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ABSTRACT

Background: Genomic profiling is increasingly used both in therapeutic decision-making and as inclu-
sion criteria for trials testing targeted therapies. However, the mutational landscape may vary across
different areas of a tumor and intratumor heterogeneity will challenge treatments or clinical decisions
based on single tumor biopsies. The purpose of this study was to assess the clinical relevance of gen-
etic intratumor heterogeneity in head and neck squamous cell carcinomas (HNSCC) using the ESMO
Scale for Clinical Actionability of Molecular Targets (ESCAT).

Materials and methods: This prospective study included 33 whole tumor specimens from 28 patients
with primary or recurrent HNSCC referred for surgery. Three tumor blocks were selected from central,
semi-peripheral, and peripheral positions, mimicking biopsies in three different locations. Genetic ana-
lysis of somatic copy number alterations (SCNAs) was performed on the three biopsies using
Oncoscan, focusing on 45 preselected HNSCC genes of interest. Clinical relevance was assessed using
the ESCAT score to investigate whether and how treatment decisions would change based on the
three biopsies from the same tumor.

Results: The SCNAs identified among 45 preselected genes within the three tumor biopsies derived
from the same tumor revealed distinct variations. The detected discrepancies could potentially influ-
ence treatment approaches or clinical decisions in 36% of the patients if only one tumor biopsy was
used. Recurrent tumors exhibited significantly higher variation in SCNAs than primary tumors
(p=.024). No significant correlation between tumor size and heterogeneity (p =.7) was observed.
Conclusion: In 36% of patients diagnosed with HNSCC, clinically significant intratumor heterogeneity
was observed which may have implications for patient management. This finding substantiates the
need for future studies that specifically investigate the clinical implications associated with intratumor
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heterogeneity.

Background

Intratumor heterogeneity in head and neck cancer has previ-
ously been described [1-4], but studies addressing the clin-
ical consequences of intratumor heterogeneity when using
standard genomic diagnostics are lacking. We have previ-
ously reported substantial intratumor heterogeneity in PD-L1
expression, as measured by immunohistochemical assays,
which has had direct implications for the management of
patients with head and neck squamous cell carcinoma
(HNSCC) [5]. The purpose of this study was to investigate the
effects of the exact site from which the tumor biopsy was
taken on the results from genomic diagnostics. Additionally,
the study sought to determine whether treatment or enroll-
ment in clinical trials testing targeted therapy would vary
depending on the biopsy site. Thus, we aimed to detail the

practical clinical consequences of intratumor heterogeneity
in a genomic medicine setting.

HNSCC constitutes a diverse disease concerning progno-
sis, genetics, and tumor biology [6-9]. Biological variability
exists between patients, within each patient, and within each
tumor [10]. Intratumor heterogeneity has been documented
in various cancer types, including HNSCC. This study primar-
ily centers on genetic heterogeneity, although other factors
such as epigenetics and transcriptomics can also influence
heterogeneity [11-14].

Intratumor heterogeneity is manifested through variations
in the mutational landscape across different areas of a tumor,
potentially undermining the effectiveness of targeted thera-
pies when relying solely on diagnostics from single biopsies
[1,15-17]. This heterogeneity stems from distinct genetic
subpopulations of cancer cells within the same tumor and
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can exist across various tumor regions or evolve over time
[6,7]. Heterogeneity arises as a consequence of mutation,
selection, and adaptation. Diagnostic methods, including ana-
lysis of somatic copy number alterations (SCNAs) [18] and
immunohistochemistry (IHC) [19] of cancer-related biomarkers,
can determine heterogeneity. Molecular profiling of tumors
through SCNA analysis, which encompasses deletions or ampli-
fications, can offer insights into intratumor heterogeneity and
contribute to identifying eligible patients for targeted therapy
[18,20]. Prior studies have focused on the genetic landscape of
HNSCGs, initiating the identification of novel potential targets
and targeted treatment alternatives for patients [1,8,9,21].
Understanding the biological drivers of cancer will lead to per-
sonalized cancer treatment [21-23] and has motivated the
development of frameworks such as the ESMO Scale for Clinical
Actionability of Molecular Targets (ESCAT) [14,15].

However, heterogeneity presents a challenge for targeted
treatment, as obtaining serial biopsies is seldom feasible, thus
limiting the potential to detect inter- or intra-tumoral hetero-
geneity and to monitor tumor evolution and treatment
response. Conversely, if heterogeneity is limited a single biopsy
might be sufficient for diagnosis and patient stratification. In
this study, we assessed the clinical relevance of genetic intratu-
mor heterogeneity in HNSCC using the ESCAT scale [24,25].

Material and methods
Patient cohort

This prospective study included patients with primary or
recurrent HNSCC referred for surgery with curative intent
[26]. All patients were scanned with an integrated PET/MRI
scanner (Siemens Biograph mMR) before surgery using the
PET tracer 18F-fluorodeoxyglucose (FDG). The specimens
were scanned with a 3D MRI, and each specimen scan was
co-registered with the patient scan, as described in detail
elsewhere. The data for this study was collected in a previous
investigation [26]. All tumors were removed en bloc and
tumor specimens were fixed in formalin. From each tumor
specimen, three tumor blocks were selected for sampling
mimicking biopsies in three different locations, as illustrated
in Figure 1. Biopsy 1 was taken centrally in the tumor; biopsy
2 was taken in the semi-periphery of the tumor; and biopsy
3 was taken in the periphery of the tumor, either on the
same side as the semi-peripheral biopsy or on the opposite
side. The study was approved by the local ethics committee
approval number H-16049387, and the protocol was pub-
lished on clinicaltrials.gov (ID number NCT03160495).

Genetic analysis

DNA from FFPE-embedded tissue slides was extracted using
GeneRead DNA FFPE Kit using QiaCube (Qiagen) according
to the manufacturer’s instructions [27]. The genetic analyses
were performed using OncoScan™ CNV Plus Assay, Applied
Biosystems™, Thermo Fisher Scientific [18], which is a robust
assay designed for formalin-fixed paraffin-embedded (FFPE)
material and provides information about genome-wide SCNA

and selected hotspot mutations [28]. Sixty-four hotspot
mutations from nine genes are detectable by OncoScan
(Table 1, Supplemental), that is, EGFR, PIK3CA, PTEN, NRAS,
KRAS, BRAF, IDH1, IDH2, and TP53. The OSCHP files gener-
ated by Oncoscan were processed by NEXUS software
(BioDiscovery). The data was presented as LogR ratios of
probe densities and as major and minor allele frequencies.
These were used to assess SCNA, e.g., deletion, loss of het-
erozygosity (LOH), and amplification. The assay has a 50-
100 kB copy number resolution. Somatic copy number altera-
tions were used to determine the subclonal composition of
the specimens and to draw dendrograms. Specifically, sam-
ples were clustered by similar aberration profiles using clus-
tering algorithms (Average Linkage, nomclust [29]).

These assays are highly sensitive to SCNA, also from for-
malin. However, they lack the capability for high-throughput
analysis at a clinical-grade level. The data was therefore
manually analyzed and curated by an expert in clinical diag-
nostics. Forty-five HNSCC-relevant genes were selected for
this analysis (Table 2, supplemental). Eight of the 45 genes
were chosen based on their association with cancer-related
IHC biomarkers [26]. The eight genes along with the IHC bio-
marker they are associated with are: CD274 (PDL1), MKI67
(KI-67), SLC2A1 (GLUT1), VEGF (VEGF), Bcl-2 (Bcl-2), CalX
(CAIX), EGFR (EGFR), and TP53 (TP53). Three of the 45 genes
were selected based on their inclusion in a biomarker related
to HNSCC, and these three genes, IKZF3, ARHGAP26, and
CACNA1D, appear to be the most important [30]. The
remaining genes were selected based on literature; genes
were selected if they were reported in multiple studies
regarding HNSCC e.g. studies from The Cancer Genome
Atlas (TCGA) [9,21,22]. We specifically emphasized genes with
biological relevance to HNSCC, that is, whether the genes
frequently exhibited mutations or SCNA. The investigation of
cancer-related IHC biomarkers has been thoroughly explored
in preceding studies [26]; consequently, this research did not
incorporate an examination of these particular biomarkers.

The differences in SCNA between the three biopsies were
illustrated with figures, grouped by patient number, biopsy
location, and type of change in aberration. To assess the clin-
ical relevance and implications of the differences in SCNA
between the three biopsies reported in this study, the ESCAT
scoring system, which aims to provide terminology and
framework based on tiers into which current and future
therapeutic targets may be assigned, was used to reflect
their clinical relevance when selecting targeted treatment
therapies for patients. ESCAT is a standardized tool designed
to assess the clinical significance of molecular alterations in
cancer patients. It enables oncologists to categorize these
alterations into tiers, guiding treatment decisions and per-
sonalized therapy selection. The assignment of tiers to a tar-
get is based on the strength of evidence from clinical
studies. ESCAT ranges from Tier |, indicating high clinical util-
ity, to Tier X, indicating a lack of evidence. These tiers are
defined based on factors such as the availability of targeted
therapies, clinical trial evidence, and the level of scientific
support for the association between the molecular alteration
and the specific cancer type. For instance, Tier | alterations
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Figure 1. lllustration of the pathological sectioning. This figure illustrates the pathological sectioning of the tumor specimen. The red lines indicate the locations of
biopsies taken from block 1 (central), block 2 (semi-peripheral), and block 3 (peripheral). The top panels depict the specimen, with the black contour delineating
the tumor tissue and the area where biopsies for genetic analyses were performed. Distances between the biopsies are indicated for reference.

are associated with FDA-approved therapies for the same
cancer type, while Tier X alterations may have limited or no
supporting evidence [24,25].

To test the hypothesis that genetic dissimilarities or muta-
tional burden increase with tumor size, the correlation
between tumor volume defined from imaging with PET/MRI
and the number of SCNA in the respective biopsies was
assessed using Spearman correlation. The tumor volume was
defined on anatomical MRI and FDG PET images by a radi-
ologist and specialist in nuclear medicine. The Wilcoxon test
was used to determine if the occurrence of SCNA was higher
in recurrent tumors than in primary tumors. Statistical analy-
ses were performed using SPSS version 25 and R version
4.1.2. Sinaplots [31], and boxplots were used to visualize the
number of SCNA between the three different biopsy loca-
tions and between the number of SCNA in recurrent tumors
and primary tumors.

Results
Patients

Twenty-nine patients were eligible for inclusion. However,
one patient had to be excluded because the specimen frag-
mented during histologic processing, leaving 28 patients
with a total of 33 HNSCC tumor specimens for inclusion.
From each of the 33 tumors, three tumor blocks were
selected mimicking clinical biopsies in three different

Table 1. Patient characteristics.

Patient characteristics Value
Age

Median 63
Range 50-80
Sex

Male 16
Female 12
Tumor subsite

Oral cavity 16
Oropharynx 4
Hypopharynx/larynx 3
Maxillary sinus 2
Lymph node 3 (+5)°
pi16

Negative 26
Positive 2°
Recurrence

Yes 10
No 18
Smoking

Never 3
Former 15
Current 10

“Five patients had both a primary tumor and a lymph node metastasis.

POne of the patients with a tumor in the oropharynx was p16 positive, and
one of the three patients with only a lymph node metastasis was p16
positive.

locations yielding a total of 99 biopsies available for analysis,
and where one analysis failed. The mean distances between
biopsies within each of the 33 tumors were calculated, and
the overall mean distance between biopsies, averaged across
all tumors, was 15.25 mm. Patient and tumor characteristics
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can be seen in Table 1. Sixteen patients were male, twelve
were female, and the median age was 63years (range 50-
80). Of the 28 patients, 18 had a primary tumor and 10
patients had recurrent tumors. For all 10 cases with recur-
rence, the patient’s initial primary tumor treatment consisted
of radiotherapy and in four of these chemotherapy with
Cisplatin was also given. Sixteen patients had a tumor in the
oral cavity, three in the hypopharynx/larynx, four in the oro-
pharynx, and two patients had a tumor in the maxillary sinus
invading the oral cavity. Three patients had only a lymph
node metastasis and material from primary tumors was not
available in these three patients. In five patients with both a
primary tumor and a lymph node metastasis both tumors
were analyzed.

Genetic results

Figure 2 depicts the analysis of SCNA in the 45 preselected
genes across all biopsies in the 33 tumors and illustrates that
different SCNA were found between the three biopsies from
the same tumor (Figure 2). 15% of the tumors (5/33 tumors)
had no differences in SCNA between the three biopsies. Of
the five patients with homogenous tumors, two had a tumor
in the oral cavity; one had a tumor in the oropharynx; and
two had lymph node metastasis. Only one of the five
patients with homogenous tumors had a recurrent tumor. In
the remaining 28 tumors, differences were found in one or
more genes among the three biopsies, indicating that intra-
tumor heterogeneity was detected in 85% of the tumors.
The genes that are most frequently altered, as per the TCGA

[9], and can also be detected by Oncoscan, were analyzed
for the frequency of genetic alterations. The EGFR gene had
relevant genetic alterations in 7.1% of the patients, SMAD in
53.4%, PTEN in 21.4%, PIK3CA in 10.7%, MYC in 7.1%,
CDKN2A in 53.4%, NOTCH1 in 10.7%, and TP53 exhibited
mutations in 25%, which is consistent with previous studies
in the literature [9,32-39].

Genomic diversity across tumor regions

The number of SCNAs did not differ between the three biopsy
locations (central and semi-peripheral; central and peripheral;
semi-peripheral and peripheral) (Figure 3 panel A) and there
was only a small variation in types of SCNAs between the
three different biopsy locations (Supplemental Figure 1).
However, recurrent tumors had significantly more SCNA than
new primary tumors (p = 0.024, Wilcoxon) (Figure 3 panel B).
Figure 4 illustrates the type of change between the biop-
sies taken from the same tumor. Comparing the three biopsy
locations for each gene the amounts of new, lost, and
changed aberrations are distributed quite evenly (Figure 4).
Comparing the central and semi-peripheral biopsies, 6 had a
changed aberration, 36 had a lost aberration, and 27 had a
new aberration. Comparing the central and peripheral biop-
sies, 11 had a changed aberration, 68 had a lost aberration,
and 23 had a new aberration. Finally, comparing the semi-
peripheral and peripheral biopsies, 12 had a changed aberra-
tion, 62 had a lost aberration, and 26 had a new aberration.
In line with this, there was no significant correlation between
tumor volume, as determined by PET/MRI, and the numbers
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Figure 2. lllustration of SCNAs detected in 45 preselected genes in biopsies from the 33 tumors. The Y-axis depicts the 45 preselected genes and the X-axis depicts
the biopsies grouped and ordered by patient number. At the bottom, sample numbers are visible. The three entries for each tumor correspond to the three biopsy
positions: the central biopsy is labeled as 1, the semi-peripheral biopsy as 2, and the peripheral biopsy as 3. Primary tumors and lymph node metastases are indi-
cated with P and L respectively. The color bar to the right displays the actual aberration in the specific gene. Abbreviations. A: amplification; D: deletion; LOH: loss
of heterozygosity; NO: none observed. The genes above the dashed horizontal line correspond to Table 2 and the results marked with a circle indicate clinically

relevant heterogeneity in genes in Table 2 as well.
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Figure 3. Sinaplots and boxplots illustrate differences in numbers of SCNAs. The Y-axis depicts the number of SCNAs and the X-axis depicts the biopsy location (left panel)
or the primary versus recurrent disease (right panel). Each dot in both panels represents one of the biopsies. The left panel depicts the number of SCNA in a biopsy, grouped
by the biopsy location in the tumor (central, semi-peripheral, and peripheral). The right panel depicts the number of SCNA in a biopsy, grouped by new primary and recur-

rent disease.
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Figure 4. lllustration of the type of change in SCNAs between the three biopsies. The Y-axis depicts the 45 preselected genes and the X-axis depicts biopsies from primary
tumors grouped by biopsy location (central and semi-peripheral; central and peripheral; semi-peripheral and peripheral). At the bottom, sample numbers are visible. Left: the
differences between central and semi-peripheral biopsies amount to 6 changed aberrations, 36 lost aberrations, and 27 new aberrations. Middle: the differences between cen-
tral and peripheral biopsies: 11 changed, 68 lost, and 23 new aberrations. Right: the differences between semi-peripheral and peripheral biopsies: 12 changed, 62 lost, and 26
new aberrations. The color bar to the right depicts the type of aberration. Abbreviations. A: amplification; D: deletion; LOH: loss of heterozygosity; NO: none observed.

of SCNA in the respective biopsies (p=0.7; tested with
Spearman Rank correlation).

ESCAT scoring

The ESCAT scoring system was used to assess clinical rele-
vance and to illustrate the potential implication of taking a

biopsy in one place versus another. In total, 7 genes with
heterogeneity in SCNAs or hotspot mutations were assessed
to potentially predict response or lack of response to tar-
geted therapies according to ESCAT. The genes include
PIK3CA, FBXW7, EGFR, FGFR1, CD274 (PD-L1), PTEN, and
TP53. Differences in SCNA or hotspot mutations in genes
that potentially could influence the use or choice of targeted
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Table 2. ESCAT score of assessable SCNAs and hotspot mutations with relevant findings in the current population.

Genomic alteration ESCAT score Drug Heterogeneity # tumor Reference
PIK3CA Amplification® 1B PIK3i None [24]
FBXW7 Deletion/LOH IVB GAKi 20 (L) [40]
5
7
27
EGFR Amplification 1A EGFRi 2 [41]
FGFR1 Amplification A FGFRi 13 (P) [42]
CD274 Amplificationb B Immune checkpoint inhibitor 5 [43]
(PD-L1) Deletion/LOH 20 (L)
24
PTEN Deletion/LOH A Resistance to EGFR mAB 1 [44]
Inactivation hotspot mutation 20 (L)
21
3(hotspot mutation R159S)
TP53 Y220 C hotspot mutation 1B PC14586 2 (hotspot mutation Y220C) [45]

“Intertumor heterogeneity between primary tumor (P) and lymph node metastasis (L) in tumor 20.
BIntertumor heterogeneity between primary tumor (P) and lymph node metastasis (L) in tumor 11.
Abbreviations. LOH: loss of heterozygosity; P: primary tumor; L: lymph node metastasis.

Table 3. The 10 tumors with heterogeneity in SCNAs and hotspot mutations
with potential clinical relevance and the implications for therapy.

Tumor # Gene with heterogeneity Potential therapeutic relevance
1 PTEN deletion Resistance to EGFR mAB
2 EGFR amplification Efficacy of EGFR targeted
therapy
TP53 Y220C Efficacy of TP53 Y220Ci
3 Inactivating PTEN Resistance to EGFR mAB
mutation (R159S)
5 FBXW?7 LOH Efficacy of GAKi
PD-L1 amplification and LOH Efficacy or lack of efficacy,
respectively, of immune
checkpoint inhibitor
7 FBXW?7 deletion + LOH Efficacy of GAKi
13(P) FGFR1 amplification Efficacy of FGFR1i
20(L) FBXW?7 deletion Efficacy of GAKi
PD-L1 deletion Lack of efficacy of immune
checkpoint inhibitor
PTEN LOH Resistance to EGFR mAB
21 PTEN deletion + LOH Resistance to EGFR mAB
24 PD-L1 deletion 4 LOH Lack of efficacy of immune
checkpoint inhibitor
27 FBXW?7 LOH Efficacy of GAKi

Abbreviations. LOH: loss of heterozygosity; P: primary tumor; L: lymph node
metastasis.

therapy were observed in 36% of the patients (10/28
patients; 10/33 tumors), see Tables 2 and 3. For example,
analysis of the peripheral biopsy of tumor two would make
the patient a candidate for EGFR inhibitor treatment as
opposed to selecting the central or semi-peripheral biopsy
(Table 2, Figure 2), illustrating the clinical impact of genetic
intratumor heterogeneity.

Intertumor heterogeneity between tumor and
metastasis

Intertumor heterogeneity could be investigated in five of the
patients with both a primary tumor and a lymph node
metastasis (Figure 2 supplemental). Two of the four patients
with intertumor heterogeneity had assessable alterations
included in the ESCAT score. Examining biopsy samples from
primary tumor 20 could potentially categorize the patient as
a suitable candidate for PI3K inhibitor therapy. However, this
conclusion contrasts with the analysis derived from biopsy
samples obtained from lymph node metastases in the same

patient (Figure 2). Patient 11 also illustrates intertumor het-
erogeneity between the primary tumor and lymph node
metastasis. An investigation of biopsy samples from the
lymph node metastasis suggests that the patient could bene-
fit from an immune checkpoint inhibitor due to the amplifi-
cation in CD274. However, this inference diverges from the
analysis conducted on biopsy samples of the primary tumor
in the same patient, which lack amplification (Figure 2).

Discussion

While intratumor heterogeneity has been acknowledged and
characterized in various cancer types in past literature [1,15-
17,46,47], its implications remain underestimated, especially
given the growing preference for precision medicine in
oncology. The heterogeneity within individual tumors
presents a challenge that could hinder the development of
personalized cancer treatment [48], and the previous discus-
sions on the consequences of intratumor genomic hetero-
geneity in patients with oral squamous cell carcinoma
involved smaller patient cohorts and employed less sensitive
methods than the microarray technology utilized in our
study [49-51]. This study has focused on the potential clin-
ical consequence of intratumor heterogeneity on treatment
decisions based on single tumor biopsies, as performed in
normal clinical routines. The primary objective of this study
was to assess the implications of implementing targeted
treatments or patient stratification based on a single biopsy,
a scenario commonly encountered in daily clinical practice.
Out of the 33 whole tumor specimens, three tumor blocks
were chosen from distinct locations (central, semi-peripheral,
and peripheral) to simulate scenarios where alternative sites
might have been selected for biopsy.

In routine clinical contexts, single biopsies are extracted
from one location within tumors, serving as the basis for
decision-making regarding subsequent treatments. Choosing
a different biopsy location could yield varying findings and
impact treatment decisions. The absence of a consensus
regarding the formal estimation and reporting of tumor het-
erogeneity, both in general and clinical settings, continues to
pose challenges in the field of precision medicine. The
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ESCAT system aims to standardize and unify reporting in per-
sonalized medicine but is still undergoing improvement
[52,53]. Nonetheless, this study is an illustration of whether
genetic-level heterogeneity can have potential therapeutic
significance and whether there is heterogeneity in terms of
the variants included in ESCAT. For example, there are drugs
in development targeting FGFR1 (2019-004771-40) and
PIK3CA (2020-005057-24), and since these genes exhibit het-
erogeneity in our study (Table 3), one should exercise cau-
tion when performing biopsies and consider genetic-level
heterogeneity. This is because, with one biopsy, an individual
may be a candidate for a study, while with another biopsy,
they may not be.

The assessment of intratumor heterogeneity through
SCNAs could potentially have clinical implications for specific
targeted treatments in 36% of the patients included in this
study. This information is relevant in a clinical setting where
patients are stratified for treatments or trials based on bio-
markers and genetic profiling.

Regarding the genomic variation between the primary
tumor and lymph node metastasis, the results, for example,
demonstrated that biopsy samples from primary tumor 20
could potentially classify the patient as a suitable candidate
for PIK3 inhibitor therapy. However, this contrasts with the
analysis derived from biopsy samples obtained from lymph
node metastases in the same patient. Conversely, the lymph
node metastasis may benefit from a GAKi due to copy num-
ber loss in FBXW?7 (Figure 2). Based on the genetic findings,
one could therefore argue that a combination of drugs,
rather than a single agent, might be a more optimal choice.

The intratumor heterogeneity assessed with SCNA was
small. However, in many patients, a change in the type of
aberration between the three biopsies was observed, sug-
gesting a degree of genomic instability. This finding supports
the hypothesis that HNSCC is characterized by genomic
instability, which could lead to clonal diversity [1]. It might
be expected that a gradual shift from central to peripheral
focus would also continuously reveal an increasing number
of new mutations. Nevertheless, we found no pattern in
aberrations concerning location. Aberrations were both lost
and acquired in each direction, and based on our observa-
tions, clonal evolution cannot be confirmed. Even when con-
sidering the assay’s detection limits, the loss of aberrations
between tumor sites in the tumor still indicates a propor-
tional development in cellular composition that is not only
spatially accumulative in terms of the genetic aberrations we
observed.

There was a significant increase in the number of SCNAs
between new primary and recurrent tumors (Figure 3, right
panel). Causality between the number of genomic variants
and recurrence or vice versa remains unknown. However,
even though it is statistically significant, it is essential to bear
in mind that primary and recurrent tumors were not
matched pairs, and the interpretation should consider the
relatively limited numbers involved in this comparison.

Forty-five genes relevant to HNSCC were chosen and sub-
jected to manual analysis in this study. A potential concern
arises from the possibility that employing an alternative set

ACTA ONCOLOGICA 1837

of genes could lead to disparate outcomes, thereby under-
scoring a potential limitation of the research. Additionally,
the study is constrained by the limited sample size of
patients.

Tumor ecology provides a perspective on cancer biology,
emphasizing the complex interplay between cancer cells and
their surroundings. This approach has the potential to
enhance our understanding of cancer development, progres-
sion, and treatment strategies [54].

The current research emphasizes the complexity and
diversity that exists within individual tumors on a genetic
level. This fact has vast implications for diagnosis, prognosis,
and therapeutic strategies in oncology. The genomic variabil-
ity within tumors contributes significantly to the complexity
of precision medicine in oncology. Considering the results
reported here, it could be argued that a single biopsy might
not capture the complete mutational landscape of the
tumor, potentially affecting treatment decisions and inclusion
in clinical trials.

Conclusion

In the current study, the identified discrepancies have the
potential to influence treatment approaches or clinical deci-
sions in 36% of the patients if only a single tumor biopsy
was used. Within a clinical context, single biopsies extracted
from a specific location serve as the foundation for making
decisions about eventual treatment. Consequently, choosing
a different biopsy location could impact the treatment deci-
sion. We observed a greater number of SCNA in recurrent
tumors compared to primary tumors, yet we did not find any
association between tumor size and heterogeneity. This
underscores the significance of considering the potential
impact of intratumor heterogeneity in both research and
clinical application of targeted therapies.
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