (0.2–6.2) 0.4 (0.1–3.3) 0.4 (0.1–1.1) 1 (0.3–6.6) 33.5 (4.8–161.5) <0.001

Videos with
disabled comments

n (%)
No 135 (86.5) 55 (82.1) 34 (89.5) 19 (95) 27 (87.1)

0.2

Yes 21 (13.5) 12 (17.9) 4 (10.5) 1 (5) 4 (12.9)

Video author
n (%) Medical Association 85 (54.5) 38 (56.7) 26 (68.4) 5 (25) 16 (51.6) 0.01

Medical Center,
Hospital, or University 35 (22.4) 11 (16.4) 5 (13.2) 9 (45) 10 (32.3) 0.01

Other 36 (23.1) 18 (26.9) 7 (18.4) 6 (30) 5 (16.1) 0.5

“View ratio” is defined as the ratio between number of views and persistence on YouTube (days).
Abbreviations: IMT: immunotherapy; IQR: Inter-Quartile Range; PCa: Prostate cancer, RCC: Renal cell cancer;
UC: Urothelial carcinoma.

Table 2. PEMAT audio/visual (A/V) scores of 156 YouTube videos on immunotherapy in urological
disease, found on 25 March 2022, stratified according to the video topic (urothelial carcinoma, renal
cell cancer, prostate cancer, or general information on immunotherapy).

Overall
N = 156

UC
N = 67
(42.9%)

RCC
N = 38
(24.3%)

PCa
N = 20
(12.8%)

General Information
on IMT
N = 31
(19.8%)

p Value

PEMAT Understandability Median (IQR) 40 (20–61.5) 40 (20–61.5) 26.1 (20–44.1) 28.2 (20–52.1) 61.5 (50–75) <0.001
PEMAT Actionability Median (IQR) 0 (0–25) 0 (0–0) 0 (0–18.8) 0 (0–0) 25 (0–50) <0.001

Abbreviations: IMT: immunotherapy; IQR: Inter-Quartile Range; PCa: Prostate cancer; PEMAT: Patient Educa-
tional Assessment Tool; RCC: Renal cell cancer; UC: Urothelial carcinoma.

Third, a 5-item Misinformation scale was appositely created for the study, based on the
EAU guidelines for IMT strategies for urological tumors (Table 4). It evaluated how accurate
the information reported in videos was. The Misinformation scale items consisted of
(i) “Logical sequence of information”; (ii) “Therapeutic effects”; (iii) “Treatment-emergent adverse
effects”; (iv) “IMT in multimodality approach”; (v) “Future perspective”. Each item was rated
from 1 (meaning high level of misinformation) to 5 (meaning low level of misinformation).
Finally, the Misinformation score was calculated as the mean of the 5-item evaluation for
each video. Higher results represented more accurate information content.

2.3. Statistical Analyses

Descriptive statistics are presented as medians and interquartile ranges (IQR) for
continuously coded variables or counts and percentages for categorically coded variables.
Kruskal–Wallis, Chi-square, and proportion tests examined the statistical significance in
medians’ and proportions’ differences. Pearson’s test was used to assess a potential correla-
tion between the variables. The overall collected videos were stratified into four groups,
according to video topic (UC, RCC, PCa, or general information on IMT). In all statistical



Vaccines 2023, 11, 92 5 of 11

analyses, the R software (www.rproject.org, accessed on 26 March 2022) environment for
statistical computing and graphics (R version 4.0.0, R Development Core Team, Auckland,
New Zealand) was used. All tests were two-sided with a level of significance set at p < 0.05.

Table 3. DISCERN instrument Section 1, Section 2, and Section 3 of 156 YouTube videos plus total
DISCERN score (a sum of the three sections that could range from a minimum score of 16 to a
maximum score of 80), stratified according to the video topic (urothelial carcinoma, renal cell cancer,
prostate cancer, and general information on immunotherapy).

Overall
N = 156

UC
N = 67
(42.9%)

RCC
N = 38
(24.3%)

PCa
N = 20
(12.8%)

General information
on IMT
N = 31
(19.8%)

p Value

Section 1:
Is the

publication reliable?

SUM Section 1
(max score 40)

Question 1–8

Median (IQR) 20 (16–24) 20 (17–24.5) 21 (15.2–23) 20.5 (16–24) 16 (14–20.5) 0.3

Section 2:
How good is the

quality of
information on

treatment choices?

SUM Section 2
(max score 35)

Question 9–15

Median (IQR) 20 (16–24) 20 (17–24.5) 21 (15.2–23) 20.5 (16–24) 16 (14–20.5) 0.01

Section 3: Overall
Quality rating

16. Based on the
answers to all the
above questions,
rate the overall
quality of the

publication as a
source of

information about
treatment choices

(max score 5)

Median (IQR) 4 (4–4) 4 (3–4) 4 (4–4) 4 (4–4) 4 (3.5–5) 0.5

DISCERN score Median (IQR) 44 (39–53.2) 45 (40–55.5) 43.5 (41–52) 46.5 (41–53) 45 (36–49.5) 0.2

DISCERN score is categorized as “excellent” (range 63–80), “good” (range 51–62), “fair” (range 39–50), “poor”
(range 27–38), or “very poor” (range 16–26). Abbreviations: IMT: immunotherapy; IQR: Inter-Quartile Range;
PCa: Prostate cancer, RCC: Renal cell cancer; UC: Urothelial carcinoma.

Table 4. Misinformation scale evaluating 156 YouTube videos on immunotherapy in urological
disease, found on 25 March 2022, stratified by video topic (urothelial carcinoma, renal cell cancer,
prostate cancer, and general information on immunotherapy).

Overall
N = 156

UCs
N = 67
(42.9%)

RCC
N = 38
(24.3%)

PCa
N = 20
(12.8%)

General information
on IMT
N = 31
(19.8%)

p value

1.“Logical sequence
of information” Median (IQR) 4 (3–4) 3 (3–4) 4 (2–4) 4 (3–4) 4 (3–5) 0.01

2.“Therapeutic effects” Median (IQR) 4 (3–4) 3 (3–4) 4 (2–4) 4 (3–4) 4 (3–5) 0.3

3.“Treatment-emergent
adverse effects” Median (IQR) 3 (2–4) 4 (2–4) 2 (2–4) 3 (2–4) 2 (2–4) 0.8

4.“IMT in
multimodality approach” Median (IQR) 2 (2–3) 3 (2–3) 2 (2–3.8) 2.5 (2–3) 2 (1–3) 0.2

5.“Future perspective” Median (IQR) 2 (1.8–4) 2 (2–3.5) 3 (1–4) 3 (2–4) 2 (1–3) 0.03

Misinformation score Median (IQR) 2.8 (2.4–3.6) 2.8 (2.4–3.6) 3 (2.2–3.6) 2.3 (2.4–4) 2.8 (2.4–3.5) 0.6

A 5-item Misinformation scale was created for this study, based on EAU and ESMO clinical practice guide-
lines on immunotherapies in urological disease. Each item was rated from 1 to 5 (1—Poor quality; 2—Low
quality; 3—Intermediate quality; 4—Good quality; 5—High quality). Quality refers to the amount of infor-
mation given to YouTube users. Misinformation score is defined as the mean of the 5 items for each video.
Abbreviations: IMT: immunotherapy; IQR: Inter-Quartile Range; PCa: Prostate cancer, RCC: Renal cell cancer;
UC: Urothelial carcinoma.

3. Results
3.1. Videographic Characteristics and Video-Quality Assessment by Topic

Of all 270 videos examined, 156 were suitable for the analysis (Table 1). The videos
were stratified by topic: 67 (42.9%) were about UC, 38 (24.3%) about KC, 31 (19.8%) about
general information on IMT, and 20 (12.8%) about PCa.

www.rproject.org
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3.1.1. Urothelial Carcinoma

The median length, number of views, and number of thumbs-up were 342 (IQR: 168.5–1135)
seconds, 420 (IQR: 118–2003.5), and 3 (IQR: 1–13.5), respectively. Moreover, across the
sample, the median view ratio was 0.4 (IQR: 0.1–3.3). According to PEMAT A/V, the median
Understandability score was 40% (IQR: 20–61.5) and the median Actionability score was
0% (IQR: 0–0). According to DISCERN, the median overall score was 45 (IQR: 40—55.5).
Finally, the median Misinformation score was 2.8 (IQR: 2.4–3.6) and the lowest score was
recorded for item 5 (2, IQR: 2–3.5).

3.1.2. Renal Cell Cancer

The median length, number of views, and number of thumbs-up were 166.5 (IQR: 89–408.8)
seconds, 369 (IQR: 174.2–896), and 2.5 (IQR: 1–11), respectively. The median view ra-
tio was 0.4 (IQR: 0.1–1.1). According to PEMAT A/V, the median Understandability
score was 26.1 % (IQR: 20–44.1) and the median Actionability score was 0% (IQR: 0–18.8).
According to DISCERN, the overall median score was 43.5 (IQR: 41–52). Finally, the me-
dian Misinformation score was 3 (IQR: 2.2–3.6) and the lowest score was recorded for
items 3 and 4 (2, IQR: 2–4 and 2, IQR: 2–3.8, respectively).

3.1.3. Prostate Cancer

The median length, number of views, and number of thumbs-up were 573.5 (IQR: 294–1588.5)
seconds, 1570 (IQR: 213.8–4612), and 10.5 (IQR: 0.8–51), respectively. The median view
ratio was 1 (IQR: 0.3–6.6). According to PEMAT A/V, the median PEMAT Understand-
ability score was 28.2% (IQR: 20–52.1) and the median PEMAT Actionability score was 0%
(IQR: 0–0). According to DISCERN, the median score was 46.5 (IQR: 41–53). Finally, the
median Misinformation score was 2.3 (IQR: 2.4–4) and the lowest score was recorded for
item 4 (2.5, IQR: 2–3).

3.1.4. General Information on Immunotherapy

The median length, number of views, and number of thumbs-up were 303 (IQR: 210.5–912)
seconds, 33242 (IQR: 8247.5–126449), and 261 (IQR: 93–913.5), respectively. The median
view ratio was 33.5 (IQR: 4.8–161.5). According to PEMAT A/V, the median PEMAT
Understandability score was 61.5 % (IQR: 50–75) and the median Actionability score was
25% (IQR: 0–50). According to DISCERN, the median score was 45 (IQR: 36–49.5). Finally,
the median Misinformation score was 2.8 (IQR: 2.4–3.5) and the lowest score was recorded
for items 3, 4, and 5 (2, IQR: 2–4; 2, IQR: 1–3; and 2, IQR: 1–3, respectively).

3.2. Variable Correlations

A statistically significant positive correlation between length and Understandability
(r = 0.31, p = 0.001), length and Actionability (r = 0.17; p = 0.02), length and total DISCERN
Section 1 (r = 0.48, p < 0.001), length and total DISCERN Section 2 (r = 0.43, p < 0.001),
length and DISCERN question 16 score (r = 0.30, p < 0.001), length and total DISCERN score
(r = 0.50, p < 0.001), and length and Misinformation score (r = 0.45, p < 0.001) was recorded.
A statistically significant positive correlation between view ratio and Understandability
(r = 0.21, p = 0.006) and view ratio and Actionability (r = 0.21, p = 0.01) was recorded. No
statistically significant results were achieved for the other correlations (all p > 0.05).

4. Discussion

The interest in IMT for urological malignancies is exponentially growing due to the
intriguing results that are emerging in the current scientific context [3,4,6,37–44]. The U.S.
Food and Drug Administration and the European Medicine Agency approved ICIs as
standard-of-care across many cancer types [45].

The current study aimed to evaluate the quality of the available information on IMT
in urological tumors uploaded to YouTube™. We recorded several interesting observations.
The majority of YouTube™ videos on IMT were focused on UC and were uploaded by
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medical associations. Thus, we expected an adequate and exhaustive presentation of infor-
mation on IMT for UC. However, the PEMAT Understandability and Actionability results
were unsatisfying. Concordantly to our results, Capece et al. recorded an Understandability
score of 57.8% and an Actionability score of 0% after the evaluation of YouTubeTM videos on
penile prostheses [46]. Similar observations were recorded in other recent studies [46–48].
These findings concerning the IMT field may be explained by the fact that IMT is a complex
and specialist topic, challenging to explain and to be understood by the general public.
In conclusion, regardless of the topic, YouTubeTM videos are not informative enough for
applications by Internet users. Thus, future video authors should simplify YouTubeTM

information on IMT for urological tumors, providing supplementary instruments to make
the information uploaded more applicable. Furthermore, according to the DISCERN results,
the information provided in YouTube™ videos focusing on UC IMT was “fair”, with an
improvable range in publication reliability and treatment choices. The same results were
observed in the other topic categories. For example, we recorded an even lower score
according to the PEMAT and DISCERN tools for videos focused on RCC. Concerning
results were also observed in the Misinformation scale assessment. The lowest value was
ranked for the items 4 and 5, defined as “IMT in multimodality approach” and “Future
perspective”, regardless of the urological tumor considered. The items were presented with
scant information, not representing the current clinical practice and scientific context. It is
important to know that several trials on IMT strategies for urological cancer management
have been published and others are still on-going, and both patients and even physicians
must be informed on the scientific progress achieved [4]. IMT is establishing a new reality in
urological cancer management [49–51]. Moreover, clinical trials may particularly represent
an opportunity for patients who were not eligible for the current standard of care [3,4].
Additionally, IMT can reduce the adverse effects of standard chemotherapy and provide
to patients an access to surgical management with a better performance status [24,38,52].
To the best of our knowledge, we are the first to evaluate videos on IMT for urological
cancers uploaded to YouTubeTM. We analyzed as many videos as possible, collecting the
first 30 videos for each keyword (nine, for a total of 270 videos). Thus, we made the analysis
as representative as possible of current YouTubeTM results on the topic. Despite these
observations, several further studies are required to better understand and characterize the
quality of Internet information on IMT.

Due to the complexity of the topic and the involved patients, the Internet and par-
ticularly YouTubeTM may represent a crucial instrument to improve the communication
between physicians and patients [53]. Indeed, videos could be an effective tool to improve
patient awareness thanks to the visual provision of information, which could overcome
some health literacy barriers [54]. Moreover, YouTubeTM videos should be uploaded to
SoMe platforms to increase the high-quality spread of information. We hope that medical
institutions will improve the information provided through YouTubeTM videos to enhance
an educational role for the platform for Internet users.

A separate mention must be made of the PCa YouTube™ videos. Specifically, despite
the scientific interest in PCa treatment options, only 20 YouTube™ videos concerning IMT
for PCa were recorded in the current analysis. The role of IMT in PCa is not deeply studied
yet and not attractive for SoMe platforms with respect to surgical, radiotherapy, or medical
approaches and their consequences [27,28].

Taken together, according to the tools adopted, YouTubeTM videos are an unreliable
source of information on IMT for urological tumors. The major lacking fields were the
outdated information on multimodality approaches including IMT and the future per-
spectives. Indeed, from the video viewing, it did not emerge that the benefits for patients
receiving IMT are significantly higher relative to patients managed with conventional
chemotherapy strategies [55]. These observations are applicable for both urothelial tumors,
where IMT has an established role, and PCa, where IMT represents a marginal treatment
option. These findings lead to an inapplicability of YouTubeTM videos to the daily life of
both physicians and patients. Consequently, the scientific community must improve online
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medical content by producing more understandable and reliable materials for Internet
users, sharing evidence-based information.

Our study is not devoid of limitations. First, some reliable or non-reliable videos
might have been missed, due to our search terms. To mitigate this selection bias, we used
nine search keywords combinations. Second, YouTubeTM search results rely on Google’s
proprietary search algorithms based on users’ previous search activities and location. To
minimize this bias, before searching, any personal accounts were logged out and searches
were performed in incognito mode. Third, quality assessment of videos were subjective. To
reduce this confounder, three investigators were involved to independently analyze video
content. However, a multidisciplinary objective analysis with new quality-assessment tools
is required in the future [56]. Regardless of these limitations, the present study can be
considered a snapshot of the currently available information in YouTubeTM videos on IMT
for urological tumors.

5. Conclusions

YouTubeTM is an open-access source for mass information and the overall consid-
eration of IMT for urological tumors in YouTubeTM videos is inadequate. Despite the
multimedia content being evidence-based, it did not have an educational role for Internet
users. Moreover, YouTubeTM videos contributed to the spread of misinformation, specifi-
cally underestimating the role of IMT in a multimodality approach and omitting the results
achieved in current clinical trials. Official medical institutions should improve their multi-
media content by producing easily understandable materials for Internet users and sharing
evidence-based content. Both health-care workers and the general public must be aware of
the potential role of YouTubeTM as an educational instrument concerning IMT’s advantages
and disadvantages in the treatment of urological tumors.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vaccines11010092/s1, Table S1. Search keyword combinations used
on YouTube™ on 25 March 2022.

Author Contributions: Conceptualization, F.D.B. and G.C. (Gianluigi Califano); methodology, C.C.R.;
software, S.M.; validation, G.C. (Giuseppe Celentano), M.C. (Massimiliano Creta), and R.L.R.; formal
analysis, C.C.R.; investigation, A.F., M.C. (Marco Capece) and M.C. (Massimiliano Creta); resources,
L.N.; data curation, A.F. and E.D.M.; writing—original draft preparation, F.D.B.; writing—review
and editing, M.C. (Marco Capece) and G.P.; visualization, R.L.R. and L.N.; supervision, V.M. and
C.I.; project administration, N.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available on request due to restrictions eg privacy or ethical.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Califano, G.; Ouzaid, I.; Laine-Caroff, P.; Peyrottes, A.; Ruvolo, C.C.; Pradère, B.; Elalouf, V.; Misrai, V.; Hermieu, J.-F.;

Shariat, S.F.; et al. Current Advances in Immune Checkpoint Inhibition and Clinical Genomics in Upper Tract Urothelial Carci-
noma: State of the Art. Curr. Oncol. 2022, 29, 687–697. [CrossRef] [PubMed]

2. Choueiri, T.K.; Tomczak, P.; Park, S.H.; Venugopal, B.; Ferguson, T.; Chang, Y.-H.; Hajek, J.; Symeonides, S.N.; Lee, J.L.;
Sarwar, N.; et al. Adjuvant Pembrolizumab after Nephrectomy in Renal-Cell Carcinoma. N. Engl. J. Med. 2021, 385, 683–694.
[CrossRef] [PubMed]

3. Balar, A.V.; Castellano, D.; O’Donnell, P.H.; Grivas, P.; Vuky, J.; Powles, T.; Plimack, E.R.; Hahn, N.M.; de Wit, R.; Pang, L.; et al.
First-line pembrolizumab in cisplatin-ineligible patients with locally advanced and unresectable or metastatic urothelial cancer
(KEYNOTE-052): A multicentre, single-arm, phase 2 study. Lancet Oncol. 2017, 18, 1483–1492. [CrossRef]

https://www.mdpi.com/article/10.3390/vaccines11010092/s1
https://www.mdpi.com/article/10.3390/vaccines11010092/s1
http://doi.org/10.3390/curroncol29020060
http://www.ncbi.nlm.nih.gov/pubmed/35200559
http://doi.org/10.1056/NEJMoa2106391
http://www.ncbi.nlm.nih.gov/pubmed/34407342
http://doi.org/10.1016/S1470-2045(17)30616-2


Vaccines 2023, 11, 92 9 of 11

4. Balar, A.V.; Galsky, M.D.; Rosenberg, J.E.; Powles, T.; Petrylak, D.P.; Bellmunt, J.; Loriot, Y.; Necchi, A.; Hoffman-Censits, J.;
Perez-Gracia, J.L.; et al. Atezolizumab as first-line treatment in cisplatin-ineligible patients with locally advanced and metastatic
urothelial carcinoma: A single-arm, multicentre, phase 2 trial. Lancet 2017, 389, 67–76. [CrossRef]

5. Balar, A.V.; Kamat, A.M.; Kulkarni, G.S.; Uchio, E.M.; Boormans, J.L.; Roumiguié, M.; Krieger, L.E.M.; Singer, E.; Bajorin, D.F.;
Grivas, P.; et al. Pembrolizumab monotherapy for the treatment of high-risk non-muscle-invasive bladder cancer unresponsive to
BCG (KEYNOTE-057): An open-label, single-arm, multicentre, phase 2 study. Lancet Oncol. 2021, 22, 919–930. [CrossRef]

6. Martini, A.; Fallara, G.; Pellegrino, F.; Cirulli, G.O.; Larcher, A.; Necchi, A.; Montorsi, F.; Capitanio, U. Neoadjuvant and adjuvant
immunotherapy in renal cell carcinoma. World J. Urol. 2021, 39, 1369–1376. [CrossRef] [PubMed]

7. Qin, S.; Xu, L.; Yi, M.; Yu, S.; Wu, K.; Luo, S. Novel immune checkpoint targets: Moving beyond PD-1 and CTLA-4. Mol. Cancer
2019, 18, 155. [CrossRef]

8. EAU Guidelines on MIBC—DISEASE MANAGEMENT—Uroweb. Uroweb—European Association of Urology. Available online:
https://uroweb.org/guidelines/muscle-invasive-and-metastatic-bladder-cancer/chapter/disease-management (accessed on
15 May 2022).

9. EAU Guidelines on Upper Urinary Tract Urothelial Cell Carcinoma—INTRODUCTION—Uroweb. Uroweb—European Associa-
tion of Urology. Available online: https://uroweb.org/guidelines/upper-urinary-tract-urothelial-cell-carcinoma (accessed on
3 July 2022).

10. EAU Guidelines on RCC—DISEASE MANAGEMENT—Uroweb. Uroweb—European Association of Urology. Available online:
https://uroweb.org/guidelines/renal-cell-carcinoma/chapter/disease-management (accessed on 11 September 2022).

11. Albiges, L.; Tannir, N.M.; Burotto, M.; McDermott, D.; Plimack, E.R.; Barthélémy, P.; Porta, C.; Powles, T.; Donskov, F.;
George, S.; et al. Nivolumab plus ipilimumab versus sunitinib for first-line treatment of advanced renal cell carcinoma: Extended
4-year follow-up of the phase III CheckMate 214 trial. ESMO Open 2020, 5, e001079. [CrossRef]

12. Weiss, S.A.; Djureinovic, D.; Jessel, S.; Krykbaeva, I.; Zhang, L.; Jilaveanu, L.; Ralabate, A.; Johnson, B.; Levit, N.S.; Anderson, G.; et al.
A Phase I Study of APX005M and Cabiralizumab with or without Nivolumab in Patients with Melanoma, Kidney Cancer, or
Non-Small Cell Lung Cancer Resistant to Anti-PD-1/PD-L1. Clin. Cancer Res. 2021, 27, 4757–4767. [CrossRef]

13. Braun, D.A.; Bakouny, Z.; Hirsch, L.; Flippot, R.; Van Allen, E.M.; Wu, C.J.; Choueiri, T.K. Beyond conventional immune-
checkpoint inhibition—Novel immunotherapies for renal cell carcinoma. Nat. Rev. Clin. Oncol. 2021, 18, 199–214. [CrossRef]

14. Powles, T.; Plimack, E.R.; Soulières, D.; Waddell, T.; Stus, V.; Gafanov, R.; Nosov, D.; Pouliot, F.; Melichar, B.; Vynnychenko, I.; et al.
Pembrolizumab plus axitinib versus sunitinib monotherapy as first-line treatment of advanced renal cell carcinoma
(KEYNOTE-426): Extended follow-up from a randomised, open-label, phase 3 trial. Lancet Oncol. 2020, 21, 1563–1573.
[CrossRef] [PubMed]

15. Motzer, R.J.; Penkov, K.; Haanen, J.; Rini, B.; Albiges, L.; Campbell, M.T.; Venugopal, B.; Kollmannsberger, C.; Negrier, S.;
Uemura, M.; et al. Avelumab plus Axitinib versus Sunitinib for Advanced Renal-Cell Carcinoma. N. Engl. J. Med. 2019,
380, 1103–1115. [CrossRef]

16. Tannir, N.M.; Frontera, O.A.; Hammers, H.J.; Carducci, M.A.; McDermott, D.F.; Salman, P.; Escudier, B.; Beuselinck, B.; Amin, A.;
Porta, C.; et al. Thirty-month follow-up of the phase III CheckMate 214 trial of first-line nivolumab + ipilimumab (N+I) or
sunitinib (S) in patients (pts) with advanced renal cell carcinoma (aRCC). JCO 2019, 37 (Suppl. 7), 547. [CrossRef]

17. Motzer, R.; Tannir, N.; McDermott, D.; Burotto, M.; Choueiri, T.; Hammers, H.; Plimack, E.; Porta, C.; George, S.; Powles, T.; et al.
661P Conditional survival and 5-year follow-up in CheckMate 214: First-line nivolumab + ipilimumab (N+I) versus sunitinib (S)
in advanced renal cell carcinoma (aRCC). Ann. Oncol. 2021, 32, S685–S687. [CrossRef]

18. Motzer, R.J.; Choueiri, T.K.; Powles, T.; Burotto, M.; Bourlon, M.T.; Hsieh, J.J.; Maruzzo, M.; Shah, A.Y.; Suarez, C.;
Barrios, C.H.; et al. Nivolumab + cabozantinib (NIVO+CABO) versus sunitinib (SUN) for advanced renal cell carcinoma (aRCC):
Outcomes by sarcomatoid histology and updated trial results with extended follow-up of CheckMate 9ER. JCO 2021, 39 (Suppl. 6), 308.
[CrossRef]

19. Motzer, R.; Alekseev, B.; Rha, S.-Y.; Porta, C.; Eto, M.; Powles, T.; Grünwald, V.; Hutson, T.E.; Kopyltsov, E.; Méndez-Vidal, M.J.;
et al. Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. J. Med. 2021, 384, 1289–1300.
[CrossRef]

20. Vuky, J.; Balar, A.; Castellano, D.; O’Donnell, P.H.; Grivas, P.; Bellmunt, J.; Powles, T.; Bajorin, D.; Hahn, N.M.; Savage, M.J.; et al.
Long-Term Outcomes in KEYNOTE-052: Phase II Study Investigating First-Line Pembrolizumab in Cisplatin-Ineligible Patients
With Locally Advanced or Metastatic Urothelial Cancer. J. Clin. Oncol. 2020, 38, 2658–2666. [CrossRef]

21. Galsky, M.D.; Arija, J.Á.A.; Bamias, A.; Davis, I.D.; De Santis, M.; Kikuchi, E.; Garcia-Del-Muro, X.; De Giorgi, U.; Mencinger, M.;
Izumi, K.; et al. Atezolizumab with or without chemotherapy in metastatic urothelial cancer (IMvigor130): A multicentre,
randomised, placebo-controlled phase 3 trial. Lancet 2020, 395, 1547–1557. [CrossRef] [PubMed]

22. Powles, T.; van der Heijden, M.S.; Castellano, D.; Galsky, M.D.; Loriot, Y.; Petrylak, D.P.; Ogawa, O.; Park, S.H.; Lee, J.-L.; De
Giorgi, U.; et al. Durvalumab alone and durvalumab plus tremelimumab versus chemotherapy in previously untreated patients
with unresectable, locally advanced or metastatic urothelial carcinoma (DANUBE): A randomised, open-label, multicentre, phase
3 trial. Lancet Oncol. 2020, 21, 1574–1588. [CrossRef]
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