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The advent of large scale genome characterization led 
to rapidly increasing knowledge of genetic landscapes of 
malignancies in recent years. Besides a difference in quantity 
of mutations between different entities, studies revealed 
as well a difference in the amount of mutations in varying 
locations of a single neoplastic lesion: the relation of private 
(only present in a single sample of a tumor) and common 
mutations (present in all tested samples of tumor) can vary 
markedly (1-3). A detailed knowledge of this intratumoral 
heterogeneity (ITH) is of high impact for clinical 
management of cancer patients, since biomarker driven 
therapies most frequently rely on the results of a single 
biopsy. This especially applies to esophageal squamous cell 
carcinoma (ESCC), since no targeted therapies could prove 
a benefit in survival for this entity so far (4). Several exome 
sequencing studies characterized mutational landscape of 
ESCC, but data on ITH were lacking so far (5-8).

Hao et al. performed a whole exome analysis of 51 
samples deriving from 13 cases with ESCC and revealed a 
substantial ITH with an average of 35.8% heterogeneous 
somatic mutations. The authors performed as well a 
methylation analysis of three patients and observed 
epigenetic phylogenetic trees to be mostly concordant with 
the genetic alterations, although private potential epigenetic 
tumor driving events were found as well.

In comparison to other solid malignancies, the amount of 
genetic ITH detected for ESCC can be regarded as modest: 
for example, the amount of ITH seems comparable to lung 
cancer, where 76% of common mutations were reported, 
but far lower than clear cell renal carcinoma, where 67% of 
non-synonymous somatic mutations were subclonal (3,9).  

Likewise, in prostate cancer and primary breast cancer, 
a  h igher  amount  of  ITH was  reported ,  whereas 
cholangiocarcinoma seems to have a lower ITH (2,10,11).  
The number of samples per case analyzed by Hao et al. 
(n=3–4) is within the range of most other studies where 
2–11 samples per case were analyzed. Notably, the observed 
degree of ITH is known to increase with the number of 
biopsies examined, which has to be kept in mind when 
comparing studies on ITH (3).

Besides genetic heterogeneity, Hao et al. characterized 
epigenetic alterations of ESCC as well: three patients 
were analyzed with a chip based methylation assay 
(Illumina HumanMethylation450 BeadChip) and the 
detected epigenetic changes were mostly in line with 
genetic mutations suggesting a parallel development. 
However, private hypermethylations of promoters of tumor 
suppressor genes were found as well. This is of interest, 
since most studies describing ITH focused on exome data 
and characteristics of epigenetic ITH in general are limited. 
These results point at the potential tumor driving impact of 
epigenetic alterations in oncogenic evolution and highlight 
the importance of comprehensive analyses including both 
genetic and epigenetic alterations. Especially in tumors 
with a low mutational burden (e.g., <1 mutation/mega base) 
such as reported for astrocytoma or neuroendocrine tumors 
of the small intestine, comprehensive characterization 
of epigenetic alterations will be important to investigate 
presence of potential tumor driving alterations (1,12). Of 
note, development of epigenetic diagnostic methods is 
still ongoing and new methods such as larger methylation 
chip arrays (e.g., Illumina Infinium MethylationEpic 
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Kit including >850,000 methylation sites) and RNA-seq 
are already available, which has to be considered in the 
interpretation of current epigenetic studies.

To interpret results of ITH studies, sampling methods 
have to be taken into account. In the study of Hao et al.  
3–4 samples with at least 0.5 cm distance were taken 
after surgery of ESCC and truncal/clonal mutations and 
branched/subclonal were assessed as early and late events 
in tumorigenesis, respectively. Thereby, the authors 
constructed phylogenetic trees to draft the temporal order 
of mutations and at least 88% of mutations were compatible 
with this model. Notably, all samples were obtained at once 
and comprehensive genomic data from chronological studies 
of ESCC including its potential precursor lesions such as 
chronic esophageal inflammation and esophageal dysplasia 
are lacking so far. In addition to the results of Hao et al., 
knowledge of the temporal evolution of the mutational 
landscape of precancerous lesions might have clinical 
relevance as well as it could help to perform a mutation-
based risk stratification in cases with known or potential 
precursor lesions of ESCC. For example, a recent study 
suggested a correlation of inflammation-associated genomic 
instability with esophageal carcinogenesis (13). Moreover, 
a sequencing study including sequentially obtained samples 
on esophageal adenocarcinoma (EAC) revealed a majority of 
recurrently mutated genes in EAC to be as well present in 
metaplastic but never dysplastic Barrett’s esophagus, while 
only mutations in TP53 and SMAD4 occurred stage-specific 
confined to high grade dysplasia and EAC (14). In addition, 
sequential mutational data will be interesting in correlation 
to clinical background such as exposition to known risk 
factors like abuse of alcohol and smoking as well as presence 
of germline polymorphisms in ALDH2 and CYP2A6 which 
could be linked to distinct mutational spectra in ESCC 
characterized by different proportions of CpG and APOBEC 
signatures (15). However, ESCC are usually diagnosed in 
an advanced stage and identification of high-risk groups for 
screening is difficult, especially in western countries where 
incidence of ESCC is markedly lower than in Asia (16,17). 
Moreover, endoscopic detection of potential pre-cursor 
lesions of ESCC is challenging (16,18).

In summary, Hao et al. report a substantial intratumoral 
genetic and epigenetic heterogeneity in ESCC which has 
to be considered in the design of biomarker driven targeted 
therapy trials. The future addition of comprehensive 
studies assessing genetic and epigenetic alterations in a 
chronological sequence will be of interest to chart the 
progress from its precursor lesions to invasive ESCC.

Acknowledgements

None.

Footnote

Conflicts of Interest: The author has no conflicts of interest to 
declare.

References

1.	 Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures 
of mutational processes in human cancer. Nature 
2013;500:415-21. 

2.	 Walter D, Döring C, Feldhahn M, et al. Intratumoral 
heterogeneity of intrahepatic cholangiocarcinoma. 
Oncotarget 2017;8:14957-68.

3.	 Gerlinger M, Horswell S, Larkin J, et al. Genomic 
architecture and evolution of clear cell renal cell 
carcinomas defined by multiregion sequencing. Nat Genet 
2014;46:225-33. 

4.	 Liu Y, Xiong Z, Beasley A, et al. Personalized and targeted 
therapy of esophageal squamous cell carcinoma: an update. 
Ann N Y Acad Sci 2016;1381:66-73. 

5.	 Agrawal N, Jiao Y, Bettegowda C, et al. Comparative 
Genomic Analysis of Esophageal Adenocarcinoma and 
Squamous Cell Carcinoma. Cancer Discov 2012;2:899-905.

6.	 Lin DC, Hao JJ, Nagata Y, et al. Genomic and molecular 
characterization of esophageal squamous cell carcinoma. 
Nat Genet 2014;46:467-73. 

7.	 Gao YB, Chen ZL, Li JG, et al. Genetic landscape 
of esophageal squamous cell carcinoma. Nat Genet 
2014;46:1097-102. 

8.	 Song Y, Li L, Ou Y, et al. Identification of genomic 
alterations in oesophageal squamous cell cancer. Nature 
2014;509:91-5. 

9.	 Zhang J, Fujimoto J, Zhang J, et al. Intratumor 
heterogeneity in localized lung adenocarcinomas delineated 
by multiregion sequencing. Science 2014;346:256-9. 

10.	 Kim TM, Jung SH, Baek IP, et al. Regional biases in 
mutation screening due to intratumoural heterogeneity of 
prostate cancer. J Pathol 2014;233:425-35. 

11.	 Yates LR, Gerstung M, Knappskog S, et al. Subclonal 
diversification of primary breast cancer revealed by 
multiregion sequencing. Nat Med 2015;21:751-9. 

12.	 Banck MS, Kanwar R, Kulkarni AA, et al. The genomic 
landscape of small intestine neuroendocrine tumors. J Clin 
Invest 2013;123:2502-8. 



E467Journal of Thoracic Disease, Vol 9, No 5 May 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(5):E465-E467jtd.amegroups.com

13.	 Lin R, Zhang C, Zheng J, et al. Chronic inflammation-
associated genomic instability paves the way for human 
esophageal carcinogenesis. Oncotarget 2016;7:24564-71. 

14.	 Weaver JMJ, Ross-Innes CS, Shannon N, et al. Ordering 
of mutations in preinvasive disease stages of esophageal 
carcinogenesis. Nat Genet 2014;46:837-43.

15.	 Sawada G, Niida A, Uchi R, et al. Genomic Landscape 
of Esophageal Squamous Cell Carcinoma in a Japanese 
Population. Gastroenterology 2016;150:1171-82. 

16.	 Chaber-Ciopinska A, Kiprian D, Kawecki A, et al. 
Surveillance of patients at high-risk of squamous cell 

esophageal cancer. Best Pract Res Clin Gastroenterol 
2016;30:893-900. 

17.	 Wei WQ, Chen ZF, He YT, et al. Long-Term Follow-
Up of a Community Assignment, One-Time Endoscopic 
Screening Study of Esophageal Cancer in China. J Clin 
Oncol 2015;33:1951-7. 

18.	 Mwachiro MM, Burgert SL, Lando J, et al. Esophageal 
Squamous Dysplasia is Common in Asymptomatic 
Kenyans: A Prospective, Community-Based, Cross-
Sectional Study. Am J Gastroenterol 2016;111:500-7.

Cite this article as: Walter D. Intratumoral heterogeneity 
of esophageal squamous cell carcinoma. J Thorac Dis 
2017;9(5):E465-E467. doi: 10.21037/jtd.2017.04.54


