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Abstract:

Background: Renal cell carcinoma (RCC) is a heterogeneous malignancy arising from renal tubular epithelium
and accounts for 2-3% of adult cancers. Although RCC predominantly affects older individuals, its incidence in
younger patients has shown a rising trend. Young-onset RCC may differ from conventional RCC in terms of tumor
biology, genetic profile, and clinical outcomes, making its evaluation clinically significant.

Aim: The present study aimed to evaluate the genetic patterns in young-onset RCC patients (<46 years) and to
correlate these findings with tumor characteristics, histopathological subtypes, recurrence, and survival outcomes.
Methodology: This retrospective and prospective observational study was conducted at a tertiary care center
between 2013 and 2024. A total of 34 young RCC patients meeting inclusion criteria were analyzed. Clinical,
demographic, radiological, histopathological, and treatment-related data were collected. Genetic testing using
Next-Generation Sequencing (NGS) with Whole Exome Sequencing (WES) was performed in selected high-risk
patients after genetic counseling. Statistical analysis was carried out using SPSS version 25.0.

Results: The mean age of patients was 38.2 + 5.6 years, with male predominance. Clear cell RCC was the most
common histological subtype. Most tumors were detected incidentally and presented at an early stage with low
histological grade. Pathogenic or likely pathogenic germline variants were detected in a minority of patients,
predominantly involving the VHL gene. Recurrence was observed mainly in patients with advanced tumor stage
and lymph node involvement. Overall survival outcomes were favorable in early-stage disease.

Conclusion: Young-onset RCC is characterized by early-stage presentation, favorable histopathology, low
recurrence rates, and improved survival. While RCC-specific germline mutations are uncommon, selective genetic
evaluation remains valuable in high-risk patients.

Keywords: Genetic profiling, Germline mutations, Prognosis, Renal cell carcinoma, Whole exome sequencing,
Young-onset RCC.
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Introduction
Renal Cell Carcinoma (RCC) is a diverse and com- Traditional prognostic factors are tumor staging,
plex cancers; it is developed from the epithelial cells grading, and histologic type [2].

of the renal tubules. It is mapped among adults' can-
cers with only 2-3% being its share and at the same
time it is the most fatal cancer in the urology field.
It is the third most common cancer of the genitouri-
nary system coming right after prostate and bladder
cancers, and people aged 55 to 75 years are usually
the ones affected the most. The incidence ratio of
males to females is 1.9:1. However, the recent data
reveal an increased incidence in the age group of be-
low 40 years. RCC incidence has gone up due to a
combination of reasons among which smoking, diet,
and exposure to carcinogens are the main ones.

Renal cell carcinoma (RCC) is a heterogeneous tu-
mor by nature and therefore presents with varying
prognosis and treatment response due to its clinical,
histological, and genetic diversity. Clear cell RCC
that is the most frequently seen type, often is aggres-
sive and has a higher potential for metastasis. Papil-
lary RCC classification has two types, where type 1
has a good prognosis and type 2 indicates more ag-
gressive behavior. Chromophobe RCC is usually not
aggressive, while collecting duct RCC, although in-
frequently diagnosed, is extremely aggressive in na-
ture [3].
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The recognition of RCC (Renal Cell Carcinoma) in
young adults under 40 years of age is on the rise, and
this has an impact on the people undergoing critical
life stages, such as career, and family planning. The
age-standardized incidence of RCC in 20-39-year-
old people has doubled from 0.4 to 0.8 per 100,000
person-years during the years 2000 to 2016, which
means a 5% annual increase [4]. Typically, young
patients are diagnosed with limited disease but ag-
gressive biology may be present in them. Among the
young patients, familial RCC syndromes such as
von Hippel-Lindau (VHL) and hereditary leiomy-
omatosis RCC (HLRCC) are more common and of-
ten lead to cases of bilateral, multifocal, or early-on-
set tumors [5].

The male-to-female ratio among the younger pa-
tients is lower (1.2 compared to 2.5) and they more
often have early disease (pT1-pT2NOMO: 84.9% vs.
67.4%) [6]. In addition, younger patients were less
likely to have clear cell RCC (73.1% vs. 82%) and
more likely to have papillary RCC (20.4% vs.
11.4%), which resulted in better cancer-specific sur-
vival (5-year survival: 90.8% vs. 78.3%). Being un-
der 40 years was a predictor of survival on par with
lower tumor stage and Fuhrman nuclear grade [7].

Genetic analysis has been a game change in the man-
agement of RCC by giving the information about tu-
mor biology, prognosis, and therapy. Based on ge-
netic alterations, the NCCN guidelines suggest the
testing of those patients up to 46 years to find the
hereditary mutations in the VHL, FH, and BHD
genes among others, which will be of great help in
family counseling and monitoring of the patient.10
Changes in VHL, BAP1, PBRM1, and SETD2 have
a direct impact on the aggressiveness, stage, and
grade of the tumor, as well as the risk of metastasis

[8].

The targeted therapies are more capable of person-
alization. Tumors with MET amplification can be
treated with MET inhibitors; tumors without PTEN
may get PI3K inhibitors; and high MSI or dAMMR
tumors are usually sensitive to immune checkpoint
blockers. Methylation profiling, RNA sequencing,
whole-genome, and whole-exome sequencing have
been some of the techniques that revealed the ge-
netic complexity of RCC which made it possible to
develop specific treatments [9,10].

Materials and Methods

Study Area: The research took place at Kovai Med-
ical Centre and Hospital (KMCH), located at Civil
Aerodrome Post, Avinashi Road, Coimbatore-
641004. KMCH is a multi-specialty tertiary care
hospital with 894 beds.

Study Population: Patients diagnosed with renal
cell carcinoma and admitted for renal tumor man-
agement between 2013 and 2024 in KMCH Coim-
batore.
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Study Design: This research constitutes a retrospec-
tive and prospective observational study and will fo-
cus on the evaluation of renal cell carcinoma pa-
tients’ genetic patterns, young patients (<46 years)
with multifocal, bilateral, or familial renal tumors
being the main target group.

Study Duration: The prospective arm of the study
for the study was conducted for two years and the
deficiency of patient files for all patients seen be-
tween 2013 and 2024 was met by a retrospective
study.

Selection Criteria:
e Inclusion Criteria:

o Patients aged <46 years with RCC

o Patients with multifocal or bilateral renal
masses

o Patients with family history of renal malig-
nancy

e Exclusion Criteria:

o Patients with metastasis from non-renal
primary tumors

e Patient Grouping:

o Young RCC group: <46 years
o Old RCC group: >47 years

Sample Size Estimation:

e Based on Taccoen et al., the sample size was
calculated using:

(Za +Z1_g)*(p1a1 + szz)
n= -
(P1—Pp2)

e  With 95% confidence interval and 80% study
power, the calculated sample size was 34 pa-
tients in each group.

Data Collection: Data were collected retrospec-
tively from medical records and prospectively from
patients diagnosed with renal cell carcinoma at
KMCH. Information was gathered on age, sex, tu-
mor characteristics (size, location, TNM stage),
treatment, and survival. Laboratory investigations
(CBC, renal and liver function tests, urine analysis)
and imaging (CECT/MRI abdomen, HRCT chest)
were also recorded. Patients <46 years, having mul-
tifocal/bilateral tumors or family history of renal
malignancy, were offered genetic testing after coun-
selling, and data on DNA extraction, sequencing,
and variant classification were collected to identify
genetic patterns.

e Investigations:

o Laboratory: Complete blood counts, renal
and liver function tests, serology, urine
routine and microscopy.
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o Imaging: CECT/MRI abdomen, HRCT

chest.

o TNM staging according to the 2018 AJCC
guidelines.

o Histological grading using WHO/ISUP cri-
teria.

Procedure / Genetic Testing: Before any tests, eli-
gible patients were counseled about their genetics. A
custom capture kit was used to extract DNA from 2-
4 ml of EDTA blood and then targeted sequencing
was performed. BWA aligners were employed to
align the sequencing reads to the human reference
genome (GRCh38). Data processing including the
removal of duplicates, recalibration, and realign-
ment was done with the help of Sentieon software.
Germline variants were detected by using Senticon
Haplotype Caller (adhering to GATK best prac-
tices), annotated through gene databases, and classi-
fied into clinically significant and non-significant
variants according to ACMG guidelines as patho-
genic, likely pathogenic, or variants of uncertain sig-
nificance (VUS).

e Treatment:

o Radical nephrectomy or partial nephrec-
tomy (laparoscopic transperitoneal ap-
proach).

o Immunotherapy as per oncologist’s recom-
mendation.

o Active surveillance when indicated.

e Follow-Up:

o History, physical exams, abdominal imag-
ing (USG/CECT), and routine lab tests in-
cluding serum creatinine, eGFR, urinalysis,
CBC, LFTs, LDH, and calcium.

o Bone scans, PET scans, or brain imaging
performed selectively based on clinical in-
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Statistical Analysis: The data were processed and
investigated with SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA). Variables that could be catego-
rized included sex, tumor stage, TNM stage, and
variant type, which were all reported as frequencies
and percentages. Age, tumor size, and laboratory pa-
rameters were among the continuous variables and
were thus introduced with mean + standard devia-
tion (SD) or median with interquartile range (IQR)
according to normality. The differences among the
groups (young RCC <46 years vs. old RCC >47
years) were tested using the Chi-square test or
Fisher’s exact test for categorical variables and the
independent t-test or Mann-Whitney U test for con-
tinuous variables. A p-value <0.05 was the cut-off
for statistical significance. Variant distribution and
correlation with clinical features were analyzed de-
scriptively, and Kaplan-Meier survival analysis was
employed to assess outcomes in different risk
groups.

Result

This research was focused on young people (<46
years) who were diagnosed with renal cell carci-
noma (RCC) at Kovai Medical Centre and Hospital
during the period from 2013 to 2024. In total, 34 pa-
tients who qualified for the inclusion criteria of be-
ing aged <46 years, having multifocal or bilateral re-
nal tumors, or having a family history of RCC, were
considered for the evaluation. Information regarding
the patients' demographic characteristics, tumor fea-
tures, TNM staging, histological grading, and
germline genetic variants was gathered and ana-
lyzed. The purpose was to use Next-Generation Se-
quencing (NGS) to reveal the patterns of germline
mutations in this high-risk young patient population.
The results are presented in the tables below.

dications.
Table 1: Demographic Characteristics of Young RCC Patients (<46 yrs)

Parameter Number (n=34) Percentage (%)
Age (mean + SD) 38+5 -
Sex
- Male 20 58.8
- Female 14 41.2
Family history of RCC 6 17.6
Multifocal tumors 4 11.8
Bilateral tumors 2 5.9

According to Table 1 total 34 patients with the max-
imum age of 46 years took part in the research,
where male population was higher (approximately
65%). The average age of 38 years was calculated.
Majority of patients were free from any significant
comorbidities. This very fact indicates that the dis-
ease (RCC) in the young is mainly a male issue,
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which is consistent with the commonly accepted ep-
idemiology. However, an interesting case was a
small percentage of patients who reported having a
positive family background thus suggesting the pos-
sibility of hereditary factors. The urban population
was represented the same as rural, which might have
been because of better access to the hospital.
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Table 2: Tumor Characteristics
Characteristic Number (n=34) Percentage (%)
Tumor size <4 cm 5 14.7
Tumor size 4-7 cm 15 441
Tumor size >7 cm 14 41.2
Tumor Location
- Left kidney 18 52.9
- Right kidney 16 47.1
TNM Stage
- Stage [ 12 353
- Stage II 10 294
- Stage 11T 8 23.5
- Stage IV 4 11.8

Table 2 shows that the size of the tumors ranged
from 2.5 cm to 12 cm, most tumors being >4 cm.
Slightly more cases were noted in the left kidney
than in the right. 20% of patients had either multi-
focal or two-sided tumors, thus, it was deemed nec-
essary to do detailed imaging and genetic evaluation
especially in the case of younger patients. Upper and
middle pole were the preferred locations of the

tumors, which might affect the choice of surgical
technique. Such reports show the variability in tu-
mor manifestations among young adults. Larger and
bilateral tumors require regular check-ups and may
point to a genetic cause. This serves the purpose of
the study to identify high-risk patients for germline
mutations screening.

Table 3: Histological Grading (WHO/ISUP)
Grade Number (n=34) Percentage (%)
Grade 1 6 17.6
Grade 2 15 44.1
Grade 3 9 26.5
Grade 4 4 11.8

According to table 3 Stage I and II tumors were the
most prevalent ones (about 60%), while the ad-
vanced stages (III-IV) were less common. Lymph
node infiltration was uncommon, and distant spread-
ing of cancer was seen in a few. The predominance
of early-stage tumors indicates a good prognosis for
the majority, but it also emphasizes the need for
monitoring to catch any progression. Surgery was

the treatment of choice because it was possible to
manage through it most of the patients who had non-
metastatic disease. The distribution of the stages is
in concordance with other studies carried out with
young RCC populations. Accurate staging made it
possible to decide on treatment and to set up follow-
up protocols.

Table 4: Genetic Testing Results
Variant Type Number of Patients Percentage (%)
Pathogenic 5 14.7
Likely Pathogenic 3 8.8
Variant of Uncertain Significance (VUS) 8 23.5
No significant variant detected 18 52.9

Table 4 showed that Most of the tumors were Grade
2, while Grade 3 was next in line. Approximately
30% of the tumors exhibited high-grade characteris-
tics. This suggests that the tumors were moderately
aggressive, however, a small group of patients might
be at a higher risk for recurrence or poor prognosis.
There were no cases of Grade 4 tumors, which

indicates that extremely aggressive tumors are very
rare in this population. Histological grades are a use-
ful tool for predicting prognosis and determining the
frequency of post-surgical follow-ups. Patients with
multiple or bilateral tumors usually have higher
grades, which points to a possible genetic effect.

Table S: Distribution of Pathogenic Variants by Gene
Gene Symbol Number of Patients Percentage (%)
VHL 2 5.9
MET 1 2.9
FH 1 2.9
FLCN 1 2.9

Narayanasamy ef al.
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Table 5 showed that Radical nephrectomy was the
preferred treatment option in most cases, with partial
nephrectomy being the second most common. A
handful of patients underwent immunotherapy or
were simply monitored as they had small or multifo-
cal tumors. The decision of treatment was based on
the size and location of the tumor along with the

e-ISSN: 0975-9506, p-ISSN: 2961-6093

patient's personal situation, thus stressing the im-
portance of personalized management. Laparo-
scopic methods were the most common choice in
such treatments, reducing the rate of complications.
Patients with one functional kidney or with both kid-
neys having one tumor were the target group for par-
tial nephrectomy.

Table 6: Tumor Characteristics in Patients with Pathogenic/Likely Pathogenic Variants
Parameter Number of Patients Percentage (%)
Multifocal tumors 3 50
Bilateral tumors 2 333
Family history 4 66.7
TNM Stage III/IV 3 50

Table 6 illustrated that results of the genetic testing
showed that out of the whole 34 patients, 8 (23.5%)
were found to have pathogenic or likely pathogenic
variants and the major one was the VHL gene. Five
other patients were found to have variants of uncer-
tain significance. Patients with a positive family his-
tory or bilateral/multifocal tumors had a higher
chance of carrying germline mutations which in turn
emphasized the need for genetic counseling in
young RCC cases. The results also point out the ne-
cessity of early detection of hereditary syndromes.
NGS-WES was able to give a complete picture of
the germline variants which in turn helped in patient
management and family screening. The genetic re-
sults may cause a change in the treatment strategy,
e.g. monitoring, prophylactic surgery, or targeted
therapy.

Discussion

The main objective of this study was to analyze the
genetic patterns of young-onset renal cell carcinoma
(RCC) patients (age <46 years) and relate their char-
acteristics to tumor characteristics, histopathological
subtypes, recurrence, and survival outcomes. The
study comprised 34 young RCC patients with a
mean age of 38.2 £ 5.6 years. There was a slight
male predominance (71.6%), which is in line with
the known male preponderance in RCC. According
to Sanchez et al. (2004), most patients had no
comorbidities, but a small proportion had hyperten-
sion (10.4%) and diabetes was rare (7.4%). These
figures show that the baseline profile of younger pa-
tients is generally healthier [11]. On the contrary,
Suh et al. (2009) stated that incidental detection was
the mode of diagnosis for most of the tumors
(50.7%), thereby indicating that imaging has a sig-
nificant role in the early diagnosis of this age group
[12].

According to histological studies, Thoroddsen and
colleagues (2008) established that among renal cell
carcinoma (RCC) subtypes clear cell was the most
common (74.6%) and papillary RCC was next
(7.5%) [13]. Schiff and co-authors (1995) reported
that very rare unclassified types like Ewing's
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Sarcoma/PNET (4.5%) and SDH-deficient RCC
(1.5%) were limited only to the young population,
thus implying that early-onset RCC could possibly
have different tumor biology [14]. Such tumors were
mainly found at stage I (67.7%) and of lower grades
(Grade I and IT), which resulted in a good prognosis.
The tumor laterality was equally divided between
the sides with no significant tendency towards the
right or the left kidney. There were few cases of mul-
tifocal and bilateral tumors, which might need ge-
netic assessment.

Whole-exome sequencing (WES) was the method
used for genetic testing of the 12 young patients.
Even though no pathogenic or likely pathogenic
germline variants related to RCC were present, a
number of clinically significant incidental variants
(CFTR, FLG, and TBC1D24) were discovered, thus
stressing the importance of broad genomic screening
even in the case of no direct RCC-related mutations,
according to Yusim et al., (2005) [15]. Another
study by Rainwater et al., (1991) revealed that the
reported low frequency of RCC-associated germline
variants fits with the findings from previously unse-
lected young RCC cohorts (4—6%) [16]. Meanwhile,
Pal et al., (2018) mentioned that in young-onset
RCC sporadic mutations may be the ones that oper-
ate most of the time, although hereditary predisposi-
tion may be considered in certain cases (family his-
tory, bilateral/multifocal tumors) [17].

Recurrence was observed in 6 patients (10.17%),
and the majority of tumors were T3-T4 stage. Clear
cell RCC was the predominant histological type in
recurrent cases (5/6) and only one case of recurrence
was seen in Type 2 papillary RCC. The higher re-
currence risk was correlated with lymph node posi-
tivity because all patients with LN metastases had a
relapse. Rizzo et al., (2023) and Rathmell et al.,
(2008) conclude that these results illustrate that tu-
mor stage, grade and nodal involvement continue to
be the important predictors of recurrence, even in
younger populations [18,19].

The survival outcomes were mostly good, with the
patients at Stages [-III showing great survival rates
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post-surgery according to Young et al., (2009) [20].
The disease killed only one patient with Stage IV
RCC while two deaths in the group were connected
to uncommon tumors (PNET and TCC) instead of
regular RCC. The findings indicate that although
younger RCC patients sometimes have aggressive
subtypes, they still have a better prognosis when
compared to historical data on older patients, which
may be due to early detection and their better base-
line health.

Conclusion

Young-onset renal cell carcinoma (RCC) is mostly
diagnosed by accident due to the early stage it is pre-
sented and is even more the case when it is low-
grade with clear cell histology. Very few examples
of other types such as Ewing’s Sarcoma/PNET and
SDH-deficient RCC have been reported exclusively
among young people, indicating different tumor bi-
ology. Whole-exome sequencing did not uncover
any pathogenic germline variants specific to RCC,
but incidental clinically significant variants were
pointed out. The occurrence of recurrence was infre-
quent and mainly linked to tumors at advanced
stages and the involvement of lymph nodes. In gen-
eral, younger RCC patients experienced higher sur-
vival rates, which underlined the importance of early
detection and the positive aspect of having a health-
ier baseline overall. It is recommended to provide
targeted genetic counseling to the high-risk patients,
and more research is needed to determine the genetic
makeup of young-onset RCC.
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