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Abstract

A prognostic model based on the population of the ASSURE phase 3 trial has
recently been described. The ASSURE model stratifies patients into risk groups to
predict survival after surgical resection of intermediate- and high-risk localised
kidney cancer. We evaluated this model in an independent cohort of 1372 patients
using discrimination, calibration, and decision curve analysis. Regarding disease-
free survival, the ASSURE model showed modest discrimination (65%), miscalibra-
tion, and poor net benefit compared with the UCLA Integrated Staging System
(UISS) and Leibovich 2018 models. Similarly, the ability of the ASSURE model to
predict overall survival was poor in terms of discrimination (63%), with overesti-
mation on calibration plots and a modest net benefit for the probability threshold
of between 10% and 40%. Overall, our results show that the performance of the
ASSURE model was less optimistic than expected, and not associated with a clear
improvement in patient selection and clinical usefulness in comparison to with
available models. We propose an updated version using the recalibration method,
which leads to a (slight) improvement in performance but should be validated in
another external population.
Patient summary: The recent ASSURE model evaluates survival after surgery for
nonmetastatic kidney cancer. We found no clear improvement in patient classifi-
cation when we compared ASSURE with older models, so use of this model for
patients with nonmetastatic kidney cancer still needs to be clarified.
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Renal cell carcinoma (RCC) is the most common type of
kidney cancer, accounting for more than 150 000 deaths
each year [1]. Some 80% of patients newly diagnosed with
RCC have nonmetastatic disease and can potentially be
cured by surgery. However, 20–30% of these patients will
experience recurrence [2,3]. Predictive tools can help to
identify patients at risk of progression [4], but there is a lack
of consensus regarding risk stratification: almost all of the
models were developed using historical cohorts from single
institutions without external validation or assessment of
calibration or clinical benefit.

Correa and colleagues [5] recently used data from the
ASSURE randomised trial to build a prognostic model to
predict oncological outcomes (disease-free survival [DFS],
overall survival [OS], and early disease progression [EDP]) in
patients with nonmetastatic high-risk RCC (defined as pT1b
and grade 3–4; pT2/pT3/pT4; N1). The ASSURE model
includes seven parameters (vascular invasion, tumour
histology, tumour size, tumour grade, presence of tumour
necrosis, presence of nodal disease, and age) and stratifies
patients according to their risk. There are three prognostic
groups (high, intermediate, and low risk) for estimation of
DFS and four for prediction of OS (high, intermediate I,
intermediate II, and low risk).

Our objective was to validate the ASSURE model in a
large, independent, multi-institutional cohort of patients
treated in a “real life” setting outside of a clinical trial.

After institutional review board approval, data for patients
from ten institutions who underwent radical or partial
nephrectomy for nonmetastatic RCC between 2013 and
2019 were analysed. We exclusively focused on patients with
pT1b and International Society of Urological Pathology (ISUP)
grade 3–4, pT2, pT3, pT4 and N1 disease (ie, those classified as
intermediate and high risk according to the ASSURE model).
We excluded patients who received adjuvant or neoadjuvant
treatment (n = 19). All surgical specimens were processed
according to standard pathological procedures. Vascular
invasion was defined as the presence of any invasion of the
vena cava or renal vein and its segmental branches, whether
identified grossly or microscopically. Microvascular invasion
was defined as invasion by neoplastic cells or tumour emboli
in microscopically visible intratumoural vascular vessels or
lymphatic vessels.

We plotted survival curves using Kaplan-Meier estimates
for a direct visual comparison between groups. Then we
used the regression coefficients reported by Correa et al [5]
to calculate the individual risk of DFS and OS in our cohort
according to the log-normal survival function formula
S tð Þ ¼ 1 � F log tð Þ�m

s

� �
.

The performance of the ASSURE model was evaluated in
terms of discrimination and calibration. Discrimination (the
ability to discern patients who will experience an event
from those who will not) was quantified using the
concordance index (C-index) of Uno for specific time points
and of Harrell for global time assessment. Calibration (the
ability to make predictions as close as possible to the
occurrence of real events) was assessed using the Brier
score and calibration plots. The Brier score is the mean of
the square of the difference between predicted and
observed probabilities: a score of zero indicates perfect
calibration and one is the worst possible calibration.
Decision curve analysis (DCA) was used to determine
whether the clinical value of the new model increased the
net benefit over a realistic range of threshold probabilities.
Finally, DCA results for the ASSURE model were compared
with those for the older UCLA Integrated Staging System
(UISS) [6] and the Leibovich 2018 score [7] (Supplementary
Table 1). Missing data were imputed five times, with
predictive mean matching for numeric variables and logistic
regression for binary variables. Statistical significance was
defined as a two-sided p value of <0.05. All statistical
analyses were performed with Stata v15.1 (StataCorp,
College Station, TX, USA).

A total of 1372 patients were included in the analysis.
Supplementary Table 2 shows the characteristics of the
population. The median age was 64 yr (interquartile range
[IQR] 55–72). The median tumour size was 6.5 cm (IQR 5–9).
The majority of tumours were clear cell RCC (77%) of high
ISUP grade (72% grade 3 and 4), with 45% exhibiting tumour
necrosis and 5% harbouring nodal involvement. The median
follow-up was 54 mo (IQR 32–75).

Figure 1 shows Kaplan-Meier curves for DFS and OS by
risk group in the ASSURE model. The DFS curves are clearly
separated, dividing the cohort into three distinct risk
groups. However, the difference is less clear for OS; in
particular, the curves for intermediate I and intermediate II
risk do not clearly separate during the first 40 mo.

Regarding discrimination, the ASSURE model achieved a
C-index of 65% (95% CI 61–72%) for DFS and 63% (95% CI 60–
69%) for OS prediction, which is quite modest (Fig. 2A).

The calibration curve presented in the Supplementary
material shows that (1) the probability of dying in the
validation cohort is constantly overestimated (Fig. 1B) and
(2) the probability of relapse in the validation cohort is
overestimated in early follow-up (<1 yr) and under-
estimated after 18 mo of follow-up (Fig. 1A).

We used the integrated Brier score to summarise both
discrimination and calibration of the ASSURE model over an
interval of 72 mo. We observed an integrated Brier score of
0.23 and 0.29 for DFS and OS, respectively (Fig. 2B), which is
quite modest.

Lastly, DCA demonstrated only a slight improvement
with the ASSURE model over UISS and Leibovich scores for
DFS and OS predictions: specifically, the ASSURE model
showed a small net benefit in the 5–25% range of threshold
event probabilities for DFS and in the 10–40% range for OS
(Fig. 2C and 2 D).

To mitigate the miscalibration of the ASSURE model and
obtain a better fit to our population (patients treated in “real
life” outside of a clinical trial), we updated the ASSURE
model by making new estimates of both the scale and the
mean (Supplementary Table 3). This approach is common
and referred to as recalibration in the literature. We found
that the updated model had better calibration (Supplemen-
tary Fig. 2) and a better net benefit (Supplementary Fig. 3).

The ASSURE model is the most recently reported
prognostic model evaluating survival after resection of
localised RCC. It was designed by an expert team using



Fig. 1 – Kaplan-Meier curves showing (A) disease-free survival (DFS) and (B) overall survival (OS) for patients after surgical resection of renal cell
carcinoma, stratified by prognostic risk group.

Fig. 2 – (A) Model discrimination and (B) prediction error curves showing the Brier score for each time point. Decision curve analysis showing the net
benefit associated with use of the ASSURE model, UISS model, and Leibovitch 2018 model [7] at 60 mo for prediction of (C) disease-free survival (DFS)
and (D) overall survival (OS). CI = confidence interval; UISS = UCLA Integrated Staging System.
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robust statistics. The authors described their model as
superior to classical ones but admitted a lack of discrimi-
nation over time.

Our analysis shows that the ASSURE model can indeed
classify patients into different prognostic groups. However,
we observed poor performance with modest discrimination
ability (C-index of 0.65 and 0.63 in our cohort, vs 0.68 and
0.69 in the internal validation of the model), miscalibration,
and, more importantly, a minimal net benefit over the
classical UISS and Leibovich models.

Finding lower performance in external validation studies
is not surprising. There are some hypotheses that can
explain our results. (1) The ASSURE cohort is older than ours
(2006–2010 vs 2013–2019) and surgical management of
renal tumours has evolved over the last decade, with
increased use of partial nephrectomy (vs radical nephrec-
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tomy) to treat larger and more complex renal masses [8],
which might have had an impact on survival. (2) The larger
proportion of pT1b tumours in our cohort (25% vs 11%) may
have contributed to the system miscalibration [9]; ISUP
grade and microvascular invasion (two parameters included
in the ASSURE model) are strong predictors of kidney
cancer–specific mortality, but they may not have the same
impact when applied to a population with lower-stage
tumours. (3) There is well-known variability for stage and
grade interpretation among pathologists that might have
introduced some bias [10].

The strengths of our analysis are the sample size and the
rigorous approach. We included patients who were treated
off protocol in academic centres. Patient management was
carried out according to modern surgical and medical
practices. Regarding the external validation, our study was
in accordance with the method described by Royston and
Altman [11] for survival prediction models. The retrospec-
tive analysis introduced a potential selection bias. Although
all centres adhered to the guidelines and terminologies used
in current practice, the absence of central review may have
led to heterogeneity in imaging reporting and pathological
analysis because of the involvement of multiple physicians
with various ranges of expertise.

Finally, randomised clinical trials provide a tempting
data source for the development of prognostic models.
However, we should be aware of some drawbacks, which
include selective inclusion of centres, selective eligibility
and enrolment, predictor measurement, and the protocol
effect [12]. For these reasons we believe that real live data
are a valuable addition to the knowledge gained from
clinical trial data.

In conclusion, the ability of the ASSURE model to predict
oncological outcomes following surgical resection of RCC is
comparable to that of classical prognostic systems. To
increase the performance of prognostic systems, integration
of novel biological and/or imaging biomarkers might be
required.
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Supplementary material related to this article can be
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