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Simple Summary: The proven efficacy of mTOR inhibitor (mTORI), tyrosine kinase inhibitor (TKI)
or immune checkpoint inhibitor (ICI) therapies in metastatic renal cell carcinoma (RCC) suggests that
these agents should be investigated as adjuvant therapy with the aim of eliminating undetectable
microscopic residual disease after curative resection. Our study aimed to compare the efficacy of these
treatments using an innovative method that reconstructs individual patient data from Kaplan—-Meier
(KM) curves. Nine phase III trials describing different treatment options for adjuvant RCC were
selected. Individual patient data were reconstructed from KM curves of disease-free survival (DFS)
using the IPDfromKM method. DFS was then compared between the combination treatments and
the control arm (placebo). The results were summarized as multi-treatment KM curves. Standard
statistical tests were used, including the hazard ratio for superiority and the likelihood ratio test for
heterogeneity. In the population of these nine trials, our study showed that two ICIs (nivolumab plus
ipilimumab and pembrolizumab) and one TKI (sunitinib) were superior to the placebo, whereas the
remaining TKIs and mTORIs were not. As we assessed DFS as the primary endpoint for the adjuvant
comparison, the overall survival benefit remains unknown. This novel approach to studying survival
has allowed us to make all of the indirect head-to-head comparisons between these agents in a context
where no “real” comparative trials have been conducted.

Abstract: Background: The proven efficacy of mTOR inhibitors (mTORIs), tyrosine kinase inhibitors
(TKIs) or immune checkpoint inhibitors (ICIs) in metastatic renal cell carcinoma (RCC) suggests that
these agents should be investigated as adjuvant therapy with the aim of eliminating undetectable
microscopic residual disease after curative resection. The aim of our study was to compare the efficacy
of these treatments using an innovative method of reconstructing individual patient data. Methods:
Nine phase III trials describing adjuvant RCC treatments were selected. The IPDfromKM method
was used to reconstruct individual patient data from Kaplan-Meier (KM) curves. The combination
treatments were compared with the control arm (placebo) for disease-free survival (DFS). Multi-
treatment KM curves were used to summarize the results. Standard statistical tests were performed.
These included hazard ratio and likelihood ratio tests for heterogeneity. Results: In the overall
population, the study showed that two ICIs (nivolumab plus ipilimumab and pembrolizumab) and
one TKI (sunitinib) were superior to the placebo, whereas both TKIs and mTORIs were inferior. As
we assessed DFS as the primary endpoint for the adjuvant comparison, the overall survival benefit
remains unknown. Conclusions: This novel approach to investigating survival has allowed us to
conduct all indirect head-to-head comparisons between these agents in a context where no “real”
comparative trials have been conducted.
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1. Introduction

Renal cell carcinoma (RCC) is the most common type of kidney cancer, accounting
for about 2% of all cancer diagnoses worldwide. Approximately 80% of RCCs are clear
cell tumors [1].

Over the last 20 years, the prognosis for patients with metastatic RCC has improved
thanks to the results of clinical trials with mTOR inhibitors (mTORISs), tyrosine kinase
inhibitors (TKIs) or immune checkpoint inhibitors (ICIs). The most recent revolution is the
treatment of metastatic RCC with ICI combinations or ICI-TKI combinations [2-5], which
has resulted in a significant improvement in survival, although not a cure.

Prevention of metastatic disease remains a priority in the curative setting of early stage
RCC. For patients with locoregional RCC, partial or radical nephrectomy is the standard of
care, and adjuvant treatment is an option to reduce the risk of recurrence, considering that
40% of surgically resected patients with stage II-1II disease will relapse [6-10].

The proven efficacy of ICI, TKI and mTORI therapies in metastatic RCC suggested
that these agents should be investigated as adjuvant therapy with the aim of eliminating
any residual undetectable microscopic disease after curative resection.

Numerous randomized phase III trials in the adjuvant treatment of patients with RCC
have ended with conflicting results, but overall, they seem to show a greater benefit of
treatment with ICIs compared to TKIs and mTORIs [11-19]. As a result of this uncertainty,
adjuvant therapies have also had different regulatory pathways. In fact, sunitinib, the first
adjuvant therapy approved by the Food and Drug Administration (FDA) for the adjuvant
treatment of RCC, was not approved by the European Medicines Agency (EMA).

In this scenario, given the available results and the lack of head-to-head comparisons
between the adjuvant treatment options studied to date, we conducted an analysis using a
new artificial intelligence technique (called the “IPDfromKM” method or Shiny method)
to compare disease-free survival (DFS) in patients with resected primary RCC at risk of
recurrence. Only results from phase III randomized clinical trials (RCTs) with adjuvant
mTORI or ICI or TKI were included in the analysis.

The IPDfromKM method is a new artificial intelligence tool that reconstructs indi-
vidual patient data from the graph of Kaplan-Meier (KM) curves and allows cross-study
comparisons to be made based on reconstructed patients [20,21]. This is a relatively new
method for generating new original clinical evidence and is particularly suitable for indirect
comparison of time-to-event endpoints, especially those with a long follow-up, because
it takes into consideration the time at which events occurred, while a standard binary
meta-analysis ignores this information. In addition, the IPDfromKM method presents
an easy-to-understand summary of results generating a unique KM chart containing the
curves based on reconstructed patients and pooling all patients who received the same
treatment, regardless of the clinical trial. In other words, the Forest plot typical of standard
binary meta-analysis is replaced by a survival plot with as many KM curves as the number
of treatments compared. The main treatment regimens can be further compared with each
other using standard statistical methods such as the hazard ratio. Thanks to this method,
in the present report we provide a comparative overview of the main adjuvant treatments
available for RCC patients and determine their place in therapy and their relative efficacy.

2. Materials and Methods
2.1. Study Design

In accordance with recent publications [5,21,22], we conducted a comprehensive litera-
ture review to identify primary treatment options for adjuvant treatment of RCC. Following
the selection of relevant studies, we utilized the IPDfromKM method to reconstruct in-
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dividual patient data from KM graphs and consequently perform head-to-head indirect
comparisons between treatments [20]. Our analysis focused on disease-free survival (DFS)
as the primary endpoint. Results were shown through multi-treatment KM curves.

2.2. Literature Search

We searched the ClinicalTrials.gov database to identify randomized controlled tri-
als (RCTs) that were eligible for our analysis (last search on 15 November 2023). The
following search terms were used: “renal cell carcinoma” OR “RCC”. Only phase III
randomized interventional clinical trials were selected applying the filter option. By elimi-
nating duplicates, 146 RCTs emerged. The main inclusion criteria were: (a) RCC treatment
(not diagnostic, imaging or surgical trials, not other diseases or solid tumors of different
origin); (b) adjuvant treatment (not neoadjuvant/adjuvant treatment, not perioperative
treatment, not locally advanced or metastatic treatment); (c) ICI or TKI or mTORI treatment;
(d) inclusion of non-metastatic patients; () DFS endpoint; and (f) publication of results as a
KM curve. The selection of articles from our literature search was based on the PRISMA
algorithm, which recorded the reasons for inclusion and exclusion of each trial [23]; the
final list of included trials was determined in the last step of the PRISMA flow.

For each trial included, we recorded the number of patients enrolled and the number
of events (defined as first documented local or distant recurrence of RCC, secondary
systemic malignancy, or death from any cause, whichever occurred first). To avoid duplicate
inclusion of patients from the same trial, only the most recent publication was included.

2.3. Reconstruction of Individual Patient Data

Patient-level data were reconstructed from KM curves using the IPDfromKM method,
as previously described [20,21]. The curves were digitized with Webplot digitizer (version
4.5 online; URL https://apps.automeris.io/wpd/, accessed on 10 January 2024) and subse-
quently entered into the individual patient data reconstruction tool of the Shiny software
(version 1.2.3.0).

Reconstructed individual patient data included observation time (defined as differ-
ence between enrolment and last follow-up) and patient outcome at last follow-up (alive,
dead, censored).

2.4. Statistical Analysis

Restricted mean survival and DFS were estimated for each experimental treatment
in comparison to placebo using Cox statistics for time-to-event endpoints; hazard ratio
(HR) with 95% confidence interval (CI) and medians with 95% CI were also calculated. The
likelihood ratio test was used to assess heterogeneity in outcomes between control groups of
different RCTs. Moreover, indirect comparisons between treatments were assessed using the
Cox model through four specific R-platform (version 4.2.1) packages for statistical analyses:
survival, survRM2, survminer and ggsurvplot (2020; https:/ /www.R-project.org/, accessed
on 18 December 2023).

3. Results

Nine trials met the criteria for inclusion in our analysis (see Figure 1 for the PRISMA
flowchart and Table 1 for RCT characteristics). Three trials involved an experimental
treatment with parenteral ICIs while six trials were based on oral therapies such as TKIs
(n =5) or mTORI (n = 1). In all nine trials, the control arm was the placebo. In the application
of the IPDfromKM method, we reconstructed 20 patient cohorts which represented the
clinical material to perform our indirect comparisons.
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Phase Il Clinical trials (N=146)

Other medical condition or study in solid Studies of diagnostic, imaging and
tumors of various origins (N=28) surgical techniques (N=13)

Phase llI Clinical trials on RCC (N=105)

Locally advanced or metastatic Perioperative or necadjuvant
RCC treatment (N=85) RCC treatment (N=2)

Phase 1l Clinical trials for
adjuvant treatment of RCC (N=18)

No ICI or TKI or mTORI
treatment (N=6)

Phase 111 Clinical trials for adjuvant treatment
of RCC with ICI or TKI or mTORI (N=12)

Recruitment open, no results published (N=2) Only M1 patients (N=1)

Clinical trials included in the analysis (N=9)

Figure 1. PRISMA flowchart of the process of trial selection. Abbreviations: RCC, renal cell carcinoma;
DFS, disease-free survival.

Table 1. Main information about the nine RCTs included in the analysis.

DFS
# Trial Reference Treatments under Comparison Treatment Group Controls
(Events/Patients) (Events/Patients)
KEYNOTE-564 Pembrolizumab (200 mg) Q3W
ARCCO01 (two-arm) Powles et al. [11] (max 17 cycles); Placebo Q3W. 114/496 169/498
IMmotion010 Atezolizumab (1200 mg) Q3W
ARCCO02 (two-arm) Pal et al. [12] (max 16 cycles); Placebo Q3W. 164/390 168/388
Nivolumab (240 mg) Q2W (max
CheckMate914 12 cycles) + Ipilimumab
ARCCO03 (two-arm) Motzer et al. [13] (1 mg/kg) Q6W (max 4 cycles); 110/405 118/411
Placebo Q2W + Q6W.
ATLAS ~ . Axitinib (5 mg) BID (max 3 years);
TKIO01 (two-arm) Gross-Goupil et al. [14] Placebo BID (max 3 years). 96/363 107/361
Sorafenib (400 mg) BID for 3 years 245/639
TKIO2 SORCE Eisen et al. [15] Sorafenib (400 mg) BID for 1 year 167,430
(three-arm) plus placebo for 2 years; Placebo 242 /642
BID for 3 years.
Sunitinib (50 mg) (4 weeks 284/647
ASSURE on/?2 off) for 54 weeks;
TKI03 Haas et al. [16] 287/647
(three-arm) Sorafenib (400 mg) BID for 284/649
54 weeks; Placebo for 54 weeks.
TKI04 PROTECT Motzer et al. [17] Pazopanib (600 mg) for 1 year; 194/571 202/564
(two-arm) Placebo for 1 year.
S-TRAC Sunitinib (50 mg) (4 weeks
TKIO5 Ravaud et al. [18] on/2 off) for 52 weeks; 113/309 144/306
(two-arm)
Placebo for 52 weeks.
mTORIOL EVEREST Ryan et al. [19] Everolimus (10 mg) for 54 weeks; 262/755 204/744

(two-arm) Placebo for 54 weeks.
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To conduct the indirect comparisons between the three ICI treatments, the DFS KM
curves from the reconstructed patients of the ICI trials were plotted individually and
reported in a single multi-treatment graph, with the three placebo cohorts pooled into
a single graph. In this way, a total of four curves were generated (Figure 2A). Our DFS
analysis on these reconstructed patients demonstrated superiority, in comparison with the
placebo, as adjuvant therapy for both pembrolizumab (HR 0.62; 95% CI 0.50-0.78; p < 0.001)
and nivolumab plus ipilimumab (HR 0.74; 95% CI 0.60-0.93; p = 0.008). Atezolizumab
showed no advantage in DFS compared to the placebo (HR 1.04; 95% CI 0.86-1.26; p = NS).

The likelihood ratio test carried out on control arms showed no heterogeneity between
these cohorts (likelihood ratio test, 5.01 on 2 df, p < 0.08; Figure 2B).
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Figure 2. Panel (A) Shiny technique applied to placebo (n = 1297 from three trials; in red) and to three
combination treatments: (a) pembrolizumab 200 mg (n = 496; in green); (b) atezolizumab 12,000 mg
(n = 390; in light blue); (c) nivolumab 240 mg + ipilimumab 1 mg/kg (n = 405; in purple). Panel
(B) Kaplan-Meier curves generated after reconstructing patient-level data from the three control
arms of the included trials (placebo treated): Powles et al., 2022 (n = 498; in red [11]); Pal et al., 2022
(n = 388; in green [12]); Motzer et al., 2023 (n = 411; in blue [13]). Endpoint: disease-free survival
(DFS), time in months. Abbreviations: n, number of patients.

Detailed results of indirect comparisons of the three ICIs treatments in all head-to-head
combinations are reported as Forest plots of HRs with 95% CI (Figure 3 and Table S1). This
analysis shows that pembrolizumab (HR = 0.60; 95% CI 0.45-0.81; p < 0.001) and nivolumab
plus ipilimumab (HR = 0.72; 95% CI 0.54-0.96; p = 0.024) were superior to atezolizumab;
on the other hand, pembrolizumab was not significantly superior to nivolumab plus
ipilimumab (HR = 0.83; 95% CI 0.61-1.14; p = NS).

pembrolizumab .
atezolizumab

nivolumab + ipilimumab .

T T T
0 0.5 1.0 15

Figure 3. Forest plot showing the disease-free survival of adjuvant renal cell carcinoma patients
treated with ICI treatment. Values are reported as HR of disease-free survival compared with controls.
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To conduct indirect comparisons across oral treatments, the DFS KM curves from
reconstructed patients of TKI and mTORI trials were plotted separately and reported as a
single multi-treatment graph. The six control arms of oral therapy treatments demonstrated
significant heterogeneity (Figure S1). Our head-to-head indirect comparisons were designed
as follows. Firstly, we identified two non-heterogeneous subgroups among these trials
because patients in the ATLAS trial were comparable to those in SORCE and EVEREST trials
(subgroup #1) while patients in the ASSURE trial were comparable to those in PROTECT
and S-TRAC trials (subgroup #2). Likewise, patients treated with the placebo in each of
these two subgroups were combined to form two separate control cohorts. Finally, the
DEFS of the three active arms within each subgroup was compared to that of the respective
pooled controls (Figure 4).
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Figure 4. Application of the Shiny method in our subgroup analysis. Panel (A): comparison of DFS
of the placebo (n = 1535 from ATLAS, SORCE and EVEREST trials; in red) with treatment arms
of ATLAS ((axitinib n = 363; in gold); [14]), SORCE ((sorafenib for 3 years; n = 639; in turquoise)
and (sorafenib for one year; n = 642; in blue); [15]) and EVEREST RCT ((everolimus; n = 755; in
purple); [19]). Panel (B): comparison of DFS of placebo (n = 1517 from ASSURE, PROTECT and
S-TRAC trials; in red) with treatment arms of ASSURE (sorafenib for 1 year (n = 649; in gold) and
(sunitinib; n = 647; in light green); [16]), PROTECT (pazopanib (n = 571; in blue); [17]) and S-TRAC
RCT ((sunitinib; n = 309; in purple); [18]). End-point: disease-free survival (DFS), time in months.
Abbreviations: n, number of patients.

Most oral drug treatments did not show any DFS benefit over the placebo. Only
two studies with sorafenib or sunitinib demonstrated a DFS advantage, but the results
were somewhat contradictory. In fact, in the SORCE trial, patients receiving sorafenib
400 mg BID for 3 years showed a significantly longer DFS than the controls (HR = 0.83;
95% CI 0.71-0.98; p = 0.028) but not those treated for one year (HR = 0.89; 95% CI 0.76-1.04;
p =NS). Conversely, in the ASSURE study, patients treated with sorafenib for approxi-
mately one year (54 weeks) showed a significantly longer DFS than placebo (HR = 0.85;
95% CI1 0.74-0.99; p = 0.036). In the S-TRAC study, sunitinib determined a significant advan-
tage over the placebo (HR = 0.81; 95% CI 0.66-0.99; p = 0.041), but in the ASSURE study the
sunitinib treatment arm did not confirm this result, even though the dosage was the same.

Based on these intermediate results of our analysis, in the trials in which the active
arm reported a DFS benefit over placebo (namely, KEYNOTE-564, CheckMate-914, S-TRAC,
SORCE, based on the advantage at 3 years in sorafenib arm, and ASSURE, based on
the advantage at 1 year in sorafenib arm), the treatment arms were indirectly compared
with one another in all combinations (Table S2). At the same time, we performed the
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heterogeneity test on the control arms (Figure S2). With a likelihood ratio test of 34.42 on
4 df, p < 0.001, the SORCE trial proved to be an outlier compared with the other control
arms and, therefore, was excluded from the indirect comparison. After this exclusion of the
SORCE study, the analysis of the control arms showed no heterogeneity (likelihood ratio
test=3.68 on 3 df, p = 0.3).

Figure 5 shows the results of our main analysis in which pembrolizumab (HR 0.67;
95% CI 0.54-0.83; p < 0.001), nivolumab plus ipilimumab (HR 0.81; 95% CI 0.66-0.99;
p = 0.05) and sunitinib (HR 0.82; 95% CI 0.67-0.99; p = 0.05) demonstrated superiority
compared to the placebo. These three treatments were indirectly compared with one
another, and these comparisons showed that pembrolizumab was significantly superior
to 1-year treatment with sorafenib (HR = 0.76; 95% CI 0.60-0.98; p = 0.038); no significant
difference was observed in the remaining comparisons (Figure 6, Table S3).

pembrolizumab

nivolumab+ipilimumab

Sorafenib 1y

J

Sunitinib 1y

controls

(3] 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Months

1862 1605 1297 1109 928 786 641 502 392 308 267 221 192 148 100 79 33 0
496 423 336 270 205 146 90 34 0 0 0 0 0 0 0 0 0 0
405 361 291 234 192 149 107 74 40 0 0 Q 0 0 0 0 0 0
649 613 519 455 402 359 322 284 249 218 189 165 139 115 87 69 44 17
309 206 258 217 188 167 144 131 115 9F 84 68 59 43 29 15 2 0
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 0 9 102

Months

Figure 5. Comparison between DFS of the placebo (n = 1862 from 4 trials; in red) and of four treat-
ments that showed survival benefit compared to control: (a) pembrolizumab (n = 496; in gold);
(b) nivolumab + ipilimumab (n = 405; in light green); (c) sorafenib for 1 year (n = 649; in blue)
and (d) sunitinib (n = 309; in purple). Endpoint: disease-free survival (DFS), time in months.
Abbreviations: n, number of patients.

L ]

pembrolizumab

]

nivolumab + ipilimumab

]

sorafenib

L]

sunitinib

| | | | | |
0.5 0.6 0.7 0.8 0.9 1.0 11

Figure 6. Forest plot showing the disease-free survival of adjuvant renal cell carcinoma patients
treated with ICI and TKI regimens. Values are reported as HR of disease-free survival compared
with controls.

Opverall, the efficacy of adjuvant treatments for RCC ranks as follows: (1) pembrolizumab;
(2) nivolumab + ipilimumab; (3) sunitinib.
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In our estimation of absolute outcome parameters, only the S-TRAC trial had a suffi-
cient follow-up to reach the median DFS; hence, we decided to calculate the Restricted Mean
Survival Times (RMSTs) as an alternative to medians. Our RMST analysis was truncated at
44 months; its results are reported in Table S3. All the five active treatments showed a DFS
benefit compared to the placebo. In terms of clinical relevance, pembrolizumab produced
a three-month advantage over the placebo (RMST of 36.09 vs. 32.9 months, respectively),
while it was only slightly superior to the other treatments.

4. Discussion

The present study investigated the main treatments for adjuvant RCC using an inno-
vative tool to reconstruct individual patient data, known as the “IPDfromKM” or “Shiny
method”. This technique, applied to indirect comparisons based on standard statistics, is a
valid alternative to network meta-analysis, mainly because of its ability to adjust for the dif-
ferent lengths of follow-up in the included trials. For this reason, the IPDfromKM method
is particularly suitable for studies in the field of oncology and hemato-oncology [22], and its
use has recently been extended to cardiology, where long follow-up is also common [24,25].

Additional advantages of the IPDfromKM method are the straightforward fitting
procedure and the summary of results expressed as a KM curves of immediate visual
interpretation. The technique also comes with some limitations like the great dependence
on availability of KM curves in the original publication of the trial, which often impairs
subgroup analysis, a certain dependence on the accuracy of graph processing and the
absence of statistical techniques for analyzing variability such as sensitivity analysis. Nev-
ertheless, validation studies document that, in using the Shiny method, the agreement
between KM curves based on the real patients and KM curves based on reconstructed
patients is excellent [26,27].

Our study is the first to indirectly compare the DFS of different drug classes in the
adjuvant treatment of RCC. Our results show that two ICIs (pembrolizumab and nivolumab
plus ipilimumab) and one TKI (sunitinib) showed superiority over the placebo, whereas
both TKI and mTORI did not.

The pattern of heterogeneity estimated in the included trials is an interesting finding of
our study. For the ICI trials, despite some differences in patient inclusion criteria (e.g., the
KEYNOTE-564 and IMmotion010 trials enrolled 6% and 14% of M1 patients, respectively),
the heterogeneity test showed substantial comparability between these populations. In
contrast, the analysis of the TKI or mTORI trials showed significant heterogeneity in the
control arms, which negatively affected the reliability of our indirect comparisons. This
heterogeneity was likely due to differences in patient selection criteria, such as the presence
of a high proportion of patients with early-stage tumors, sarcomatoid features or specific
factors that increase the risk of relapse.

Patients at high risk of relapse should be the focus of adjuvant trials, as currently
recommended [28,29], and indeed the benefit of adjuvant TKI treatment may be greater in
patients at higher risk, as demonstrated in the S-TRAC trial [18] with sunitinib. In addition
to eligibility criteria, the efficacy of TKIs and mTORIs may be related to other factors that
influence drug exposure, such as patient adherence, discontinuation due to adverse drug
reactions, different dose reduction schedules and duration of treatment. For example, in
the sunitinib arm of the ASSURE trial, the dose was allowed to be reduced to 25 mg, and
midway through the trial the starting dose was changed from 50 mg to 37.5 mg (a dose
level not allowed in the S-TRAC trial). In addition, the duration of oral treatment was quite
heterogeneous, as ATLAS trial and the sorafenib arm in the SORCE trial proposed 3 years of
treatment, compared with 1 year in the other trials. Furthermore, grade 34 adverse events
occurred in 46% of patients receiving everolimus and 49 to 72% in the TKI trials, which is
more frequent than in the adjuvant ICI trials. The occurrence of adverse events may require
discontinuation of treatment due to intolerance, but this may also be related to patient
choice. Indeed, patients who have undergone nephrectomy are considered disease-free
and may be less willing to accept serious adverse events and reduced quality of life [30].
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Finally, it is possible that the vascular endothelial growth factor pathway, which is primarily
targeted by TKIs, is less involved in the growth of early stage RCC, while remaining a
hallmark of metastatic disease.

Overall, heterogeneity may be intrinsic and related to eligibility criteria or it may
be related to less measurable variables related to the active treatment (e.g., adherence to
therapy, duration of treatment, dose reduction schedule, occurrence of ADRs). In our study,
we mitigated the first source of heterogeneity by performing the likelihood ratio test and
comparing only studies whose placebo arms did not show heterogeneity.

Given that life expectancy after nephrectomy is nearly 40% at 10 years [29,30], a
limitation of the current analysis is that OS was not investigated. Indeed, most of the studies
included in the analysis had DFS as primary endpoint and OS as secondary endpoint. The
availability of OS results is certainly an advantage as it is a simple endpoint, reliable to
measure, easy to interpret and of great clinical utility. However, OS analyses require long
follow-up times, and results may be affected by non-cancer deaths and subsequent lines
of therapy. Further follow-up and maturation of OS data might influence the conclusions
drawn from the study. However, even if DFS benefit may not translate into an OS benefit,
a longer DFS will certainly postpone the initiation of therapies for the advanced setting
which require greater intensity of care and lead to greater patient involvement and reduced
quality of life. We accepted DFS as the primary endpoint for the adjuvant comparison, but,
as the benefit in OS remains unknown, it is an open question whether the DFS advantage is
sufficient to support the financial burden of these therapies. In addition to these economic
issues, further follow-up of these trials will show whether there are long-term survivors and
whether the superiority of pembrolizumab over other TKIs is confirmed. Patient perception
can contribute to a more complete picture of the patient experience of adjuvant therapy,
although the heterogeneity of patient selection remains a limitation. The patient-reported
outcome (PRO) analysis in the ASSURE trial highlighted that sunitinib was associated
with significant fatigue compared to sorafenib treatment or the placebo [31]. The PRO
analysis in the S-TRAC trial showed that adjuvant sunitinib therapy was not associated with
clinically meaningful deterioration in most quality-of-life measures, with the exceptions
of PRO scores for diarrhea and loss of appetite, which reached a clinically meaningful
difference [32]. Adjuvant pembrolizumab therapy in KEYNOTE-564 did not compromise
patient health-related quality of life [33]. Finally, the combination of clinical findings from
the adjuvant RCC treatment trials with artificial intelligence tools (e.g., IPDfromKM) and
molecular insights from the machine learning study may lead to a more comprehensive
understanding of RCC biology, its impact on treatment outcomes and treatment efficacy.
These techniques may lead to new hypotheses for future research and contribute to the
development of more effective and individualized treatment strategies [34].

5. Conclusions

In conclusion, while waiting for data with longer follow-up, most adjuvant treatments
for RCC are currently approved, and the oncologist is faced with difficult clinical decisions.
Our study, despite the limitations described above, mostly related to heterogeneity issues,
allowed head-to-head comparisons between different adjuvant regimens for RCC, ranking
their efficacy and showing pembrolizumab as the most effective option.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/cancers16030557 /s1, Figure S1: Visual representation of indirect treatment
comparisons of six control arms of oral therapy treatments; Figure S52: Visual representation of indirect
treatment comparisons for DFS of control arms of KEYNOTE-564, CheckMate-914, S-TRAC, SORCE
and ASSURE Trials. Table S1: HR of inter-treatment comparison between the three ICIs treatments;
Table S2: HR of inter-treatment comparison between adjuvant treatments for RCC; Table S3: Restricted
mean survival time (RMST) of the five active treatments that showed a DFS benefit compared to the
placebo. References [11,13-19] are cited in the Supplementary Materials.


https://www.mdpi.com/article/10.3390/cancers16030557/s1
https://www.mdpi.com/article/10.3390/cancers16030557/s1

Cancers 2024, 16, 557 10 of 11

Author Contributions: Conceptualization, A.O. and V.D.; data curation, L.D.B. and V.D.; formal
analysis, A.O., L.D.B., AM. and V.D,; investigation, L.G.; methodology, A.O., L.G., AM. and V.D.;
software, A.M.; writing—original draft, A.O. and V.D.; writing—review and editing, L.G. and A.M.
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: The data presented in this study are available in the article and in the
Supplementary Materials.

Acknowledgments: Italian Society for Clinical Pharmacy and Therapeutics (SIFaCT), Turin, Italy.

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

References

1.

10.

11.

12.

13.

14.

Padala, S.A.; Barsouk, A.; Thandra, K.C.; Saginala, K.; Mohammed, A.; Vakiti, A.; Rawla, P; Barsouk, A. Epidemiology of Renal
Cell Carcinoma. World |. Oncol. 2020, 11, 79-87. [CrossRef] [PubMed]

Calvo, E.; Escudier, B.; Motzer, R.J.; Oudard, S.; Hutson, T.E.; Porta, C.; Bracarda, S.; Griinwald, V.; Thompson, J.A,;
Ravaud, A; et al. Everolimus in metastatic renal cell carcinoma: Subgroup analysis of patients with 1 or 2 previous vascular
endothelial growth factor receptor-tyrosine kinase inhibitor therapies enrolled in the phase IIl RECORD-1 study. Eur. ]. Cancer
2012, 48, 333-339. [CrossRef]

Xu, J.X.; Maher, VE,; Zhang, L.; Tang, S.; Sridhara, R.; Ibrahim, A.; Kim, G.; Pazdur, R. FDA Approval Summary: Nivolumab in
Advanced Renal Cell Carcinoma After Anti-Angiogenic Therapy and Exploratory Predictive Biomarker Analysis. Oncologist 2017,
22,311-317. [CrossRef]

Lalani, A.A.; Heng, D.Y.C.; Basappa, N.S.; Wood, L.; Igbal, N.; McLeod, D.; Soulieres, D.; Kollmannsberger, C. Evolving
landscape of first-line combination therapy in advanced renal cancer: A systematic review. Ther. Adv. Med. Oncol. 2022, 14,
17588359221108685. [CrossRef] [PubMed]

Ossato, A.; Mengato, D.; Chiumente, M.; Messori, A.; Damuzzo, V. Progression-Free and Overall Survival of First-Line Treatments
for Advanced Renal Cell Carcinoma: Indirect Comparison of Six Combination Regimens. Cancers 2023, 15, 2029. [CrossRef]
Powles, T.; Albiges, L.; Bex, A.; Griinwald, V.; Porta, C.; Procopio, G.; Schmidinger, M.; Suarez, C.; de Velasco, G.; ESMO
Guidelines Committee. Electronic address: Clinicalguidelines@esmo.org. ESMO Clinical Practice Guideline update on the use of
immunotherapy in early stage and advanced renal cell carcinoma. Ann. Oncol. 2021, 32, 1511-1519. [CrossRef]

Ljungberg, B.; Albiges, L.; Abu-Ghanem, Y.; Bedke, J.; Capitanio, U.; Dabestani, S.; Fernandez-Pello, S.; Giles, R.H.; Hofmann, E,;
Hora, M; et al. European Association of Urology Guidelines on Renal Cell Carcinoma: The 2022 Update. Eur. Urol. 2022, 82,
399-410. [CrossRef] [PubMed]

Martinez Chanza, N.; Tripathi, A.; Harshman, L.C. Adjuvant Therapy Options in Renal Cell Carcinoma: Where Do We Stand?
Curr. Treat. Options Oncol. 2019, 20, 44. [CrossRef]

Motzer, R.J.; Ravaud, A.; Patard, J.J.; Pandha, H.S.; George, D.].; Patel, A.; Chang, Y.H.; Escudier, B.; Donskov, E; Magheli, A.; et al.
Adjuvant Sunitinib for High-risk Renal Cell Carcinoma After Nephrectomy: Subgroup Analyses and Updated Overall Survival
Results. Eur. Urol. 2018, 73, 62—68. [CrossRef]

Harshman, L.C.; Xie, W.; Moreira, R.B.; Bossé, D.; Ruiz Ares, G.J.; Sweeney, C.J.; Choueiri, T.K. Evaluation of disease-free survival
as an intermediate metric of overall survival in patients with localized renal cell carcinoma: A trial-level meta-analysis. Cancer
2018, 124, 925-933. [CrossRef]

Powles, T.; Tomczak, P.; Park, S.H.; Venugopal, B.; Ferguson, T.; Symeonides, S.N.; Hajek, J.; Gurney, H.; Chang, Y.H;
Lee, J.L.; et al. Investigators. Pembrolizumab versus placebo as post-nephrectomy adjuvant therapy for clear cell renal cell
carcinoma (KEYNOTE-564): 30-month follow-up analysis of a multicentre, randomised, double-blind, placebo-controlled, phase
3 trial. Lancet Oncol. 2022, 23, 1133-1144. [CrossRef]

Pal, SK.; Uzzo, R.; Karam, J.A.; Master, V.A.; Donskov, F; Suarez, C.; Albiges, L.; Rini, B.; Tomita, Y.; Kann, A.G.; et al.
Adjuvant atezolizumab versus placebo for patients with renal cell carcinoma at increased risk of recurrence following resection
(IMmotion010): A multicentre, randomised, double-blind, phase 3 trial. Lancet 2022, 400, 1103-1116. [CrossRef]

Motzer, R].; Russo, P; Griinwald, V.; Tomita, Y.; Zurawski, B.; Parikh, O.; Buti, S.; Barthélémy, P.; Goh, ].C.; Ye, D.; et al. Adjuvant
nivolumab plus ipilimumab versus placebo for localised renal cell carcinoma after nephrectomy (CheckMate 914): A double-blind,
randomised, phase 3 trial. Lancet 2023, 401, 821-832. [CrossRef]

Gross-Goupil, M.; Kwon, T.G.; Eto, M; Ye, D.; Miyake, H.; Seo, S.I.; Byun, S.S.; Lee, ].L.; Master, V.; Jin, J.; et al. Axitinib versus
placebo as an adjuvant treatment of renal cell carcinoma: Results from the phase III, randomized ATLAS trial. Ann. Oncol. 2018,
29, 2371-2378. [CrossRef]


https://doi.org/10.14740/wjon1279
https://www.ncbi.nlm.nih.gov/pubmed/32494314
https://doi.org/10.1016/j.ejca.2011.11.027
https://doi.org/10.1634/theoncologist.2016-0476
https://doi.org/10.1177/17588359221108685
https://www.ncbi.nlm.nih.gov/pubmed/35782749
https://doi.org/10.3390/cancers15072029
https://doi.org/10.1016/j.annonc.2021.09.014
https://doi.org/10.1016/j.eururo.2022.03.006
https://www.ncbi.nlm.nih.gov/pubmed/35346519
https://doi.org/10.1007/s11864-019-0639-0
https://doi.org/10.1016/j.eururo.2017.09.008
https://doi.org/10.1002/cncr.31154
https://doi.org/10.1016/S1470-2045(22)00487-9
https://doi.org/10.1016/S0140-6736(22)01658-0
https://doi.org/10.1016/S0140-6736(22)02574-0
https://doi.org/10.1093/annonc/mdy454

Cancers 2024, 16, 557 11 of 11

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Eisen, T.; Frangou, E.; Oza, B.; Ritchie, A.W.S.; Smith, B.; Kaplan, R.; Davis, L.D.; Stockler, M.R.; Albiges, L.; Escudier, B.; et al.
Adjuvant Sorafenib for Renal Cell Carcinoma at Intermediate or High Risk of Relapse: Results From the SORCE Randomized
Phase III Intergroup Trial. J. Clin. Oncol. 2020, 38, 4064—-4075. [CrossRef]

Haas, N.B.; Manola, J.; Uzzo, R.G.; Flaherty, K.T.; Wood, C.G.; Kane, C.; Jewett, M.; Dutcher, J.P.; Atkins, M.B.; Pins, M.; et al.
Adjuvant sunitinib or sorafenib for high-risk, non-metastatic renal-cell carcinoma (ECOG-ACRIN E2805): A double-blind,
placebo-controlled, randomised, phase 3 trial. Lancet 2016, 387, 2008-2016. [CrossRef] [PubMed]

Motzer, R].; Haas, N.B.; Donskov, F; Gross-Goupil, M.; Varlamov, S.; Kopyltsov, E.; Lee, ].L.; Melichar, B.; Rini, B.I,; Choueiri, TK,; et al.
Randomized Phase III Trial of Adjuvant Pazopanib Versus Placebo After Nephrectomy in Patients With Localized or Locally
Advanced Renal Cell Carcinoma. J. Clin. Oncol. 2017, 35, 3916-3923. [CrossRef] [PubMed]

Ravaud, A.; Motzer, R].; Pandha, H.S.; George, D.J.; Pantuck, A J.; Patel, A.; Chang, Y.H.; Escudier, B.; Donskov, F; Magheli, A ; et al.
Adjuvant Sunitinib in High-Risk Renal-Cell Carcinoma after Nephrectomy. N. Engl. J. Med. 2016, 375, 2246-2254. [CrossRef] [PubMed]
Ryan, C.W.; Tangen, C.M.; Heath, E.I; Stein, M.N.; Meng, M.V,; Alva, A.S,; Pal, S.K.; Puzanov, I; Clark, J.I; Choueiri, TK.; et al.
Adjuvant everolimus after surgery for renal cell carcinoma (EVEREST): A double-blind, placebo-controlled, randomised, phase
3 trial. Lancet 2023, 402, 1043-1051. [CrossRef]

Liu, N; Zhou, Y.; Lee, ].J. IPDfromKM: Reconstruct individual patient data from published Kaplan-Meier survival curves. BMC
Med. Res. Methodol. 2021, 21, 111. [CrossRef]

Messori, A. Synthetizing Published Evidence on Survival by Reconstruction of Patient-Level Data and Generation of a Multi-Trial
Kaplan-Meier Curve. Cureus 2021, 13, e19422. [CrossRef]

Messori, A.; Damuzzo, V.; Rivano, M.; Cancanelli, L.; Di Spazio, L.; Ossato, A.; Chiumente, M.; Mengato, D. Application of the
IPDfromKM-Shiny Method to Compare the Efficacy of Novel Treatments Aimed at the Same Disease Condition: A Report of
14 Analyses. Cancers 2023, 15, 1633. [CrossRef]

Shamseer, L.; Moher, D.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: Elaboration and explanation. BMJ 2015, 350,
g7647. [CrossRef]

Messori, A. Reconstruction of individual-patient data from the analysis of Kaplan-Meier curves: The use of this method has
extended from oncology to cardiology. Open Sci. Framew. 2023, preprint. Available online: https://osf.io/qejus(accessed on
15 November 2023).

de Sa Marchi, M.E; Calomeni, P.; Gauza, M.M.; Kanhouche, G.; Ravani, L.V.; Rodrigues, C.V.E; Tarasoutchi, F; de Brito, ES., Jr.;
Rodés-Cabau, J.; Van Mieghem, N.M.; et al. Impact of periprocedural myocardial injury after transcatheter aortic valve
implantation on long-term mortality: A meta-analysis of Kaplan-Meier derived individual patient data. Front. Cardiovasc. Med.
2023, 10, 1228305. [CrossRef]

Saluja, R.; Cheng, S.; Delos Santos, K.A.; Chan, K K.W. Estimating hazard ratios from published Kaplan-Meier survival curves:
A methods validation study. Res. Synth. Methods 2019, 10, 465-475. [CrossRef]

Everest, L.; Blommaert, S.; Tu, D.; Pater, ].L.; Hay, A.; Cheung, M.C.; Chan, KK.W. Validating restricted mean survival time
estimates from reconstructed kaplan-meier data against original trial individual patient data from trials conducted by the
canadian cancer trials group. Value Health 2022, 25, 1157-1164. [CrossRef] [PubMed]

Agrawal, S.; Haas, N.B.; Bagheri, M.; Lane, B.R.; Coleman, J.; Hammers, H.; Bratslavsky, G.; Chauhan, C.; Kim, L,
Krishnasamy, V.P; et al. Eligibility and Radiologic Assessment for Adjuvant Clinical Trials in Kidney Cancer. JAMA Oncol. 2020,
6,133-141. [CrossRef] [PubMed]

Janowitz, T.; Welsh, S.J.; Zaki, K.; Mulders, P; Eisen, T. Adjuvant therapy in renal cell carcinoma-past, present, and future. Semin.
Oncol. 2013, 40, 482-491. [CrossRef] [PubMed]

Giberti, C.; Oneto, F; Martorana, G.; Rovida, S.; Carmignani, G. Radical nephrectomy for renal cell carcinoma: Long-term results
and prognostic factors on a series of 328 cases. Eur. Urol. 1997, 31, 40—48. [CrossRef] [PubMed]

Zhao, E; Cella, D.; Manola, J.; DiPaola, R.S.; Wagner, L.I.; Haas, N.S.B. Fatigue among patients with renal cell carcinoma receiving
adjuvant sunitinib or sorafenib: Patient-reported outcomes of ECOG-ACRIN E2805 trial. Support. Care Cancer 2018, 26, 1889-1895.
[CrossRef] [PubMed]

Staehler, M.; Motzer, R.].; George, D.J.; Pandha, H.S.; Donskov, F; Escudier, B.; Pantuck, A.J.; Patel, A.; DeAnnuntis, L.;
Bhattacharyya, H.; et al. Adjuvant sunitinib in patients with high-risk renal cell carcinoma: Safety, therapy management, and
patient-reported outcomes in the S-TRAC trial. Ann. Oncol. 2018, 29, 2098-2104. [CrossRef] [PubMed]

Choueiri, TK.; Tomczak, P; Park, S.H.; Venugopal, B.; Symeonides, S.; Hajek, J.; Ferguson, T.; Chang, Y.H.; Lee, ].L.; Haas, N.; et al.
Patient-Reported Outcomes in KEYNOTE-564: Adjuvant Pembrolizumab Versus Placebo for Renal Cell Carcinoma. Oncologist
2023, 17, oyad231. [CrossRef] [PubMed]

Marquardt, A.; Solimando, A.G.; Kerscher, A.; Bittrich, M.; Kalogirou, C.; Kiibler, H.; Rosenwald, A. Subgroup-Independent
Mapping of Renal Cell Carcinoma-Machine Learning Reveals Prognostic Mitochondrial Gene Signature Beyond Histopathologic
Boundaries. Front. Oncol. 2021, 11, 621278. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1200/JCO.20.01800
https://doi.org/10.1016/S0140-6736(16)00559-6
https://www.ncbi.nlm.nih.gov/pubmed/26969090
https://doi.org/10.1200/JCO.2017.73.5324
https://www.ncbi.nlm.nih.gov/pubmed/28902533
https://doi.org/10.1056/NEJMoa1611406
https://www.ncbi.nlm.nih.gov/pubmed/27718781
https://doi.org/10.1016/S0140-6736(23)00913-3
https://doi.org/10.1186/s12874-021-01308-8
https://doi.org/10.7759/cureus.19422
https://doi.org/10.3390/cancers15061633
https://doi.org/10.1136/bmj.g7647
https://osf.io/qejus
https://doi.org/10.3389/fcvm.2023.1228305
https://doi.org/10.1002/jrsm.1362
https://doi.org/10.1016/j.jval.2021.12.004
https://www.ncbi.nlm.nih.gov/pubmed/35779942
https://doi.org/10.1001/jamaoncol.2019.4117
https://www.ncbi.nlm.nih.gov/pubmed/31750870
https://doi.org/10.1053/j.seminoncol.2013.05.004
https://www.ncbi.nlm.nih.gov/pubmed/23972712
https://doi.org/10.1159/000474416
https://www.ncbi.nlm.nih.gov/pubmed/9032533
https://doi.org/10.1007/s00520-017-4027-7
https://www.ncbi.nlm.nih.gov/pubmed/29274030
https://doi.org/10.1093/annonc/mdy329
https://www.ncbi.nlm.nih.gov/pubmed/30412222
https://doi.org/10.1093/oncolo/oyad231
https://www.ncbi.nlm.nih.gov/pubmed/37589219
https://doi.org/10.3389/fonc.2021.621278
https://www.ncbi.nlm.nih.gov/pubmed/33791209

	Introduction 
	Materials and Methods 
	Study Design 
	Literature Search 
	Reconstruction of Individual Patient Data 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

