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Background: The incidence of squamous cell carcinoma of the oral tongue (SCCOT)

is increasing in people under age 40. There is an urgent need to identify prognostic

markers that help identify young SCCOT patients with poor prognosis in order to

select these for individualized treatment.

Materials and methods: To identify genetic markers that can serve as prognostic

markers for young SCCOT patients, we first investigated four young (≤40 years) and

five elderly patients (≥50 years) using global RNA sequencing and whole‐exome

sequencing. Next, we combined our data with data on SCCOT from the cancer gen-

ome atlas (TCGA), giving a total of 16 young and 104 elderly, to explore the correla-

tions between genomic variations and clinical outcomes.

Results: In agreement with previous studies, we found that SCCOT from young and

elderly patients was transcriptomically and also genomically similar with no signifi-

cant differences regarding cancer driver genes, germline predisposition genes, or the

burden of somatic single nucleotide variations (SNVs). However, a disparate copy

number variation (CNV) was found in young patients with distinct clinical outcome.

Combined with data from TCGA, we found that the overall survival was significantly

better in young patients with low‐CNV (n = 5) compared to high‐CNV (n = 11) bur-

den (P = 0.044).

Conclusions: Copy number variation burden is a useful single prognostic marker for

SCCOT from young, but not elderly, patients. CNV burden thus holds promise to

form an important contribution when selecting suitable treatment protocols for

young patients with SCCOT.
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1 | INTRODUCTION

Squamous cell carcinoma of the head and neck (SCCHN) is the sixth

most common cancer in the world.1 SCCHN occurs predominantly

in patients over 50 years old, and similar to most malignancies aging

is a pervasive risk factor.2 Epidemiologic studies show an increasing

incidence of SCCHN in patients under 40 years of age, especially

for SCC of the oral tongue (SCCOT).3-5 As these patients have not
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encountered extensive exposure to alcohol/tobacco, the main risk

factors for SCCHN, tumor induction in young patients are likely to

be etiologically distinct.5 Numerous efforts have been made to iden-

tify differences in pathogenesis between the two age‐groups, but no
consensus has yet been reached.5 More recent next‐generation
sequencing techniques indicate that the genomic profiles and

mutations in driver genes are very similar between young and

older SCCOT patients,6 suggesting similar mechanisms of

tumorigenesis.

The prognosis of SCCHN in young patients is controversial.

Many studies have not shown any significant difference in prognosis

between young and older patients, whereas some have suggested

that young patients have worse outcomes and thus need more

aggressive approaches to improve locoregional control and sur-

vival.7,8 Other studies in turn have demonstrated that young patients

have a better overall prognosis than older patients.3,9 Our own

results from SCCOT showed recurrences more frequently in young

compared to old patients.10 To gain further insight into SCCOT in

young patients and enable identification of those with poor progno-

sis and in need of more individualized treatment, we used next‐gen-
eration sequencing to investigate both gene expression profiles and

genomic features in tumors from young and elderly patients and

evaluated the correlation between molecular pattern and clinical out-

come.

2 | MATERIALS AND METHODS

2.1 | Patients and samples

In order to provide a clear‐cut distinction for age classification, we

considered patients aged ≤40 years at diagnosis as young and

≥50 years as elderly. Four young and five elderly patients with

varying clinical features of SCCOT that were treated at Norrland's

University hospital (NUS) were investigated. One patient (age 42),

not grouped as young or elderly, was included for sequencing but

not analyzed for age‐related correlations. Tumor tissue, matched

tumor‐free tongue tissue from the opposite side of the tumor,

and/or blood samples were collected. Patient characteristics and

samples are shown in Table 1. The study was approved by the

Regional Ethics Review Board, Umeå, Sweden (Dnr 03‐201 and

Dnr 08‐003 M) and performed in accordance with the Declaration

of Helsinki. Written informed consent was obtained from all

patients.

2.2 | DNA/RNA isolation

Biopsies were fresh frozen in liquid nitrogen and stored at −80°C.

AllPrep DNA/RNA/miRNA Universal Kit (Qiagen, Hilden, Germany)

was used to isolate DNA and RNA. For the blood samples, fractions

of plasma, buffy coat, and red blood cells were prepared and stored

at −80°C. Buffy coat DNA was extracted using the illustra Nucleon

Genomic DNA Extraction kit (GE Healthcare, UK). Quantity and

purity of DNA/RNA was measured using a NanoDrop ND‐1000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). DNA

quality was confirmed by gel electrophoresis and RNA quality by

Agilent RNA 6000 Nano kit (Agilent 2100 Bioanalyzer, Agilent Tech-

nologies, Santa Clara, CA, USA).

2.3 | RNA sequencing (RNA‐Seq) and data analysis

RNA samples from tumor and tumor‐free tongue tissues were

subjected to RNA‐Seq at Otogenetics (Otogenetics Corporation,

Atlanta, GA, USA) or Novogene (Novogene Bioinformatics Insti-

tute, Beijing, China). Sequencing libraries were generated using

The Illumina TruSeq Stranded Total RNA Library Preparation Kit

(Illumina, San Diego, CA, USA) or the NEBNext Ultra Directional

RNA Library Prep Kit (NEB, Ipswich, MA, USA), respectively. RNA‐
Seq alignment, assembly, and differential gene expression were

carried out using HISAT2, StringTie, and Ballgown.11 Sample simi-

larity in gene expression profiles was compared by performing

principal component analysis (PCA). Human papillomavirus (HPV)

infection was assessed by HPVDetector using whole‐transcriptome

data.12

2.4 | Whole‐exome sequencing (WES) and data
analysis

DNA samples were subjected to WES at Otogenetics or Novogene,

and the Agilent SureSelect Human All Exon kits (V5 or V6, respec-

tively; Santa Clara, CA, USA) were used to capture exome regions.

Somatic single nucleotide variations (SNVs) were identified using

MuTect (v.1.1.7) and called according to the filter parameter PASS.13

Whenever available, paired blood sample was used as germline refer-

ence. Otherwise, the matched tumor‐free tongue sample was used

to identify somatic SNVs in the tumor sample. To reduce false‐posi-
tive calls, variants were filtered out if coverage <30 and an alternate

allele read depth <5. Common variants with minor allele frequency

>0.1% reported in the 1000 genomes, dbSNP common, ESP6500,

ExAC, or CG46 databases were also removed.

Somatic copy number variation (CNV) analysis was conducted

using the EXCAVATOR2 tool.14 Whenever available, paired blood

sample was used as germline reference (paired mode). Otherwise,

the matched tumor‐free tongue sample (paired mode) was used.

Log2R was denoted as the log‐transformed copy number ratio

between tumor and control samples. A segmentation log2R value 0

indicates normal diploid status. To measure CNV burden, fraction of

copy number‐altered genome (FCA) was calculated by dividing the

number of bases in segments with mean log2R >0.2 or <−0.2 by

the number of bases in all segments.15

Germline single nucleotide polymorphisms (SNPs) and insertions/

deletions (indels) were identified using GATK HaplotypeCaller (ver-

sion 4.0).16 Variants with at least 5 counts of the alternate allele and

an alternative allele frequency of at least 20% were identified. Of

these, we filtered out variants with >0.05% allele frequency in the
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1000 genomes, dbSNP common, ESP6500, ExAC, or CG46

databases. Based on the latest curated list of 152 cancer predisposi-

tion genes,17 we further selected for potential cancer predisposing

truncation and missense variants.

2.5 | The cancer genome atlas (TCGA) data
collection and analysis

TCGA has studied 528 patients with SCCHN, including 133

patients with SCCOT. Thirteen SCCOT patients were young (19‐
40 years), and 102 were elderly (50‐90 years). Clinical information,

somatic SNV, and CNV data (in terms of FCA) were downloaded

using cBioPortal.15 In the TCGA data, overall survival time was

unknown for one young SCCOT patient and CNV data were not

available for three elderly patients. The effect of CNV on overall

survival was estimated by Kaplan‐Meier and correlations between

CNV and clinical outcome in young and elderly patients were

determined by Fisher's exact test using IBM SPSS statistics 23.

P < 0.05 was considered significant.

3 | RESULTS

3.1 | Overview of transcriptomes in tumor and
tumor‐free tongue samples

RNA‐Seq data were analyzed to study gene expression profiles (both

coding and non‐coding RNAs) in tumor and matched tumor‐free ton-

gue samples. Principal component analysis (PCA) clearly separated

tumor‐free and tumor samples (Figure 1). As SCCHN genetic profiles

and prognosis differ according to HPV status,18 we investigated

HPV infection using HPVDetector. In keeping with previous reports

from SCCOT,19 no sign of HPV was seen. Comparing tumors

between young and elderly patients, no age‐specific transcriptional

profiles were identified.

3.2 | Somatic single nucleotide variations (SNVs)

Somatic SNVs in tumors from 10 patients were identified by

MuTect. The number of identified SNVs in the tumor samples ran-

ged from 97 to 400. No correlation between variant number and

age was seen. The highest number of mutations was identified in

the youngest patient (p82), a former smoker with a T4aN0M0 tumor

and poor outcome. According to the list of cancer driver genes

found by 20/20+, TUSON, or MutsigCV,20 several cancer driver

mutations were identified (Table 2). Gene ontology analysis showed

that these genes were enriched in chromatin organization and nega-

tive regulation of cell proliferation. Compared to previous reports

and the elderly patients studied here, no driving events were specific

for the four young patients, or related to clinical outcome.

TABLE 1 Clinical data of patients with squamous cell carcinoma of the oral tongue (SCCOT)

No. ID Gender Age at diagnosis Smoking history Locationa TNM Follow‐up months Status Samples

1 p35 Female 24 Non‐smoker 2 T2N0M0 13 Dead T, TF

2 p82 Female 19 Former Smokerb 1 T4aN0M0 18 Dead T, BL

3 p98 Male 31 Non‐smoker 3 T2N0M0 62 Alive T, TF,BL

4 p111 Female 31 Smoker 2 T1N0M0 53 Alive T, TF,BL

5 p119 Male 67 Non‐smoker 2 T2N0M0 47 Alive T, TF,BL

6 p124 Male 55 Unknown 1, 3 T4N2bM0 3 Dead T, TF,BL

7 p137 Female 71 Non‐smoker 2 T2N0M0 38 Alive T, TF,BL

8 p149 Female 69 Former smokerc 2 T1N0M0 18 Deadd T, TF,BL

9 p154 Female 42 Unknown 4 T1N1M0 28 alive T, TF,BL

10 p212 Male 52 Non‐smoker 1, 5 T4aN2bM0 5 alive T, TF,BL

BL, Blood; T, Tumor; TF, Tumor‐free tongue.
a1 = Tongue; 2 = Border of tongue; 3 = Overgrowth into floor of mouth; 4 = Ventral side of tongue; 5 = Base of tongue.
bSmoked for 1 y, stopped 3 y before the tumor was diagnosed.
cStopped smoking 20 y before the tumor was diagnosed.
dDied from another disease.

F IGURE 1 Gene expression profiles in tumor and tumor‐free
tongue samples from ten patients with SCCOT. Principal component
analysis (PCA) revealed distinct gene expression profiles in tumors
(blue triangle) compared to tumor‐free controls (orange circle).
Overall, gene expression profiles in tumors from young patients
(patient ID in red) were similar to those from older patients
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3.3 | Somatic copy number variations (CNVs)

Based on segmented WES data by EXCAVATOR2, broad level CNVs

(length >50% of a chromosome arm) were found in the tumor sam-

ples of two young patients, p35 and p82, including loss of 3p and

8p and gain of 3q, 5p, and 8q, typical for SCCHN,18 whereas no

broad level CNV was found in the other two young patients (p98

and p111) (Figure 2). CNV burden, calculated as the fraction of copy

number‐altered genome (FCA), showed that only 0.4% and 0.2% of

the tumor genomes from p98 and p111 showed changes in copy

number, respectively. All tumor samples from elderly patients

showed broad level CNVs (Figure 2). CNV burden (measured as

FCA) in tumor samples is shown in Table 2.

3.4 | Correlation between CNV and clinical
outcome

High levels of CNV were seen in tumors from the two young

patients with poor outcome (p35 and p82), whereas low tumor

CNV burdens were present in the two patients with better out-

come (p98 and p111) (Table 2). Patient 35 died from disease with

brain metastasis 13 months after treatment and patient 82 from

disease 18 months after treatment. In contrast, p98 and p111

showing low‐CNV levels were alive without any sign of disease at

62 and 53 months of follow–up, respectively. To investigate the

correlation between CNV levels and clinical outcome further, data

from TCGA were analyzed using the same age criteria (patients

TABLE 2 Summary of data in patients with SCCOT

Studya ID
Age‐
groupb

Somatic variants in tumor samples

Germline SNVs in
cancer predisposition
genes Clinical outcome

CNV burden
(measured
as FCA)

SNVs in cancer
driver genes

TCGA TCGA‐CR‐7393 Young 0.000 TP53 NA Better

TCGA TCGA‐CR‐7391 Young 0.000 MORC4 NA Better

NUS p111 Young 0.002 AMOT, BRWD3, KMT2E, ZNF268 BRCA1 Better

NUS p98 Young 0.004 CTNNB1, HERC4, KMT2D ERCC2, EXT1 Better

TCGA TCGA‐BA‐A6DB Young 0.025 TP53 NA Worse

NUS p154 0.05 ABCA7, DHX15, RIMS2, SPEN, TP53 RET Better

TCGA TCGA‐CN‐A640 Young 0.093 ATRX, CDKN2A, FAT1,

TP53, RAC1, BCL9, TARDBP

NA Worse

NUS p119 Elderly 0.102 ATM, JAK2, KRT15, TP53, UBR5 ND Better

TCGA TCGA‐H7‐A6C4 Young 0.118 CDKN2A, TP53, GATA3,

USP28, XPO1, BIRC6, WDR33

NA Worse

NUS p212 Elderly 0.123 GNPTAB, KDM5C, KMT2D,

PIK3CA, TGFBR2, TP53, TRIP12

ND NA

TCGA TCGA‐BA‐6873 Young 0.143 CASP8, CDKN2A, IDH1, TP53,

CCAR1, EPHA2, NOTCH1, CSMD3

NA Worse

NUS p149 Elderly 0.165 INPPL1, MED12 ND Worse

NUS p82 Young 0.17 CDKN2A, FAT1, TP53 ND Worse

TCGA TCGA‐CV‐7180 Young 0.213 CDKN2A, TP53 NA Worse

TCGA TCGA‐CV‐5979 Young 0.240 TP53 NA Better

TCGA TCGA‐MT‐A51X Young 0.253 ARID1B, BCLAF1 NA Better

TCGA TCGA‐CQ‐7065 Young 0.288 TP53 NA Worse

NUS p137 Elderly 0.298 CDKN2A, FLT3, TP53 RAD51C Better

TCGA TCGA‐CV‐7255 Young 0.303 CDKN2A, TP53, CHD8, SOX9,

BRWD3, CSMD3, HLA-B, LYN

NA Worse

NUS p124 Elderly 0.32 CDKN2A, SMAD3, TP53 ND Worse

TCGA TCGA‐CV‐A465 Young 0.379 CDKN2A, TP53, NOTCH1 NA Worse

TCGA TCGA‐CN‐4737 Young 0.512 TP53, KMT2D NA Better

NUS p35 Young 0.447c ARID2, CHRDL1, FGFR1, RB1, TP53 NA Worse

CNV, copy number variation; FCA, fraction of copy number‐altered genome; NA, not available; ND, not detected; SNV, single nucleotide variation.
aNUS (10 SCCOT patients treated at Norrland's University Hospital), TCGA (13 young SCCOT patients in the TCGA study).
bYoung (19‐40 y), Elderly (50‐90 y).
cFCA derived from comparison with tumor‐free tongue. Patients are listed according to increasing CNV burden in tumor.
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aged ≥50 years were considered elderly, and those ≤40 years

were classified as young). Based on the estimate that 4.8% of the

human genome can be variable,21 an FCA value >0.05 (5% of the

copy number‐profiled genome) was defined as high CNV and

≤0.05 as low CNV. First, we looked at the whole group of

SCCHN, showing no significant correlations between CNV burden

and overall survival using log‐rank test (Figure 3, upper panel).

When looking at SCCOT only and combining SCCOT data from

TCGA with our SCCOT data (ALL‐SCCOT), significantly better

overall survival was seen in young SCCOT patients with low CNV

(n = 5) compared to young patients with high CNV (n = 11)

(P = 0.044) (Figure 3, lower panel). Even if the total number of

young patients analyzed is low, no young patient with low‐CNV

levels had died, whereas for elderly patients, no significant differ-

ence in overall survival was seen between patients with low‐ and

high‐CNV burden. Considering patients alive without tumor after

2 years as having better clinical outcome, we found that low CNV

correlated with better clinical outcome in young (P = 0.017,

Fisher's exact test), but not elderly patients with SCCOT

(P = 0.595).

3.5 | Pathogenic germline variants

No blood sample was available from one young patient (p35), and

thus, germline variant calling was conducted for nine blood samples.

Five pathogenic germline variants were identified in four patients

(Table 2). One young patient (p98) harbored missense variants in

ERCC2 and EXT1, and a missense variant in BRCA1 was detected in

another young patient (p111). Patient 154 (aged 42 years) contained

a missense variant in RET and a truncated variant in RAD51C was

identified in patient 137, the oldest patient in this study. Of these,

EXT1 has been reported as a tumor suppressor22 and RET as a

proto‐oncogene.23 The other three genes with germline variants are

tumor suppressor genes involved in various DNA repair pathways

and the most frequently identified germline variants across different

cancer types.24

4 | DISCUSSION

SCCHN traditionally arises in older men with a history of smoking

and alcohol use. Epidemiological studies demonstrate an increasing

incidence in younger patients, particularly for SCCOT.4 In view of

their younger age and non‐smoking and none or low alcohol using

status, distinct tumorigenic mechanisms are likely involved in young

patients, which may include oncogenic viral infection, an altered

oral microbiome, changes in dietary constituents, environmental

exposure to an unknown mutagen, or an inherited genetic polymor-

phism that increases risk.25,26 However, despite decades of

research, no conclusive results have been obtained.5 A recent WES

study on young (<45 years) and old (>45 years) SCCOT patients

showed striking similarities between the two groups, with similar

mutations and copy number changes,6 findings in accordance with

our present results. The failure to identify a unique cause for

SCCOT in the young suggests that it is not a distinct tumor type

with a distinct etiology.6 With the aim of seeking a tool for

F IGURE 2 Somatic copy number variations (CNVs) analyzed by EXCAVATOR2. Circos plot showing the segmented data of 10 tumors. Each
ring represents one tumor sample with corresponding patient ID. Copy number gains are marked in red, and copy number losses are marked in
green. Young patients (≤40 y) (p35, p82, p98 and p111) and one patients aged 42 y (p154) are shown in the left circle. In the right circle, data
from the 5 elderly patients (aged ≥ 50 y) (p119, p124, p137, p149, and p212) are shown
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pinpointing young patients with poor prognosis and thus in urgent

need of more aggressive and individualized treatment, we here

characterized in depth four young patients with varying clinical fea-

tures, with five elderly patients, also with varying clinical features,

as comparison.

Looking at genomic variants across tumor samples, we noticed

that two young patients showing high‐level CNV had both died

rapidly from their disease, prompting us to investigate whether

these genomic characteristics had prognostic impact. Incorporating

patient data from TCGA with our findings, we could include

another 12 young and 99 elderly patients with survival data and

could clearly show that high‐CNV burden predicted poor prognosis

in young patients only. Tumor CNV burden as a prognostic factor

has previously been suggested in various cancers, including

SCCHN,18,27-30 but not in connection with patient age. Here, for

the first time, we showed that overall tumor CNV burden provides

prognostic information specifically for young patients with SCCOT.

Even if the total number of young patients is limited, data clearly

show all young patients with low‐CNV burden to be alive. The dif-

ference in CNV burden and prognosis between young and elderly

patients might reflect a combination of aging‐ and tumor‐related
mechanisms that regulate genomic alterations. Thus, the impact of

type of genomic abnormalities clearly differs between young and

elderly patients.

In conclusion, our data have uncovered the transcriptomic

and genomic features of young patients in comparison with

elderly/traditional SCCOT patients. With additional data from

TCGA, we convincingly show that the prognostic value of tumor

CNV burden differs between young and elderly patients. The

connection between CNV burden and prognosis seen in young

patients pinpoints an important feature in young patients

affected by SCCOT, with promising clinical impact on the identi-

fication of young individuals with poor prognosis that should be

considered for more aggressive management and closer

follow‐up.
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