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A B S T R A C T   

Objectives: While recent studies have demonstrated several genetic alterations are associated with 
pathogenesis of RCC, the significance of cyclin-dependent kinase inhibitor 2A (CDKN2A) and 
cyclin-dependent kinase inhibitor 2B (CDKN2B) in tumorigenesis of RCC is less clear. We 
investigate the distribution of CDKN2A and CDKN2B mutations in patients with RCC and analyze 
the impact of CDKN2A and CDKN2B mutations on RCC. 
Methods: A pathological examination was conducted using thirty fresh renal tissue samples with 
renal masses that had undergone partial or radical nephrectomy. Multiplex ligation-dependent 
probe amplification (MLPA) was used to detect genetic aberrations of CDKN2A and CDKN2B in 
genomic DNA isolated from samples. Subsequently, CDKN2A and CDKN2B mutations were 
confirmed using chromosomal microarray technique. 
Results: Twenty-one patients were diagnosed with RCC, eight with benign diseases, including 
angiomyolipoma (AML) and oncocytoma, and one with mucinous adenocarcinoma of renal 
pelvis. Two of twenty-one patients (9.5 %) with clear-cell RCC were positive for CDKN2A and 
CDKN2B gene deletions. Interestingly, patients with CDKN2A and CDKN2B mutations were 
associated with sarcomatoid patterns of RCC (2 out of 4, 50 %). In contrast, no CDKN2A or 
CDKN2B deletions were detected in samples from benign renal tumors, papillary RCC, or other 
kidney cancers. 
Conclusions: This study demonstrated the potential use of CDKN2A and CDKN2B as biomarkers for 
the prognostic and molecular classification of renal cancer. CDKN2A and CDKN2B mutations may 
be associated with RCC development and sarcomatoid changes. Further research is needed to 
understand the underlying molecular mechanisms of CDKN2A and CDKN2B in the pathogenesis of 
RCC.   
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1. Introduction 

Renal cell carcinoma (RCC) originates in the renal cortex and is the most common type of kidney cancer [1]. Moreover, the disease 
is the deadliest cancer of the common urinary tract and accounts for 5 % of all cancers worldwide [2]. RCC is predominant in males 
(male-to-female ratio is 1.5:1.0), with the average age of onset being 60–70 years [3]. Despite continuous improvements in therapeutic 
interventions for RCC, the disease incidence rate is estimated to increase and lead to more than 300,000 deaths by 2040 [2,4]. 

RCC comprises different types of tumors with broad ranges of histological findings, clinical representations, treatment responses, 
and genetic alterations [5,6]. There are three common subtypes of RCC, namely clear cell RCC (ccRCC), papillary RCC (pRCC), and 
chromophobe RCC (crRCC), each with a distinct prognosis and treatment response [7,8]. Several genetic alterations of both germline 
and acquired mutations have been reported to be associated with the pathogenesis of RCC. Germline mutations in several genes, 
including VHL, FH, SDHB, SDHC, SDHD, MET, FLCN, PTEN, TSC1, TSC2, MITF, BAP1, PBRM1, and CDKN2B, are associated with an 
increased risk of developing RCC [5,9–13]. Studies that used sequencing technology on tissues derived from RCC have revealed that 
many driving mutations are involved in sporadic RCC, including those of BAP1, PBRM1, TCEB1, SETD2, KDM6A, TP53, and PTEN 
[14–19]. Notably, VHL mutations are frequently observed in RCC of the clear-cell histological subtype (>80 %) and in both sporadic 
and germline forms of RCC. These further underline the complexity of genetic alterations in the disease. 

Recent studies have reported the occurrence of cyclin-dependent kinase inhibitor 2A (CDKN2A) gene deletion in several tumors, 
which is associated with poor health outcomes. CDKN2A is located in chromosome 9p21.3 and encodes two proteins, p14ARF and 
p16INK4a. CDKN2A is predominantly expressed in several organs and tissues, including the adrenal, bladder, testis, stomach, spleen, 
and fat tissue. The encoded proteins play an essential role in cell division by regulating TP53 and RB1 [20]. Thus, CDKN2A deletions 
facilitate cell proliferation and promote tumor formation in several cancers [21]. The prevalence of CDKN2A mutations varies in 
different types of tumors; they are observed in approximately 3 % of patients with RCC [20]. CDKN2A has been extensively studied in 
patients treated with immune checkpoint inhibitors (ICI) [22]. For instance, it has been demonstrated that melanoma cells with 
CDKN2A gene deletions are not sensitive to immune checkpoint inhibitors [23]. However, there are conflicting data on the impact of 
CDKN2A gene deletion on ICI treatments for several cancers, including RCC [24,25]. The cyclin-dependent kinase inhibitor 2B 
(CDKN2B) gene lies adjacent to CDKN2A and usually undergoes concomitant deletion with CDKN2A. CDKN2B functions as a tumor 
suppressor gene that encodes the cyclin-dependent kinase inhibitors involved in cell cycle regulation through CDK4 or CDK6. CDKN2B 
is highly expressed in the colon, small intestine, esophagus, duodenum, lung, fat tissue, and skin. CDKN2B alterations have been 
reported in the germline form of RCC, suggesting that detecting mutations in this gene can improve familial RCC screening [26]. 
Additionally, a homozygous loss of CDKN2A/CDKN2B is associated with the progression of mucinous tubular and spindle cell car
cinoma (MTSCC), a rare subtype of RCC [27]. However, there is limited evidence about the distribution of CDKN2A and CDKN2B and 
the clinical manifestations of RCC subtypes regarding CDKN2A and CDKN2B deletion statuses in our study population. Therefore, this 
study investigated the genetic deletion of CDKN2A and CDKN2B genes (ch9p21.3 loss) in patients with renal cell carcinoma using the 
multiplex ligation-dependent probe amplification (MLPA) technique and confirmed the deletions of those genes using chromosome 
microarrays. Additionally, the impact of CDKN2A and CDKN2B mutations on renal cell carcinoma was analyzed. 

2. Materials and methods 

2.1. Patients and samples 

Fresh renal mass samples (n = 30) were collected from patients who had undergone partial nephrectomy or radical nephrectomy 
between February 2019 and September 2020 at Ramathibodi Hospital in Bangkok, Thailand. Based on a pathological examination of 
the samples, RCC was histologically confirmed in twenty-one patients. One patient was diagnosed with mucinous adenocarcinoma of 
the renal pelvis. Eight patients were diagnosed with benign renal masses, five had angiomyolipoma, two had oncocytoma, and one had 
benign spindle cell neoplasm. Demographic and clinical data were obtained from the patient’s medical records. This study was 
approved by the Committee on Human Rights Related to Research Involving Human Subjects, Faculty of Medicine Ramathibodi 
Hospital, Mahidol University, based on the Declaration of Helsinki (MURA2019/401). 

2.2. Multiplex ligation-dependent probe amplification (MLPA) analysis 

Genomic DNA was isolated from fresh tissue samples using the QIAamp® DNA Micro Kit according to the manufacturer’s in
structions. The amount and purity of the extracted DNA were measured using NanoDrop™ ND-2000 (Thermo Fisher Scientific, 
Waltham, MA, USA). Fifty nanograms of gDNA were subjected to MLPA analysis with SALSA® MLPA® Probemix P419 CDKN2A/2B- 
CDK4 (MRC-Holland, Amsterdam, Netherlands), which was developed to detect the duplication or deletion of CDKN2A, CDKN2B, and 
CDK4 genes. In detail, the probe mix contained 57 MLPA probes for the detection of the following regions: 14 probes for CDKN2A, nine 
probes for CDKN2A, nine probes for CDK4, ten flanking probes in total for CDKN2A and CDKN2B, one probe for the MITF p.E318K 
(c.952G > A) point mutation, one wildtype probe for CDK4 codon 24, and 13 reference probes. Additionally, nine quality control 
probes, including four DNA Quantity fragments (Q-fragments), two DNA Denaturation fragments (D-fragments), one Benchmark 
fragment, one chromosome X, and one chromosome Y-specific fragment, which those generally included in MLPA reaction for internal 
quality control were included into this assay. Normal DNA samples extracted from the peripheral blood of the healthy individual and 
positive DNA samples with known deletion of CDKN2A and CDKN2B from patients with acute lymphoblastic leukemia tested by MLPA 
P355-ALL-IKZF1 were also included in this study. Five reference DNA samples (two blood samples and three normal adjacent tissue 
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samples) were used during the assay validation steps. MLPA reactions, including those for the internal quality controls and negative 
controls, were performed according to the manufacturer’s instructions. The PCR products were subsequently analyzed using an ABI 
3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) and Coffalyser.net software (MRC Holland, Amsterdam, 
Netherlands), according to the respective manufacturer’s instructions. For the MLPA data interpretation, the final ratio (FR) indicating 
CDKN2A and CDKN2B statuses followed normal; 0.80 < FR < 1.20, homozygous deletion; FR = 0, heterozygous deletion; 0.40 < FR <
0.65, Heterozygous duplication; 1.30 < FR < 1.65, Heterozygous triplication/homozygous duplication; 1.75 < FR < 2.15, and 
ambiguous copy number; all other values. Notably, the level of tumor burden, tumor subclonal, and mutation patterns (somatic/ 
germline) could affect the samples’ FR. Samples with positive for CDKN2A and CDKN2B were subsequently confirmed by chromosomal 
microarray technique. 

2.3. Chromosome microarray analysis (CMA) 

CMA was performed using Affymetrix CytoScan 750 K arrays (Thermo Fisher Scientific, Santa Clara, CA), in accordance with the 
manufacturer’s instructions, to further confirm the copy number variations in the CDKN2A and CDKN2B genes. The intensities of probe 
hybridization were analyzed using Affymetrix GeneChip® Operating Software (GCOS), and copy number analysis was performed using 
Affymetrix Chromosome Analysis Suite (ChAS). 

2.4. Statistical analysis 

Patient characteristics with categorical variables were compared using Pearson’s chi-square test or Fisher’s exact test, whereas 
continuous variables were compared using the Kruskal–Wallis test. A p-value <0.05 was considered statistically significant. All sta
tistical analyses were performed using Stata version 14 (StataCorp LP, College Station, Texas, USA). 

Table 1 
Clinical characteristics and clinicopathological data of cohort study participants.  

Variable Total 

Gender, n (%) 
Male 20 (66.7) 
Female 10 (33.3) 

Age (year), mean ± SD 57.6 ± 16.4 
Body mass index, mean ± SD 27.3 ± 5.0 
Smoking status, n (%) 

No 20 (66.7) 
Yes 10 (33.3) 

Hypertension, n (%) 
No 16 (53.3) 
yes 14 (46.7) 

Chronic kidney disease, n (%) 
No 13 (43.3) 
Yes 17 (56.7) 

Patient history of other cancer, n (%) 
No 28 (93.3) 
Yes 2 (6.7) 

Family history of cancer, n (%) 
No 26 (86.7) 
Yes 4 (13.3) 

Pathology of renal mass, n (%) 
Benign renal tumour 8 (26.7) 
Mucinous adenocarcinoma of renal pelvis 1 (3.3) 
RCC 21 (70.0) 

Clear-cell RCC 19 (63.3) 
Papillary RCC 2 (6.7) 

Tumour size (cm), median (Interquartile range (IQR)) 4 (3, 5.9) 
≤ 4 cm 16 (53.3) 
4.1–7 cm 9 (30.0) 
7.1–10 cm 2 (6.7) 
> 10 cm 3 (10.0) 

Histological grade, n (%) 
1 6 (28.6) 
2 10 (47.6) 
3 2 (9.5) 
4 3 (14.3)  
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3. Results 

3.1. Cohort characteristics and clinicopathological data 

Thirty patients (20 men and 10 women) with a mean ± SD age of onset of 57.6 ± 16.4 years were enrolled in this study. About half 
of the patients had hypertension and chronic kidney disease (CKD) (53.3 % and 56.7 %, respectively). 30 % of the patients were 
smokers. Moreover, four patients had a history of familial cancer. The pathological findings revealed that RCC (70 %) was the most 
common cancer cell type among the participants in this study. Additionally, clear-cell RCC (ccRCC) was the most common subtype in 
the patient group (63.3 %). Half of the patients had tumors less than 4 cm (53.3 %) in size and a nuclear grade of two (47.6 %). The 
patient characteristics and clinicopathological data are given in Table 1. 

3.2. The incidence and spectrum of CDKN2A and CDKN2B alterations 

An MLPA assay was performed to detect the genetic gain or loss of CDKN2A and CDKN2B gene sequences. Two of the thirty renal 
mass tissue samples were positive for both CDKN2A and CDKN2B deletions. As an example, the MLPA results for samples RCC03 and 
RCC28 are given in Fig. 1. Interestingly, the two samples mentioned earlier were initially diagnosed with RCC, drawing a frequency of 
9.5 % (2 out of 21) among the RCC subgroup. Moreover, the subsequent chromosomal microarray analysis further confirmed the loss of 
CDKN2A and CDKN2B in the two samples (Fig. 2). No CDKN2A or CDKN2B deletions were detected in samples derived from other 
benign renal tumors, papillary RCC, or different types of kidney cell cancer. This finding suggests that the loss of CDKN2A and CDKN2B 
functions may contribute to the tumorigenesis of RCC. 

3.3. CDKN2A and CDKN2B were associated with poor clinical outcomes in RCC patients 

The impact of CDKN2A and CDKN2B deletions on the clinical features of patients who tested positive for these mutations was 
further analyzed. A comparison of the clinical characteristics and possible outcomes of patients associated with the loss of CDKN2A and 
CDKN2B is given in Table 2. Genetic deletions of both CDKN2A and CDKN2B were predominantly observed in elderly patients. While 

Fig. 1. The chromatogram results of an MLPA conducted on genomic DNA isolated from a tissue sample of RCC03 indicate the loss of CDKN2A and 
CDKN2B genes. The SALSA MLPA Probemix P419–B1 CDKN2A/2B-CDK4 contains 57 MLPA probes with amplification products between 121 and 
504 nucleotides. The area between the blue and red lines indicates the normal range of final ratio, 0.80 < FR < 1.20 (FR (former, dosage quotient 
(DQ)). The red circle dots under the red line indicate targeted-specific probes with genetic deletion (homozygous deletion FR = 0, heterozygous 
deletion = 0.40 < FR < 0.65). The blue dots upper the blue line indicate targeted-specific probes with duplication patterns (heterozygous dupli
cation = 1.30 < FR < 1.65, heterozygous triplication/homozygous duplication = 1.75 < FR < 2.15). The ambiguous copy number results are other 
FR values from the above ranges. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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no statistical differences were found in several characteristics, CDKN2A and CDKN2B gene deletions (100 % vs. 100 %; p = 0.023 vs. p 
= 0.018) were strictly observed in RCC with sarcomatoid differentiation. There were 2 of 4 (50 %) sarcomatoid changes, samples 
RCC03 and RCC28, positive for CDKN2A and CDKN2B. Meanwhile, other sarcomatoid samples, RCC31 and RCC35, were negative for 
the deletion of CDKN2A and CDKN2B (Fig. 3). These findings further highlight the impact of CDKN2A and CDKN2B on tumorigenesis 
and provide potential explanations for the pathogenesis of RCC driven by CDKN2A and CDKN2B mutations. 

Fig. 2. A microarray analysis of genomic DNA isolated from tumor tissue samples of RCC03 and RCC28 revealed CDKN2A and CDKN2B gene 
deletions (9p21.3) and control DNA isolated from adjacent normal tissue samples (NAT28). This result is concordant with that of the MLPA. 
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4. Discussion 

Renal cell carcinoma is a heterogeneous disease in terms of both clinical representation and genetic background. The present study 
mainly focused on establishing a routine, robust MLPA technique for the detection of deleted/amplified CDKN2A and CDKN2B genes in 
tissue samples derived from patients with RCC. Reliable data from several recent studies revealed that molecular genetic alterations 
indicate a predisposition to the development of familial RCC [28–32]. However, the underlying mechanisms of the genes involved in 
sporadic kidney cancer remain unclear. Similar to the VHL gene, which has predominantly been identified in familial RCC, CDKN2B 

Table 2 
A comparison of patients’ clinical characteristics and outcomes associated with the loss of CDKN2A and CDKN2B.  

Variable  CDKN2A    CDKN2B   

No variation 
(n = 4) 

Deletion (n 
= 2) 

Duplication (n 
= 24) 

p- 
value 

No variation 
(n = 5) 

Deletion (n 
= 2) 

Duplication (n 
= 23) 

p- 
value 

Pathology of renal mass, n (%) 
Benign 0 0 8 (33.3) 0.554 0 0 8 (34.8) 0.426 
Mucinous adenocarcinoma 

of the renal pelvis 
0 0 1 (4.2)  0 0 1 (4.3)  

RCC 4 (100) 2 (100) 15 (62.5)  5 (100) 2 (100) 14 (60.9)  
ccRCC 4 (100) 2 (100) 13 (86.7) 0.999 4 (80.0) 2 (100) 13 (92.9) 0.567 
pRCC 0 0 2 (13.3)  1 (20.0) 0 1 (7.1)  

Gender, n (%) 
Male 4 (100) 2 (100) 14 (58.3) 0.258 5 (100) 2 (100) 13 (56.5) 0.130 
Female 0 0 10 (41.7)  0 0 10 (73.5)  

Age (year), mean ± SD 59.3 ± 16.8 68.0 ± 4.2 56.5 ± 17.0 0.474 57.8 ± 16.3 68.0 ± 4.3 56.6 ± 17.2 0.467 
Tumour size (cm), median 

(IQR) 
3 (2, 9) 8 (4, 11) 4 (3, 6) 0.449 3 (3, 5) 8 (4, 11) 4 (3, 6) 0.535 

≤ 4 cm 3 (75.0) 1 (50.0) 12 (50.0) 0.180 3 (60.0) 1 (50.0) 12 (52.2) 0.455 
4.1–7 cm 0 0 9 (37.5)  1 (20.0) 0 8 (34.8)  
7.1–10 cm 0 0 2 (8.3)  0 0 2 (8.7)  
> 10 cm 1 (25.0) 1 (50.0) 1 (4.2)  1 (20.0) 1 (50.0) 1 (4.3)  

IVC thrombus, n (%) 
No 3 (75.0) 2 (100) 24 (100) 0.200 4 (80.0) 2 (100) 23 (100) 0.233 
Yes 1 (25.0) 0 0  1 (20.0) 0 0  

Histological grade, n (%) 
1 1 (25.0) 0 5 (33.3) 0.671 2 (40.0) 0 4 (28.6) 0.735 
2 2 (50.0) 1 (50.0) 7 (46.7)  2 (40.0) 1 (50.0) 7 (50.0)  
3 0 0 2 (13.3)  0 0 2 (14.3)  
4 1 (25.0) 1 (50.0) 1 (6.7)  1 (20.0) 1 (50.0) 1 (7.1)  

Sarcomatoid, n (%) n = 21 
Absent 3 (75.0) 0 14 (93.3) 0.023 4 (80.0) 0 13 (92.9) 0.018 
Present 1 (25.0) 2 (100) 1 (6.7)  1 (20.0) 2 (100) 1 (7.1)  

Rhabdoid, n (%) n = 21 
Absent 4 (100) 1 (50.0) 14 (93.3) 0.214 5 (100) 1 (50.0) 13 (92.9) 0.233 
Present 0 1 (50.0) 1 (6.7)  0 1 (50.0) 1 (7.1)  

Necrosis, n (%) n = 21 
Absent 1 (25.0) 0 9 (60.0) 0.181 2 (40.0) 0 8 (57.1) 0.538 
Present 3 (75.0) 2 (100) 6 (40.0)  3 (60.0) 2 (100) 6 (42.9)  

Haematuria, n (%) 
No 3 (75.0) 2 (100) 20 (83.3) 0.999 3 (60.0) 2 (100) 20 (87.0) 0.453 
Yes 1 (25.0) 0 4 (16.7)  2 (40.0) 0 3 (13.0)  

Smoking status, n (%) 
No 4 (100) 1 (50.0) 15 (62.5) 0.345 4 (80.0) 1 (50.0) 15 (65.2) 0.999 
Yes 0 1 (50.0) 9 (37.5)  1 (20.0) 1 (50.0) 8 (34.8)  

Hypertension, n (%) 
No 1 (25.0) 1 (50.0) 14 (58.3) 0.534 1 (20.0) 1 (50.0) 14 (60.9) 0.299 
Yes 3 (75.0) 1 (50.0) 10 (41.7)  4 (80.0) 1 (50.0) 9 (39.1)  

CKD, n (%) 
No 1 (25.0) 0 12 (50.0) 0.512 3 (60.0) 0 10 (43.5) 0.447 
Yes 3 (75.0) 2 (100) 12 (50.0)  2 (40.0) 2 (100) 13 (56.5)  

BMI, mean ± SD 28.7 ± 5.7 27.1 ± 2.7 27.1 ± 5.2 0.776 25.3 ± 3.8 27.1 ± 2.7 27.8 ± 5.4 0.581 
Patient cancer history, n (%) 

No 4 (100) 2 (100) 22 (91.7) 0.999 5 (100) 2 (100) 21 (91.3) 0.999 
Yes 0 0 2 (8.3)  0 0 2 (8.7)  

Family cancer history, n (%) 
No 4 (100) 1 (50.0) 21 (87.5) 0.317 4 (80.0) 1 (50.0) 21 (91.3) 0.225 
Yes 0 1 (50.0) 3 (12.5)  1 (20.0) 1 (50.0) 2 (8.7)  

Abbreviation: n, number of samples; ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell carcinoma; SD, standard deviation; IQR, 
interquartile range; IVC thrombus, Inferior vena cava thrombus; CDKN2A, cyclin-dependent kinase inhibitor 2A, CDKN2B, cyclin-dependent kinase 
inhibitor 2B. 
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point mutations have been reported to be involved in cell cycle dysregulation in patients with RCC [26]. Furthermore, evidence in
dicates that extensive genetic alterations can be observed in patients with RCC, such as a gain/loss of CDKN2B and CDKN2A DNA 
fragments. An MLPA assay was performed, and the gain/loss of CDKN2A and CDKN2B was subsequently confirmed using the chro
mosomal microarray technique. Concomitant losses of CDKN2A and CDKN2B were found in two out of 21 patients (9.5 %) with RCC. 
This finding is similar to that of Schraml et al. [33], who used a Fluorescence in situ hybridization (FISH) technique specifically for the 
detection of chromosome 9p deletion and found allelic losses in the CDKN2A region in 10 % of patients with clear-cell RCC, and those 
patients exhibited poor outcomes. The incidences of chromosome 9p deletion (presumably with concomitant losses of CDKN2A and 
CDKN2B) were found to diverge in different cohorts, depending on the discerning subjects and investigating tools. Furthermore, 
El-Mokadem et al. used tissue microarrays and interphase FISH to investigate chromosome 9p deletion in patients with clear-cell RCC. 
44 % of the patients were positive for chromosome 9p deletion and were associated with poor prognosis phenotypes, including higher 

Fig. 3. The chromatogram results of an MLPA conducted on genomic DNA isolated from a tissue sample of RCC31 (A) and RCC35 (B) indicate the 
sarcomatoid samples without CDKN2A and CDKN2B deletion. 
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stages of cancer, larger tumors, necrosis, microvascular and renal vein invasion, higher stage, size, grade, and necrosis (SSIGN) scores, 
detained higher risk of recurrence, and RCC-specific mortality [34]. Interestingly, Beroukhim et al. [35] reported that 29 % of patients 
with sporadic clear-cell RCC were positive for CDKN2A and CDKN2B deletion with homozygous loss patterns. Notably, the CDKN2A 
and CDKN2B regions encode several tumor suppressor proteins, including p14, p15, and p16, which are essential for regulating cell 
cycle arrest during the G1 phase. Therefore, alterations of those genes may be involved in the pathogenesis of several cancers, 
including RCC. Recently, Bakouny et al. demonstrated that the deletion of CDKN2A and CDKN2B are significantly enriched in sar
comatoid or rhabdoid RCC compared with patients who do not exhibit sarcomatoid or rhabdoid phenotypes [36]. While previous 
sophisticated studies used a mouse model to study the loss of CDKN2A and VHL in the establishment of RCC, it is hard to make a 
conclusion about the exact phenotypes of the tumors derived from those mice because of a lack of histological data [37]. Thus, further 
study in both animal and human-derived samples needs to investigate the oncogenic potential of CDKN2A and CDKN2B in the 
establishment of sarcomatoid and other aggressive forms of RCC. Taken together, these data further indicate that germline mutations 
of CDKN2A and CDKN2B and the perturbance loss of those genes could contribute to the tumorigenesis of both familial and sporadic 
RCC. 

The genetic deletions of CDKN2A and CDKN2B were further analyzed in relation to the clinical outcomes of patients with RCC. The 
characteristics of patients with deletions versus those with no deletions or with duplications showed no significant differences (p >
0.05), except in the sarcomatoid presentation (p < 0.05). Furthermore, it was found that these gene deletions occurred in clear-cell RCC 
samples that exhibited sarcomatoid patterns. No gene deletion was detected in the other types of kidney cell tumors. However, it is 
important to note that the small sample size may have affected the lack of statistically significant differences. While the overall trend of 
multiple comparisons showed coherence with no statistical significance, genetic alterations of CDKN2A/CDKN2B were associated with 
the aggressive, sarcomatoid patterns of RCC with a stringent significance at 0.05 for CDKN2A and lower down to 0.01 for CDKN2B. 
Moreover, our findings are consistent with recent reports that showed genetic alterations of CDKN2A/CDKN2B are associated with 
aggressive forms of RCC and are common in sarcomatoid RCC [38–41]. We believe the number of samples is sufficient for our statistical 
analyses, but we also acknowledge that future study is needed to add to the body of knowledge about the role of CDKN2A/CDKN2B in 
the establishment of RCC and the applications of CDKN2A/CDKN2B mutation analysis in clinical practice. Interestingly, CDKN2A 
deletions were found to be associated with CDKN2B deletions (concomitant loss). Finally, patients with deletions of these two genes 
were found to have an increased risk of RCC development. At present, in our setting, we have not pursued the association between the 
deletion of CDKN2A/CDKN2B and the treatment outcomes of the patients. However, in literature reviews, it has been suggested that 
RCC patients who proceed with CDKN2A/CDKN2B deletion are associated with aggressive phenotypes and could benefit from 
treatment with immunotherapeutic agents [36,40]. The present study further highlights the application of CDKN2A and CDKN2B 
deletion detection for the prognostication of aggressive forms of RCC. 

At present, treatment of RCC includes surgery removal (radical or partial nephrectomy) and targeted therapy and immunotherapy 
in patients who experience metastatic recurrence post-surgery [42]. RCC with sarcomatoid change (approximately 4–5% of all RCCs) is 
frequently associated with advanced or metastasis disease (20 % of all patients with sarcomatoid pattern) [43] and has shorter survival 
(less than 1 year) [44,45]. Treatment of RCC with advanced sarcomatoid RCC has slowly progressed during the past decades. A recent 
2022 European Association of Urology (EAU) update on guidelines for managing RCC has summarised the recommendation for 
treating some rare RCCs in which treatment of high malignant potential sarcomatoid RCC comprise of surgery, nivolumab and ipi
limumab, immune checkpoint inhibitors (ICI) and tyrosine kinase inhibitor (TKI) combinations, and sunitinib, gemcitabine plus 
doxorubicin is an option [46]. Although current genetic analysis could not precisely identify key diving mutations in the tumorigenesis 
of the disease, sarcomatoid RCC predominantly overexpressed PD1 and PDL1 compared to another subtype of RCC. This further 
highlights the potential use of immunotherapies to treat those patients [47]. Recent reports demonstrated that metastasis RCC and 
metastasis sarcomatoid RCC have beneficial responses to the treatment with PD-1/PDL-1 targeted immunotherapies [48,49]. 
Currently, Pembrolizumab (PD-1) has been approved for treating high-risk RCC with or without sarcomatoid differentiation after 
nephrectomy, significantly improving progression-free survival [50]. These data emphasize the beneficial use of morphological and 
histological studies of these tumors for diagnostic recognition and predictive value to select appropriate therapeutic options, partic
ularly immunotherapy for high-risk RCC. Additionally, it is critical to identify and validate the biomarker that could identify those 
patients who may benefit from single or combined therapy with available effective tyrosine kinase inhibitors and immunotherapies. 

5. Conclusion 

A robust MLPA assay was created specifically for the detection of CDKN2A and CDKN2B duplication/deletion. Genetic aberrations 
were subsequently confirmed using the chromosomal microarray technique. CDKN2A and CDKN2B genes were found to undergo 
concomitant losses in 9.5 % of the RCC samples (2 of 21) and displayed sarcomatoid patterns (2 of 4, 50 %), which were recognized as 
one of the aggressive RCC forms and may benefit for immunotherapy. The present study’s findings further highlight the impact of 
CDKN2A and CDKN2B on the tumorigenesis of RCC and the potential use of CDKN2A and CDKN2B as biomarkers for the prognos
tication and molecular classification of RCC. 
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