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Abstract

Background: Renal tumors in young adults are uncommon and less 
well characterized compared to those in older populations. This sys-
tematic review aimed to determine the epidemiology, clinicopatho-
logical features, and outcomes of renal tumors in individuals aged 
18–45 years.

Methods: Original peer-reviewed cohort studies, randomized con-
trolled trials, and systematic reviews published between 2000 and 
2024 were included. Databases searched included PubMed, Scopus, 
and Web of Science, with the last search conducted in February 2025. 
Risk of bias was assessed using the Newcastle-Ottawa Scale. A to-
tal of 19 studies met the inclusion criteria. Meta-analyses were per-
formed using R (v4.3.1) with a random-effects model.

Results: The pooled proportion of incidental tumor diagnoses was 
41% (95% confidence interval (CI): 12–77%), while symptomatic tu-
mors accounted for 42% (95% CI: 23–64%). Clear cell renal cell car-
cinoma (RCC) was the most prevalent histologic subtype (54%), fol-
lowed by papillary (12%) and chromophobe (7%). The pooled mean 
tumor size was 6.84 cm. Recurrence and mortality rates were 4% and 
8%, respectively. Most studies reported 5-year cancer-specific surviv-
al exceeding 90% for localized RCC. Nephron-sparing surgery was 
performed in more than half of the patients, supporting its safety and 
effectiveness in early-stage disease.

Conclusions: Heterogeneity in outcome reporting, small sample sizes 
in rare subtypes, and possible publication bias were noted. The review 
supports the importance of early detection, individualized manage-

ment, and molecular profiling in aggressive subtypes such as Xp11.2 
translocation RCC.
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Introduction

Late adolescents and young adults represent a special subset 
of the population when it comes to urological malignancies 
such as renal tumors [1]. Renal cell carcinoma (RCC) is pre-
dominantly diagnosed among older adults, with a median age 
of 64 years, and individuals younger than 40 years account 
for up to 7% of renal tumors [2]. Renal tumors in young 
adults, however, often present with distinct clinicopathologi-
cal features, including a higher prevalence of hereditary syn-
dromes and generally better prognosis compared with older 
adults [1, 2].

Recent studies highlight that early detection and tailored 
management strategies are essential in this population [1, 2]. 
The incidence of RCC among young patients has been increas-
ing, likely driven by the widespread use of imaging modalities 
such as ultrasound, computed tomography (CT), and magnetic 
resonance imaging (MRI) [2]. Despite this trend, the clini-
cal profile of renal tumors in young adults remains underex-
plored, with many cases diagnosed incidentally during routine 
health evaluations or workups for unrelated conditions [1]. 
Unlike other urologic diseases, there are currently no estab-
lished guidelines for screening this population, partly due to 
cost considerations, limited causal evidence, and insufficient 
understanding of associated risk factors [1, 2].

This systematic review aims to provide a comprehensive 
overview of the epidemiology, clinicopathologic features, and 
clinical outcomes of renal tumors in young adults. By synthe-
sizing two decades of available literature, this review seeks 
to identify patterns that may guide improved diagnostic and 
therapeutic approaches for this unique patient population. The 
general objective of the study was to determine the overall be-
havior of renal tumors among young adults. The specific ob-
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jectives were to identify the epidemiology, clinicopathologic 
features, and clinical outcomes/prognosis.

Materials and Methods

The study was a systematic review. Ethical approval was not 
required because all analyses were based on published studies 
and did not involve new data collection from human partici-
pants. Studies eligible for inclusion must meet the following 
criteria: 1) original research articles (cohort studies (retrospec-
tive/prospective), randomized controlled trials (RCTs), and 
systematic reviews) published in peer-reviewed journals with-
in 24 years (2000–2024); 2) studies investigating epidemiolo-
gy, clinicopathologic features, clinical outcome, and prognosis 
of renal tumors/masses in young adults (18–45 years old); and 
3) availability of sufficient data for systematic review/meta-
analysis. Studies on patients < 18 or > 45 years old, case re-
ports, conference abstracts, and those without relevance to the 
study outcomes were excluded.

Information sources

The following electronic databases were searched for all avail-
able years: PubMed, Scopus, Web of Science.

Search strategy

A comprehensive literature search was conducted in PubMed, 
Scopus, and Web of Science for studies published between 2000 
and 2024. Search terms combined controlled vocabulary and 
free-text keywords related to renal tumors (e.g., renal mass, re-
nal tumor, renal cancer, renal carcinoma) and young adults (e.g., 
young adult, early onset). The final search was performed in Feb-
ruary 2025. Full database-specific search strategies and results 
are provided in Supplementary Material 1 (wjnu.elmerpub.com).

Selection process

The principal investigator reviewed all potential studies for 
inclusion against the eligibility criteria. The investigator ex-
amined the title, abstract, and, where necessary, the full text of 
studies to assess if they are eligible for inclusion.

Data collection process

Three reviewers used a standard form (101HR_Form 5) to 
independently extract study characteristics and outcome data 
from the studies. Discrepancies were checked against the 
original article. Disagreements in values were settled through 
adjudication of authors.

During the initial screening phase, automation tools were 
used to facilitate record management and exclusion. Database-
embedded duplicate detection functions within PubMed, Sco-

pus, and Web of Science, as well as citation-manager–based 
duplicate removal, were applied to exclude duplicate records. 
Records were automatically excluded for the following rea-
sons: duplicate citations, non-renal malignancies, non-human 
studies, non-English language publications, pediatric-only 
populations, and publication types such as conference ab-
stracts, editorials, or commentaries. The remaining 595 re-
cords underwent manual title and abstract screening by two 
independent reviewers. Studies were excluded at this stage 
if they did not meet predefined age-related inclusion criteria, 
lacked extractable subgroup data for young adults, or did not 
report relevant clinical or outcome data.

Data items

All reported outcome measures were extracted from the stud-
ies. Primary outcomes included cancer-specific survival 
(CSS), overall survival (OS), and tumor recurrence. Second-
ary outcomes, such as renal function preservation, treatment 
modality effectiveness, and additional clinical and pathologi-
cal parameters, were also recorded. When multiple measures 
(e.g., various time points) were provided by a study, the most 
comprehensive and primary result was prioritized.

In addition to outcomes, data on study characteristics were 
extracted, including setting, design, inclusion and exclusion 
criteria, and participant demographics (e.g., age and sex). Ad-
ditional clinical parameters, such as tumor size, histopatholog-
ic findings, and treatment details, were recorded to facilitate 
subgroup analyses and contextual interpretation. For variables 
with missing or ambiguous information, assumptions were 
made based on the study’s inclusion criteria or were clarified 
through further review of the study methods.

Study risk of bias assessment

The risk of bias in the included studies was assessed using 
the Newcastle-Ottawa Scale (NOS) (Table 1), a validated tool 
for evaluating the quality of non-randomized studies in me-
ta-analyses [1, 3–17]. The NOS assesses studies across three 
domains: selection, comparability, and outcome. Based on the 
total NOS score, studies were categorized as having low (7–9 
stars), moderate (4–6 stars), or serious (0–3 stars) risk of bias.

Three reviewers independently evaluated each study, and 
any disagreements in scoring were resolved through discus-
sion and consensus. No automation tools were used in the as-
sessment process. No adaptations were made to the NOS, and 
no new tools were developed for this review.

Effect measures

For the synthesis and presentation of outcomes across the in-
cluded studies, various effect measures were employed, de-
pending on the type of outcome.

For binary outcomes (e.g., survival status, presence of 
metastasis, recurrence), the effect measures included: 1) CSS 
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and OS rates, often expressed as percentages at 1-, 5-, and 10-
year intervals; and 2) hazard ratios (HRs) with 95% confidence 
intervals (CIs) used in studies [1, 3–6] to identify prognostic 
factors for survival outcomes.

For time-to-event outcomes, studies employed: progres-
sion-free survival (PFS) and recurrence-free survival (RFS), 
expressed as Kaplan–Meier survival curves, survival percent-
ages at defined time points, or HRs [1, 6].

For continuous outcomes (e.g., tumor size, serum creatinine 
levels), the studies presented: mean ± standard deviation (SD) 
or median with interquartile range (IQR) values. These were 
primarily used for tumor dimension comparisons, renal function 
before and after surgery, and duration of follow-up [7, 8].

No re-expression of effect measures (e.g., converting 
HRs to absolute risk reductions) was applied in this review. 
Similarly, no thresholds for clinically meaningful effects (e.g., 
minimally important differences) were explicitly defined by 
the included studies or by this review. Thus, interpretation of 
effect sizes was contextual and based on clinical relevance as 
reported by individual studies.

Justification for these effect measures aligns with stand-
ard practice in clinical prognosis and surgical outcome studies 
which allows for consistent comparisons across observational 
cohorts.

Synthesis method

Eligible studies were confirmed through title/abstract and full-
text screening against predefined criteria and then summarized 

in Supplementary Materials 2 and 3 (wjnu.elmerpub.com) cap-
turing study design, participant characteristics, treatment ap-
proach, and outcomes of interest.

For outcomes with sufficient and comparable data, we per-
formed random-effects meta-analyses in R version 4.3.1: the in-
verse-variance (IV) method for continuous outcomes and a gen-
eralized linear mixed model (GLMM) for pooled proportions.

A qualitative synthesis was performed for all included 
studies. For outcomes with sufficient data, meta-analyses were 
conducted using R version 4.3.1. Two separate random-effects 
models were employed: 1) for continuous outcomes, the IV 
method with a random-effects model was used; 2) for binary 
outcomes, a GLMM approach was applied.

The restricted maximum likelihood (REML) estimator 
was used to calculate between-study variance (τ2), and Har-
tung-Knapp CIs were applied for pooled estimates.

Statistical heterogeneity was evaluated using the I2 sta-
tistic, tau-squared (τ2), and the Chi-squared (Q) test. Visual 
inspection of forest plots further supported the assessment of 
heterogeneity across studies.

Reporting biases assessment

To assess the risk of bias due to missing results in the synthe-
sis (i.e., reporting bias), funnel plots were generated using R 
version 4.3.1 for outcomes that included 10 or more studies, 
specifically for clear cell histology, papillary histology, chro-
mophobe histology, and overall mortality.

The funnel plots compared the standard error against the 

Table 1.  Risk of Bias Assessment of Included Studies Using the Newcastle–Ottawa Scale (NOS)

Study Selection Comparability Outcome Overall NOS
Abou El Fettouh et al, 2002 [7] ★★☆☆ ☆☆ ★★☆ 4
Akhavan et al, 2015 [3] ★★★★ ★★ ★★★ 9
Aslan et al, 2018 [9] ★★☆☆ ☆☆ ★★★ 5
Aziz et al, 2014 [13] ★★★★ ★★ ★★★ 9
Cakici et al, 2020 [8] ★★★★ ★★ ★★★ 9
Clemmensen et al, 2018 [17] ★★☆☆ ★☆ ★★★ 6
Eggener et al, 2004 [10] ★★☆☆ ☆☆ ★★☆ 4
King et al, 2014 [15] ★★★★ ★☆ ★★★ 8
Lopez et al, 2010 [12] ★★☆☆ ☆☆ ★★☆ 4
Mohsin et al, 2012 [11] ★★☆☆ ☆☆ ★★☆ 4
Nayyar et al, 2022 [1] ★★★☆ ★★ ★★★ 8
Palumbo et al, 2020 [16] ★★★★ ★★ ★★★ 9
Siemer et al, 2006 [4] ★★★☆ ★☆ ★★★ 7
Taccoen et al, 2007 [5] ★★★☆ ★☆ ★★☆ 6
Xu et al, 2015 [14] ★★★☆ ★☆ ★★★ 7
Xue et al, 2024 [6] ★★★★ ★★ ★★★ 9

The figure presents domain-specific star ratings for selection (max 4), comparability (max 2), and outcome (max 3) across 16 studies on renal tumors 
in young adults. Overall scores range from 0 to 9, with risk of bias categorized as low (7–9 stars), moderate (4–6 stars), or serious (0–3 stars). Higher 
scores indicate lower risk of bias.
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logit-transformed proportions. Asymmetry in the funnel plots 
was visually evaluated to detect potential small-study effects 
or publication bias.

Certainty assessment

We assessed the certainty of evidence using the Grading of 
Recommendations Assessment, Development and Evaluation 
(GRADE) framework, following the GRADE Handbook guid-
ance [18]. Since all included primary studies were non-rand-
omized observational cohorts, certainty for every quantitative 
outcome began at low certainty.

Two reviewers, working independently, judged the five 
GRADE domains: risk-of-bias, inconsistency, indirectness, im-
precision, and publication bias for each outcome. Disagreements 
were resolved by discussion or, if needed, adjudication by a third 
reviewer. Risk-of-bias was derived from the NOS scores of the 
contributing studies and downgraded one level when ≥ 50% of 
participants came from studies at high or unclear risk.

Inconsistency was evaluated with the I2 statistic and in-
spection of forest plots; I2 > 50% without an obvious clinical 
explanation triggered a one-level downgrade, while I2 > 75% 
prompted a two-level downgrade. Indirectness considered 
whether the population (18–45 years), exposure (sporadic or 
hereditary renal tumors), and outcome definitions matched our 
review question; no downgrades were necessary. Imprecision 
was judged against a minimally important difference of 10 per-
centage points for risk outcomes and 2 cm for mean tumor 
size. We downgraded when 95% CIs crossed this threshold or 
when total events were < 300. We prespecified that observa-
tional evidence could be upgraded for a large effect (relative 
risk (RR) ≤ 0.5 or ≥ 2.0) observed across multiple studies or 
for an exposure–response gradient; neither criterion was met, 
so no upgrades were applied.

For each critical outcome (incidence trend, histologic dis-
tribution, tumor size, presentation mode, recurrence, OS, and 
CSS), we produced a GRADE evidence profile and a “summa-
ry of findings” table. Certainty was categorized as high, mod-
erate, low, or very low and interpreted according to GRADE 
guidance.

Reporting guidelines

This systematic review was conducted and reported in accord-
ance with the PRISMA 2020 statement [19].

Results

The systematic search across three databases, PubMed (n = 
618), Scopus (n = 991), and Web of Science (n = 3,867), yielded 
a total of 5,476 records. After removing 671 duplicates, 4,138 
records were excluded by automation tools, and 595 were re-
moved for other reasons, leaving 72 records for screening.

Out of these, four full-text reports were sought for re-
trieval, and all were successfully retrieved. Following full-text 

assessment of 22 reports, three were excluded due to lack of 
subgroup analysis specific to individuals aged 18–45 years.

Ultimately, 19 studies were included in the review. The 
complete selection process is summarized in Figure 1. No on-
going studies or associated reports were identified during the 
review process.

Study characteristics are shown in Supplementary Materi-
als 2 and 3 (wjnu.elmerpub.com).

Risk of bias in studies

The included studies were assessed for risk of bias using the 
NOS, which evaluates three domains: selection, comparabil-
ity, and outcome. The total NOS score determines whether a 
study is categorized as having a low (7–9 stars), moderate (4–6 
stars), or serious (0–3 stars) risk of bias. NOS scores of indi-
vidual primary studies are presented in Table 1.

Selection bias

The selection domain evaluates the representativeness of the 
exposed cohort, selection of the non-exposed cohort, ascer-
tainment of exposure, and demonstration that the outcome was 
not present at the start of the study.

Representativeness of the exposed cohort

Most studies [1, 3, 8] had somewhat representative exposed co-
horts, while others [9, 10] were either selective (e.g., targeting 
specific professions like nurses) or provided no description.

A lack of representativeness can introduce selection bias, 
limiting the generalizability of findings.

Selection of the non-exposed cohort

Several studies [7, 11, 12] did not provide details about their 
control groups, while others [3] ensured that controls were 
drawn from the same population.

A failure to select an appropriate control group increases 
the likelihood of selection bias.

Ascertainment of exposure

Many studies [1, 13, 14] relied on secure records (e.g., medical 
or surgical records), reducing bias.

Others [10, 12] used self-reports, which introduce recall 
bias and reduce reliability.

Demonstration that the outcome was not present at the start 
of the study

Nearly all studies met this criterion, ensuring that outcomes 
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developed during the study period rather than pre-existing.

Comparability bias

Comparability assesses whether studies controlled for con-
founding variables.

Control for confounders

While some studies [1, 3] controlled for at least one confound-
ing variable, others [9, 12] did not account for any, increasing 
the risk of confounding bias.

Few studies adjusted for additional confounders, which 
may lead to residual confounding effects.

Outcome bias

The outcome domain examines assessment methods, follow-
up duration, and completeness of follow-up.

Assessment of outcome

Many studies [1, 6, 15] used independent blind assessment or 
record linkage, reducing bias.

Figure 1. PRISMA 2020 flow diagram of study selection. Flow diagram showing identification, screening, eligibility assessment, 
and inclusion of studies evaluating renal tumors in young adults (18–45 years).
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Some studies [10, 11] relied on self-reports, which intro-
duce information bias.

Follow-up duration

Most studies had adequate follow-up durations, ensuring that 
outcomes had sufficient time to develop.

Loss to follow-up

Some studies [5, 12] had incomplete follow-up data or lacked 
clear reporting on lost participants, increasing attrition bias.

Overall quality assessment

Overall quality assessment was conducted based on the NOS 
scores. Four studies [1, 3, 6, 8] were rated as having low risk 
of bias (7–9 stars), three studies [9, 11, 12] as having moderate 
risk of bias (4–6 stars), and none of the included studies were 
categorized as having serious risk of bias (0–3 stars).

The majority of included studies were rated low to moder-
ate risk of bias, with strong methodological rigor in exposure 
assessment and outcome evaluation. However, selection bias 
and inadequate confounder control were the most common 

sources of bias, particularly in studies that lacked well-defined 
control groups or used self-reported data.

To provide additional context, we discussed in greater de-
tail the studies with the largest sample sizes and most complete 
outcome reporting, while all included studies contributed pro-
portionally to the pooled estimates.

Results of individual studies are shown in Supplementary 
Materials 2 and 3 (wjnu.elmerpub.com).

Results of syntheses

The pooled proportion of incidental tumor diagnoses was 41% 
(95% CI: 12–77%) (Fig. 2). The high heterogeneity (I2 = 95%) 
may reflect differences in imaging utilization, healthcare ac-
cess, and referral thresholds across settings.

The pooled proportion of symptomatic tumor diagnoses 
was 42% (95% CI: 23–64%) (Fig. 3). These cases were typi-
cally detected due to hematuria, flank pain, or other symptoms, 
and the heterogeneity (I2 = 89%) likely reflects variation in 
symptom definitions and diagnostic pathways.

The pooled mean tumor size was 6.84 cm (95% CI: 3.21–
10.47 cm) (Fig. 4). Substantial heterogeneity (I2 = 90%) sug-
gests variability in case mix and timing of detection across 
cohorts.

Clear cell RCC was the most prevalent subtype, account-
ing for 54% of cases (95% CI: 40–67%) (Fig. 5). Heterogene-

Figure 2. Forest plot of pooled proportion of incidental tumor diagnosis. Random-effects generalized linear mixed model (GLMM) 
estimating the pooled proportion of tumors detected incidentally. Proportions are presented with 95% confidence intervals.

Figure 3. Forest plot of pooled proportion of symptomatic tumor diagnosis. Random-effects GLMM estimating pooled sympto-
matic presentation rates with 95% confidence intervals.
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ity was high (I2 = 97%), consistent with differences in popula-
tion characteristics and histologic reporting across studies.

Papillary histology accounted for 12% of cases (95% CI: 
9–16%) (Fig. 6). Heterogeneity was moderate to high (I2 = 
83%), likely reflecting differences in cohort composition and 
histologic classification across studies.

Chromophobe histology accounted for 7% of cases (95% 
CI: 5–10%) (Fig. 7). Heterogeneity was moderate (I2 = 62%), 
suggesting less between-study variability than other pooled 
histology outcomes.

The pooled recurrence rate was 4% (95% CI: 1–20%) 
(Fig. 8). Heterogeneity was high (I2 = 83%), likely related to 
differences in follow-up duration and recurrence definitions 
across cohorts.

The pooled overall mortality was 8% (95% CI: 4–15%) 
(Fig. 9). High heterogeneity (I2 = 87%) suggests variability 
in baseline risk, stage distribution, and duration of follow-up.

Reporting biases (due to missing results)

To assess the risk of bias due to missing results (i.e., reporting 

biases), funnel plots were generated for syntheses with at least 
10 included studies. These plots were used to visually evaluate 
small-study effects, one potential indicator of publication or 
selective reporting bias.

Funnel plots were generated for the following outcomes: 
clear cell histology (Fig. 10), papillary histology (Fig. 11), chro-
mophobe histology (Fig. 12), and overall mortality (Fig. 13).

The plots compared standard error (as a measure of preci-
sion) against the logit-transformed proportions (as effect esti-
mates). In each funnel plot, the y-axis represents the standard 
error (precision) and the x-axis represents the logit-transformed 
pooled proportion for the specified outcome (e.g., clear cell, 
papillary, chromophobe histology, or overall mortality).

Funnel plot inspection for clear cell histology suggested 
some asymmetry, which may reflect small-study effects and/or 
reporting bias (Fig. 10).

The funnel plot for papillary histology showed mild asym-
metry among smaller studies (Fig. 11).

The funnel plot for chromophobe histology appeared 
largely symmetrical, suggesting minimal evidence of publica-
tion bias (Fig. 12).

The funnel plot for overall mortality was generally sym-

Figure 4. Forest plot of pooled mean tumor size (cm). Random-effects inverse-variance model showing pooled mean tumor size 
with 95% confidence intervals. Heterogeneity assessed using I2 and τ2 statistics.

Figure 5. Forest plot of pooled proportion of clear cell histology. Random-effects GLMM estimating prevalence of clear cell renal 
cell carcinoma among young adults.
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metrical, with slight dispersion among smaller studies (Fig. 13).

Certainty of evidence

Using the GRADE approach, we judged each outcome sep-
arately and then summarized the review’s certainty by the 
lowest-rated critical outcome. All evidence derives from retro-
spective cohort studies, so every outcome began at LOW cer-
tainty and was routinely downgraded for serious risk-of-bias 
(incomplete adjustment for confounding) and very serious in-

consistency (I2 often > 75%); several outcomes were further 
downgraded for imprecision caused by wide confidence inter-
vals.

As a result, incidence trends and histology mix were rated 
low certainty, whereas the key clinical endpoints: CSS, re-
currence, tumor size, mode of presentation, and stage/grade 
distribution fell to very low certainty. Accordingly, the overall 
strength of the evidence supporting conclusions about the be-
havior of renal tumors in young adults is very low, meaning 
that our confidence in the effect estimates is limited and the 
true effects are likely to differ substantially.

Figure 6. Forest plot of pooled proportion of papillary histology. Random-effects GLMM estimating prevalence of papillary renal 
cell carcinoma.

Figure 7. Forest plot of pooled proportion of chromophobe histology. Random-effects GLMM estimating prevalence of chromo-
phobe renal cell carcinoma.
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Discussion

Key findings

Previous narrative and systematic reviews have described the 

epidemiology, clinicopathologic features, and management 
considerations of RCC in pediatric and young adult popula-
tions, including the role of nephron-sparing surgery and long-
term surveillance strategies [2, 20, 21].

Our review consolidates evidence from 17 single-center 
cohorts and two US population datasets to characterize renal 

Figure 8. Forest plot of pooled proportion of tumor recurrence. Random-effects GLMM estimating pooled recurrence rate follow-
ing treatment.

Figure 9. Forest plot of pooled proportion of overall mortality. Random-effects GLMM estimating pooled mortality rate among 
included cohorts.

Figure 10. Funnel plot assessing publication bias for clear cell histology. Funnel plot of standard error versus logit-transformed 
proportion. Symmetry assessed visually.
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tumors in young adults. Across all studies, a pronounced male 
excess is evident (male/female ≈ 1.7:1 [7] and 1.6:1 [13]), 
mirroring the sex ratio reported in national cancer statistics. 
Roughly 41% of cancers were discovered incidentally, usually 
on ultrasound or CT performed for unrelated complaints, while 
42% presented with hematuria, flank pain or a palpable mass. 

The extremes of individual series (8% incidental [11] vs. 81% 
[9]) illustrate wide practice-pattern heterogeneity. Incidentally 
detected tumors were smaller and predominantly stage T1, 
whereas symptom-driven cases were often larger, higher stage 
and linked to poorer survival, as reported by Mohsin et al [11] 
and Siemer et al [4].

Figure 12. Funnel plot assessing publication bias for chromophobe histology. Visual assessment of small-study effects.

Figure 13. Funnel plot assessing publication bias for overall mortality. Standard error plotted against logit-transformed pooled 
proportions.

Figure 11. Funnel plot assessing publication bias for papillary histology. Standard error plotted against logit-transformed pooled 
proportions.
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Clear-cell RCC dominated, accounting for about 54% of le-
sions (e.g., 55% [16] and 51% [12]). Papillary (about 12%) and 
chromophobe (about 7%) subtypes together comprised about 
one-third of cases. Several cohorts highlighted aggressive but 
uncommon entities: Xp11.2 translocation RCC occurred in up 
to 19% of tumors in the Chinese series of Xu et al [14] and car-
ried a four-fold higher cancer-specific mortality. Likewise, sar-
comatoid features present in 4–6% of young adult tumors were 
consistently linked to early recurrence and death [4, 8].

Survival in this age group is generally favorable. Five-year 
CSS exceeded 90% in Taccoen et al [5] (young cohort) and 92% 
in Aziz et al [13], while large US registry data showed a 5-year 
CSS of 89.9%. Nevertheless, pooled recurrence was about 4%, 
and stage IV or nodal disease, present in 5–9% of cases [1, 6], 
portended markedly worse outcomes. Classic prognosticators 
(stage ≥ T3, node-positive status, Fuhrman/ISUP grade 3-4) re-
tained their predictive power even after age adjustment in multi-
variable models from Siemer et al [4] and Xu et al [14].

Surgery remains the mainstay of cure. The apparent sur-
vival advantage associated with partial nephrectomy likely 
reflects selection bias, as patients selected for nephron-spar-
ing surgery more often have smaller, organ-confined tumors 
and more favorable baseline characteristics. Partial nephrec-
tomy was performed in 45–52% of young adults in Clem-
mensen et al [17] and Cakici et al [8], delivering oncologic 
outcomes comparable to radical nephrectomy while better 
preserving renal function. Radical nephrectomy was reserved 
for larger (≥ T2) or centrally located tumors, yet even in these 
settings oncologic control was excellent when margins were 
negative. Evidence for systemic therapy is scant: targeted 
agents and immune checkpoint inhibitors were seldom used 
in the included cohorts, and observational reports [1, 3] sug-
gest limited activity in non-clear-cell variants.

Limitations of the evidence base

Despite the comprehensive nature of this review, certain limi-
tations must be acknowledged. Variability in study quality 
resulted in potential selection bias, confounding, and incon-
sistencies in outcome reporting. The observed heterogeneity in 
incidence rates, tumor characteristics, and treatment modali-
ties may limit the generalizability of findings. Additionally, 
small sample sizes in several studies contributed to impreci-
sion, particularly in rare subtypes such as Xp11.2 translocation 
RCC. Publication bias may also be present, as studies with sig-
nificant results are more likely to be published. Future research 
should focus on larger, multicenter studies with standardized 
methodologies to improve reliability and clinical applicability.

Most included cohorts were retrospective and single-
institutional, predisposing to selection bias and unmeasured 
confounding. Marked between-study heterogeneity was ob-
served for almost every pooled endpoint (I2 > 75%), reflecting 
regional differences in imaging use, referral thresholds, and 
surgical practice. Rare subtypes such as Xp11.2 translocation 
RCC were represented by small case series, widening CIs and 
limiting precision. Finally, a risk of publication bias exists be-
cause smaller studies with null findings are less likely to ap-

pear in indexed journals.
Applying the GRADE framework, incidence and histol-

ogy outcomes were rated low certainty, whereas CSS, recur-
rence, presentation mode, and stage/grade distributions were 
downgraded to very low certainty due to serious risk of bias, 
very serious inconsistency, and imprecision. Consequently, 
our confidence in the pooled estimates is limited; true effects 
may differ substantially, and high-quality prospective data are 
needed to strengthen the evidence base.

Limitations of the review process

Several limitations in the review process should be consid-
ered. The search was limited to three databases, PubMed, 
Scopus, and Web of Science, which may have excluded stud-
ies indexed elsewhere. Grey literature, conference abstracts, 
and unpublished data were not included, which could affect 
the completeness of the evidence base. Although duplicate re-
moval and screening were performed, automation tools were 
used during initial screening, which may have excluded rel-
evant studies not captured by algorithmic filters. These factors 
may influence the comprehensiveness and reproducibility of 
the review.

Clinical and research implications

The findings of this review have several important clinical and 
research implications. First, the high rate of incidental tumor 
detection supports the necessity of increased awareness and the 
potential benefits of targeted screening strategies in high-risk 
young adults. Since many renal tumors remain asymptomatic 
until later stages, improving early detection through routine 
imaging in high-risk individuals could reduce mortality and 
enhance treatment efficacy.

Second, given the distinct histological and genetic charac-
teristics of RCC in young adults, treatment strategies should be 
individualized. Molecular profiling and genetic testing should 
be incorporated into clinical decision-making, particularly for 
patients with aggressive or rare tumor subtypes such as Xp11.2 
translocation RCC. Identifying genetic markers associated 
with tumor progression could also aid in the development of 
targeted therapies.

Future research should prioritize long-term functional 
outcomes following nephron-sparing surgery, including renal 
function preservation and quality of life. Additionally, stud-
ies should explore the role of emerging adjuvant therapies in 
improving survival rates for high-risk patients. Multicenter 
prospective trials are warranted to validate the findings of this 
review and to bridge existing gaps in knowledge regarding the 
biological behavior of RCC in young adults.

Conclusion

Renal tumors in adults younger than 45 years remain uncom-
mon (about 0.6 cases per 100,000 person-years), yet their in-
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cidence has doubled since 2000. Clear-cell RCC predominates 
(about 54%), with papillary and chromophobe variants ac-
counting for most of the remainder. In the pooled cohorts, 41% 
of tumors were detected incidentally and about three-quarters 
were stage I–II at surgery; these features underpin the excel-
lent 5-year CSS (> 90%) and low recurrence rate (about 4%). 
Prognosis, however, is heterogeneous: aggressive subtypes 
such as Xp11.2 translocation RCC or lesions with sarcoma-
toid differentiation, and any tumor presenting beyond stage II, 
carry a markedly higher risk of relapse and death.

Management is evolving towards renal preservation. Par-
tial nephrectomy was feasible in roughly half of young adults 
while maintaining oncologic control. Evidence for systemic 
therapy in non-clear-cell disease remains sparse, and we 
need more molecularly guided trials. Given that the current 
evidence base is of low to very low certainty, future research 
should prioritize prospective, multicenter cohorts with uniform 
staging, comprehensive genomic profiling, and extended func-
tional follow-up. Until such data are available, early imaging 
of high-risk individuals, timely referral to centers experienced 
in nephron-sparing surgery, and judicious use of emerging tar-
geted or immune-based regimens offer the best opportunity to 
preserve both survival and quality of life in this distinct patient 
population.
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