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Abstract

Background/Objectives: Renal cancer has a heterogeneous characteristic. Prognostic mod-
els can enable a better evaluation of the prognosis. This study aimed to analyze the clinical
applicability and risk of bias of prognostic models described in the literature for predict-
ing cancer-specific mortality in renal cancer patients who have undergone nephrectomy.
Methods: A systematic review (PROSPERO [CRD42021243529]) of all scientific articles
that evaluate prognostic models for cancer-specific mortality due to renal cancer was per-
formed. Descriptive analysis and application of the Checklist for Critical Appraisal and
Data Extraction for Systematic Reviews of Prediction Modelling Studies (CHARMS) and
the Prediction Model Risk Of Bias Assessment Tool (PROBAST) were used. Results: Most
of the 40 reviewed studies used retrospective cohort designs, mainly based on hospital
records or the SEER database, and focused on patients undergoing nephrectomy. While
50% developed models without validation, the rest included internal or external validation
methods, with nomograms being the most common format for presenting results. Cox
regression was the main modeling technique, although problems such as poor treatment of
missing data, inadequate reporting of events per variable, and limited assessment of model
assumptions were prevalent. According to the PROBAST assessment, all studies showed a
high risk of bias, particularly in the scope of analysis, and only 40% had good applicability.
Conclusions: All the studies analyzed were found to have a high risk of bias, and only
40% demonstrated good applicability. Hence, it is necessary to develop cancer-specific
prognostic models for renal cancer based on the CHARMS and PROBAST frameworks.

Keywords: kidney cancer; nomogram; risk score; cancer specific survival; mortality

1. Introduction
Renal cancer is the third most common urological tumor [1,2]. It is the sixth most

common cancer in Europe (fifth in men and eleventh in women), where it accounts for 2.7%
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of cancer-related deaths (3.1% in men and 2.2% in women) [3], and one of the ten most
prevalent cancers in the United States [3,4].

Renal cancer prognosis mainly depends on histology and the stage at which it is
detected. Numerous factors have been investigated as possible predictors of the develop-
ment of the disease. Therefore, they have been incorporated into prognostic models so
that patients can be classified by risk in order to provide them with the most appropriate
individualized management [1,5].

Prognostic models, which indicate the probability of an event occurring [6,7], are
designed to support decision-making in the management of a patient with a specific
condition [8]. The literature reveals a growing interest in this topic, with the publication of
numerous prognostic models [7]. However, few of them are currently applied in clinical
practice. The Checklist for Critical Appraisal and Data Extraction for Systematic Reviews
of Prediction Modelling Studies (CHARMS), which provides guidelines for conducting
systematic reviews of predictive models [7,9], was published in 2014 to overcome this lack
of applicability.

In 2019, the Prediction Model Risk of Bias Assessment Tool (PROBAST) statement was
published to evaluate the applicability and risk of bias of predictive models developed
and/or externally validated [10,11]. Systematic reviews of predictive models have been
conducted for other cancers. In the case of bladder cancer [12], the studies included
in the review showed a high risk of bias and failed to demonstrate the applicability of
the models involved. They concluded that the design and result reporting need to be
improved in prognostic studies and that further external validations are required. Similarly,
Lawlor et al. [13] reviewed models for predicting treatment response in patients with
metastatic prostate cancer and concluded that most of the models identified required
further evaluation and validation before they could be implemented in clinical practice.

In the case of kidney cancer, no synthesis of the evidence has been conducted to date,
despite the urgent need to develop prognostic models. In addition, it is necessary to assess
the applicability and risk of bias of the currently available models.

Therefore, the aim of this study is to carry out a systematic review of existing prognos-
tic models for kidney cancer-specific mortality and to evaluate both their applicability and
risk of bias.

2. Materials and Methods
2.1. Protocol

The protocol for this systematic review was registered in the PROSPERO database
(CRD42021243529).

The study was carried out in accordance with the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [14].

We applied the 11 items on the CHARMS [7] in order to collect the most relevant
information and to identify potential methodological errors. We assessed the risk of bias
and the applicability of the models using the PROBAST tool [11].

2.2. Study Design, Search Criteria, and Inclusion and Exclusion Criteria

A systematic review was conducted of all articles that developed a predictive model
for kidney tumor-specific mortality in patients undergoing total or partial nephrectomy.
Articles that reported external validation of the predictive model were included, but not
those that conducted only external validation without prior development of the prognostic
model. Articles in English and Spanish were included.
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Given that the aim was to select models with application to routine clinical practice,
studies that incorporated genetic markers in the model or those involving patients receiving
only systemic treatment were excluded. Cancer mortality models for all outcomes (short-,
medium-, and long-term) were considered.

The literature search was conducted in the Medline (via PubMed), Scopus, and Embase
databases, including all articles published from their inception until 4 May 2025. A search
was also conducted on the medRxiv preprint server. The full search algorithms are included
in Supplementary Material S1.

Additionally, a manual search of the reference lists of the selected articles was per-
formed, complemented by a targeted search on Google Scholar to identify gray literature,
including non-peer-reviewed sources that fulfilled the inclusion criteria established for
the review. Once the articles were selected, the two primary investigators independently
reviewed titles and abstracts to identify those that met the inclusion criteria. In cases of
uncertainty, a third reviewer was consulted to resolve discrepancies. The same indepen-
dent review procedure was applied to the full texts of the articles selected based on their
abstracts.

2.3. Data Extraction

For each of the selected articles, two investigators extracted the data recommended by
the CHARMS [7].

2.4. Risk of Bias and Applicability

The risk of bias and applicability of the study were assessed using the PROBAST
tool [11]. The potential biases were analyzed in the following domains: participants,
predictors, outcome, and analysis. Applicability was assessed in participants, predictors,
and outcomes. For each domain, the interpretation and scoring criteria were applied in
accordance with the guidance provided by Moons [15], which details how to assess each
item and assign scores based on the reported results. A study was considered to have a
high risk of bias or low applicability if at least one domain was rated as high risk or low
applicability. To decide an overall judgment of risk of bias and applicability, the ‘worst score
counts’ approach was employed, whereby the global rating for each article corresponded
to the lowest score assigned across the evaluated domains.

2.5. Statistical Analysis

A descriptive analysis of CHARMS and PROBAST was conducted [7,11], including
the frequencies and percentages of the main characteristics of the models and the results of
the domains.

3. Results
3.1. Results of the Literature Search

Figure 1 shows the flow diagram of the systematic review. A total of 6777 articles were
evaluated (3133 from Embase, 1950 from PubMed, 1692 from Scopus, and 2 from medRxiv),
and 2889 articles were selected for full-text review. Finally, 40 studies were included for
subsequent analysis [2,5,8,16–51].
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Figure 1. PRISMA flowchart for the systematic review of predictive models in cancer-specific
mortality for renal cancer in patients treated with total or partial nephrectomy.

3.2. Characteristics of the Studies According to CHARMS

The CHARMS tables are included in Supplementary Material S2.

3.3. Source of Data and Participants

Almost all the studies applied a retrospective cohort design, except two (5%) that
applied a prospective design [40,43].

Data sources were obtained from hospital records in 60% of the studies [5,8,19,21,
25,26,28,31,32,34–36,38–46,48,51], and 40% utilized data from the SEER (Surveillance, Epi-
demiology, and End Results) database of the United States National Cancer Institute [2,16–
18,20,22–24,27,29,30,33,37,49,50,52].

Notably, 50% of the articles only developed the model without conducting validation.
Of these, 17 studies presented a single predictive model [8,21,25,26,33,34,36,37,41,42,44–
49,51], two studies presented separate models for preoperative and postoperative predic-
tion [31,35], and one study created three models for different histopathological subtypes
(papillary, chromophobe, and clear cell) [32]. The remaining articles presented both model
development and validation [5,16–20,22–24,27,29,30,38–40,43,50,52], except for studies by
Zhou et al. and Guo et al., which included two distinct validation cohorts—one assessing
one-year follow-up and the other three-year follow-up [2,28].

All the studies included patients who had undergone nephrectomy, 22.5% of them
included patients with metastatic disease, and 77.5% involved patients without metasta-
sis [2,17,19,20,25,31,35,42,44]. Among the non-metastatic patients who underwent surgery,
six groups were identified: those including all histological subtypes (the largest group,
48.4%) [8,21,23,28,30,34,37,40,41,43,44,46,47,50,52], those restricted to the papillary subtype
(12.9%) [16,27,38,49], the chromophobe subtype (9.6%) [18,22,29], the clear cell subtype
(19.3%) [5,18,33,39,45,48], the ductal carcinoma (6.4%) [36,51] and patients with grade 4
cancer only (3.2%) [26].

Treatment was included as a candidate predictor in 47.5% of the studies [2,16–18,20,22–
24,26–31,33,35,36,50,52] but not in the remaining 52.5% [5,8,19,21,25,32,34,37–46,48,49,51].
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3.4. Outcome to Be Predicted

The primary outcome in all studies was cancer-specific mortality, with prediction
times ranging from 6 months to 15 years. The most common prediction periods were one
year [5,16,17,20,22,23,25,26,28,30,31,40–45,51], three years [2,5,8,16–18,20–31,33,34,41,42,44,
45,47,49–52], and five years [2,5,8,16–18,21–24,26–33,36–52].

Blinding procedures were not reported in any of the included studies. Mortality data
were primarily obtained from death certificates. In 17.5% of the studies, the data collection
methodology was explicitly described [31,34,36,38,40,43,47], while in the remaining 82.5%,
data were obtained from medical records.

3.5. Candidate Predictors

The candidate predictors varied across the articles, including sociodemographic data
(age, sex, and race), patient-related factors (systemic symptoms), and tumor-related factors
(size, TNM classification, lymphovascular invasion, necrosis, and grade, among the most
common).

Continuous variables were categorized in 77.5% of the studies [2,5,8,21,25–34,36,37,39,
42,44–46,48–50,52], modeled as linear predictors in 20% of the studies [35,36,38,40,43,51],
and unspecified in one study [41].

Information on blinding was available in only two studies: Lyon et al. [31] and
Frank et al. [45] reported that the histopathological analysis was performed under blinded
conditions.

3.6. Sample Size

The sample size across studies ranged from 133 to 42,890 patients. The number of
events was not reported in 50% of the studies [2,5,8,16,17,19–24,26–30,33,34,38,50]. Among
the studies that did report this information, the number of events ranged from 22 to 1373.
The number of events per variable (EPV) ranged from 1.15 to 98 and was unknown in
50% of articles [2,5,8,16,17,19–24,26–30,33,34,38,50]. Among those that did report EPV, 75%
fell below the threshold of 20 [18,31,32,35,36,39,41,42,44,46–49,51,52]; only 25% were above
20 [25,32,37,40,43,45].

3.7. Missing Data

The procedure for handling missing data was not reported in 27.5% of studies [19,
31,32,35,36,41,44,46–48]. The majority, 70%, performed a complete case analysis [2,5,8,16–
18,20–30,33,37–40,43,45,49–52], and only one article imputed missing values [34].

3.8. Model Development

The most commonly used statistical model was Cox regression, applied in 85% of
the studies [2,5,8,16,17,19–21,23,24,26–34,36,38–48,50–52]. Among the remaining studies,
four (10%) applied a competing risk model [22,25,37,49], one study (Zheng et al.) used a
shrinkage model [18], and another (Margulis et al.) used logistic regression [35].

The proportional hazard assumption was only tested in three studies [36,40,43].
In most cases (82.5%), the selection of predictors for multivariate analysis was based

on previous univariate analysis [2,5,8,16,17,20–34,39,40,42–52]; least absolute shrinkage
was used in two studies (5%) [18,19]; full model approach was also applied in two studies
(5%) [36,38]; and stepwise variable selection was adopted in one study (Margulis et al.) [35].

Multivariate analysis most commonly relied on the full model approach [2,5,8,16–
30,32–35,37,39,40,42,43,46–48,50–52]. Seven studies used the backward stepwise methodol-
ogy [31,32,36,38,44,45,49]. In their 2018 study, Leibovich et al. [32] developed three models:
backward selection was used for the clear cell model, the full model was used for the
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papillary subtype, and no explicit selection method was reported for the chromophobe
model. Hsiao et al. used both the full model and the stepdown method [34]. Only Zheng
et al. [18] and Laukhtina et al. [19] performed the shrinkage method.

3.9. Model Performance

Discrimination was mostly performed using the c-index [2,5,8,16–34,36,38–41,43,45,48,
50–52] and area under the curve [2,5,8,16–24,27–29,33,49,50,52]. Regarding calibration, the
most commonly used techniques were curves (42.5%) [5,8,16,18,21–25,27–29,33,35,48,50,52]
followed by plots (32.4%) [2,17,19,26,30,31,34,38,40,41,43,49,51]. Kutikov et al. used quintile
calibration [37].

Classification measures were not reported in most studies (57.5%). Among those that
did include such metrics, decision curve analysis was the most commonly used (42.5%) [2,5,
8,16,17,19–24,29–31,35,50,52]. Huang et al. [17] used net reclassification improvement and
integrated discrimination improvement, in addition to decision curve analysis. In their
2020 study, Zhou et al. [28] used sensitivity and specificity.

3.10. Model Evaluation

Bootstrapping was the most commonly used internal validation method, applied in
60% of the studies [8,16,19–21,23–26,28,30–34,36,38,40,41,43,45,49,51,52]. Sixteen studies
did not use this method, but 56.25% of these included a validation cohort [2,5,17,18,22,27,
29,39,50].

3.11. Results

Most of the studies presented a nomogram (62.5%) [5,8,16,18–22,26,27,29,30,33–35,37,
38,40,41,43,48–52], while nine (22.5%) used a risk score [31,32,36,39,42,44–47]. Six articles
(15%) presented both a nomogram and a risk score [2,17,23–25,28]. No studies presented
baseline survival.

All the articles that included a development group and one or more validation groups
made comparisons between them.

3.12. Interpretation and Discussion

Most of the studies presented exploratory results (87.5%) [2,5,8,16–19,21–28,31–39,41,
42,44–52]; only five presented confirmatory results [20,29,30,40,43]. All studies compared
their models with others. Likewise, all discussed strengths and limitations, with the
exception of Leibovich et al. in their 2003 study [44].

Virtually all articles highlighted the need for additional external validations, with the
exceptions of Lu et al. [20], Chen et al. [29], Zhou et al. [30], and Leibovich et al. [44].

3.13. PROBAST Analysis

The results of the PROBAST analysis are included in Supplementary Material S3.
The risk of bias and concerns regarding the applicability of the assessed studies using

PROBAST are summarized in Table 1.
In the participant domain, 60% of the studies were rated as having a high risk of bias

or nonapplicability. In the analysis domain, all studies were assessed to have a high risk of
bias [2,5,8,16–51]. Common reasons for high risk of bias in this domain were small sample
sizes, categorization of continuous variables, inadequate handling of missing data, and the
calibration of the models.

As a result, in the overall section of bias assessment, all studies [2,5,8,16–51] were
classified as high risk of bias. In terms of applicability, only 40% of the studies demonstrated
good applicability [16,18,22–25,28,34,35,41,45,47,48,50,52].



J. Clin. Med. 2025, 14, 5851 7 of 12

Table 1. Risk of bias and concern regarding the applicability of the included studies (PROBAST). Abbreviations: PROBAST, Prediction Model Risk of Bias Assessment
Tool; ROB, risk of bias. +: low ROB/low concern regarding applicability; -, high ROB/high concern regarding applicability.
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Chen et al., 2025 + + + - + + + - + Zhou et al., 2018 - + + - - + + - -

Ni et al., 2024 - + + - - + + - - Leibovich et al., 2018 - + + - - + + - -

Guo et al., 2024 - + + - - + + - - Zhang et al., 2018 - + + - - + + - -

Zhanghuang et al., 2022 + + + - + + + - + Hsiao et al., 2015 + + + - + + + - +

Tang et al., 2022 + + + - + + + - + May et al., 2013 - + + - - + + - -

Wang et al., 2022 + + + - + + + - + Kutikov et al. 2012 - + + - - + + - -

Ni et al., 2022 - + + - - + + - - Klatte et al., 2010 - + + - - + + - -

Lu et al., 2022 - + + - - + + - - Iimura et al., 2008 - + + - - + + - -

Laukhtina et al., 2021 - + + - - + + - - Karakiewicz et al., 2008 - + + - - + + - -

Zheng et al., 2022 + + + - + + + - + Kanao et al., 2008 + + + - + + + - +

Huang et al., 2022 + + + - - + + - - Karakiewicz et al., 2007 - + + - - + + - -

Zhanghuang et al., 2022 + + + - + + + - + Frank et al., 2002 + + + - + + + - +

Guo et al., 2021 + + + - + + + - + Velis et al., 2017 - + + - - + + - -

Tian et al., 2021 + - + - + + + - + Peng et al., 2016 + + + - + + + - +

Xiao et al., 2021 - - + - - + + - - Peng et al., 2018 + + + - + + + - +

Su et al., 2021 - + + - - + + - - Wu et al., 2020 - + + - + + + - +

Zhu et al., 2020 - + + - - + + - - Lyon et al., 2020 - + + - - + + - -

Yan et al., 2020 - + + - - + + - - Margulis et al., 2012 ? + + - + + + - +

Zhou et al., 2020 + + + - + + + - + Cho et al., 2008 - + + - - + + - -

Chen et al., 2020 - + + - - + + - - Leibovich et al., 2003 - + + - - + + - -
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4. Discussion
This study provides a summary of all currently available prognostic models for cancer-

specific mortality in renal cancer. It presents highly relevant information for application in
clinical practice and for the development of clinical management guidelines. After applying
PROBAST criteria, we observed that 100% of the studies had a high risk of bias, and only 40%
presented adequate applicability in clinical practice [16,18,22–25,28,34,35,41,45,47,48,50,52].

To our knowledge, this is the first systematic review focused on the prognosis of
renal cancer. Thus, we cannot compare our results with previous reviews. However,
similar reviews have been conducted in other fields, such as that by Sarrio et al. [12] in
bladder cancer; Beneyto et al. [6] in sepsis, Lawlor et al. in metastatic prostate cancer [13];
and Palazon et al. [10] and Russo et al. [53] in oropharyngeal cancer, among others. The
methodology used in those reviews was like ours, as were the results. Three systematic
reviews revealed a high risk of bias of 100% in the included studies [6,10,12], whereas this
was 92.8% in Lawlor et al. [13] but only 33.3% in Russo et al. [53]. The applicability was
more variable, with higher values in the case of Palazón et al. [10], Sarrio et al. [12], and
Lawlor et al. [13], with rates of 83.3%, 64.2%, and 71.4%, respectively, whereas this was
42.8% in Beneyto et al. [6] (a value very similar to our value of 40%) and much lower in the
case of Russo et al. [53], with only 16.6%.

External validation was performed in 50% of the studies [2,5,16–20,22–24,27–30,38–
40,43,50,52], slightly less than in the reviews by Beneyto et al. [6] (64.28%), Palazon et al. [10]
(66.6%), and Russo et al. [53] (66.6%), and slightly higher than in Sarrio et al. [12] (26%).
This external validation is very important for assessing clinical applicability in specific
healthcare areas.

Only two of the studies included in our review (5%) applied a prospective de-
sign [40,43], and none of the studies analyzed in the review by Russo et al. [53] adopted
a prospective approach [53]. Although other systematic reviews have reported higher
proportions of prospective studies, none have exceeded 50%[6,10,12]. This highlights the
ongoing reliance on retrospective data and underscores the importance of promoting the
design and implementation of high-quality prospective research in this field.

The EPV was above 20 in only 12.5% of the included studies, a proportion comparable
to those reported by Palazon et al. [10] and Sarrio et al. [12] (16.6% and 21.4%, respectively).
None of the studies in our review applied the shrinkage method to adjust regression
coefficients (nor did those included in other systematic reviews, such as Russo et al.)[53].

The handling of missing data was inadequate in most reviews, including ours, either
due to the performance of complete case analyses or because, in most cases, the issue
was not mentioned. Only 2.5% of the studies applied appropriate imputation methods
consistent with PROBAST recommendations, a finding in line with previously reported
rates ranging from 0% to 16% [34].

Regarding the presentation of prediction tools, 62.5% of the studies included a nomo-
gram, 22.5% reported a risk score, and 15% provided both. These approaches are consistent
with those commonly used in the literature, along with mathematical formulas and point-
based scoring systems (see the reviews by Beneyto et al. [6] and Palazon et al. [10]).

Overall, our results align with those of previous reviews of prognostic models that
show a lack of compliance with CHARMS and PROBAST recommendations. This highlights
the need to develop new prognostic models that are both methodologically rigorous and
externally validated, thereby enhancing their clinical utility. Given the consistently high
risk of bias observed across all models included in this review, none can be recommended
for clinical application at present.

The development of prognostic models that conform to CHARMS and PROBAST
guidelines—and undergo external validation—would provide clinicians with reliable tools
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to estimate cancer-specific mortality in patients with renal cancer after nephrectomy, allow-
ing more informed decisions to be made during follow-up.

The main strength of this systematic review lies in its methodology. All the studies
in the selection process were independently reviewed by three researchers, who also
independently collected the different information from each individual study. Furthermore,
we evaluated the probability of bias and applicability using two published and validated
tools: CHARMS and PROBAST [7,11].

This review is not without limitations. We may have missed some relevant studies
from other databases, which could be considered in future studies by adapting the search
algorithm to cover all relevant sources. Language barriers could also be a limitation, as
articles in languages unfamiliar to the primary researchers but relevant to the review may
not have been considered. However, given that most scientific publications are currently in
English, this limitation is probably small.

5. Conclusions
This systematic review analyzed a total of 40 prognostic models for renal cancer-

specific mortality based on the CHARMS and PROBAST criteria. All the studies analyzed
were found to be at high risk of bias, and only 40% demonstrated good applicability.
Consequently, none were considered suitable for routine clinical practice.

The least frequently met criteria were participants and analysis. Further development
of renal cancer-specific prognostic models based on the CHARMS and PROBAST frame-
works is needed. In addition, incorporating prospective models and performing external
validations would improve their suitability for clinical application.
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