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1 |  INTRODUCTION

Squamous cell carcinoma arising in Zenker's diverticulum is 
a rare malignancy, mostly present in the elderly. Knowledge 
of this condition is limited, and no therapy guidelines are 
available. For the first time, we describe a case of Zenker's 
carcinoma with molecular characterization. We performed 
a literature research. For the mutational analysis, we used 
Oncomine™ solid tumor panel and tumor mutational bur-
den panel from Ion Torrent, Thermo Fisher Scientific. We 
found 66 case reports on pharyngeal pouch carcinoma in 
the English literature, without any evidence-based therapy 
guidelines or reporting on a genetic examination. As one of 
the main revelations of the molecular examination, the tumor 
exhibits a pathogenic TP53 and PTEN mutation and an in-
termediate overall tumor mutational burden (TMB) of 7.9 
mutations per megabase. Our results show some genetic sim-
ilarities with human papillomavirus negative (HPV (-)) head 
and neck squamous cell carcinoma (HNSCC) which suggests 
a similar molecular pathogenesis. We hypothesize that tradi-
tional therapeutic strategies which are used for HNSCC may 
also be effective in Zenker's carcinoma cases.

Zenker's diverticulum is a triangle of weakness formed 
between the oblique fibers of the lower inferior constric-
tor muscle and the transverse fibers of the cricopharyngeus 
muscles.1 The etiology of the pouch in the Killian triangle 
(Zenker's diverticulum) includes weakness and atrophy of 
muscles (mainly in elderly), combined with chronic pressure 
due to the increased tonus of the cricopharyngeus muscle 
(upper esophageal sphincter), resulting in dysphagia.2,3

The two main treatment options for Zenker's diverticulum 
include transcervical excision and an endoscopic approach 
(rigid or flexible), which may be a good alternative in select 
patient groups.4 The annual incidence of pharyngeal divertic-
ulum worldwide is approximately 2 per 100 000, occurring 
after the fifth decade of life, displaying typical symptoms 
of dysphagia, regurgitation of undigested food, aspiration, 
foetor ex ore, and weight loss.5-7 Lump in the neck, bloody 
sputum, and a sudden worsening of dysphagia seem to occur 
more frequently in Zenker's carcinoma.6 As symptoms are not 
specific, malignancy in patients presenting these conditions 
should always be ruled out. Differential diagnostics include 
pharyngeal pouch and all malignant or benign tumors (eg, 
hypopharynx carcinoma, proximal esophagus carcinoma, 
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sarcomas, inflammatory pseudotumor, and lipoma) of the 
hypopharynx and proximal esophagus.8,9

Squamous cell carcinoma arising in Zenker's diverticulum 
is a rarity with an incidence of 0.3%-1.5% of benign divertic-
ula5,6 with a potentially poor prognosis of 3-year survival of 
39% and 5-year survival of 14%.5 The most comprehensive 
systematic review published by Khan et al. in 2014 highlights 
many specific clinical features of Zenker's carcinoma com-
pared to benign pharyngeal diverticula.6 Since the number of 
articles published on pharyngeal pouch carcinoma is limited, 
there are no evidence-based diagnostic and therapy recom-
mendations. Although genome-wide profiling studies10-12 
and oncological guidelines13,14 are available on HNSCC dis-
ease, a genetic comparison between Zenker's carcinoma and 
HNSCC to our knowledge has never been reported. However, 
still today, the specific biological pathways involved in 
HNSCC are indeed poorly understood. Even less information 
is available on hypopharynx carcinoma and on rare diseases 
within the head and neck areas. Therefore, taking a closer 
look at the molecular characterization of the pharyngeal 
pouch carcinoma is of high importance.

2 |  CASE REPORT

A 74-year-old patient consulted his general practitioner 
in September 2018 due to rapidly progressing swallowing 

difficulties over several weeks. He complained additionally 
about bad breath and bloody sputum. He had lost 5 kg over 
the previous few months. The patient never smoked but drank 
1-2 glasses of wine twice a week for more than ten years and 
was otherwise healthy.

In the clinical work-up, the barium swallow showed 
Zenker's diverticulum with a diameter of 7.1  cm with ir-
regularities of the mucosa. PET scan (Figure 1A, B), MRI 
(Figure 1C), and endoscopy supported suspicions of malig-
nancy. A nasogastric tube was placed to ensure adequate food 
intake. The biopsy confirmed the presence of squamous cell 
carcinoma. The clinical situation was discussed at the tumor 
board, and a decision for a wide excision was made. After 
this, a total laryngopharyngectomy with the partial resection 
of the proximal trachea and esophagus, and subtotal thyroid-
ectomy with bilateral neck dissection (levels I-VII) as well as 
a circular reconstruction by a free anterolateral thigh flap was 
performed (Figure 2). Adequate margins were controlled by 
frozen sections.

The postoperative follow-up was uneventful. The transplant 
showed good viability. The barium swallow after two weeks 
showed no leakage. The patient tolerated peroral feeding well, 
and we could remove the nasogastric tube rapidly. After three 
weeks, we discharged the patient in good condition with safe 
swallowing function. According to the National Comprehensive 
Cancer Network (NCCN) therapy guidelines for hypopharynx 
carcinoma,13 a delayed postoperative percutaneous radiotherapy 

F I G U R E  1  A, axial and B, coronals 
sections of PET scan images that show an 
avid FDG uptake in the hypopharyngeal/
esophageal region. C, Sagittal MRI 
illustrating the extent of the tumor in 
Zenker's diverticulum
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(intensity-modulated, up to 62.5 Grays) was performed, after 
initial refusal by the patient. He has a good quality of life and 
no evidence of recurrence 15 months after the initial surgery.

3 |  MATERIALS AND METHODS

Aiming to provide the best possible therapy, we searched for 
guidelines and reports on the mutational analysis of pharyn-
geal pouch carcinoma including the available online articles 
published in the English language until December 2019. 
We used the search engines Google Scholar, Embase, and 
PubMed and various combinations of the following key-
words "Zenker carcinoma," "pharyngeal pouch carcinoma," 
"pharyngeal diverticulum carcinoma," "mutational analysis," 
"molecular analysis," "TP53  +  PTEN," and "hypopharynx 
carcinoma." As we did not find any evidence-based support 
for our therapy plan, and we were interested if Zenker's car-
cinoma, which is localized in the hypopharynx, could show 
genetic similarities with hypopharynx carcinomas or with 
HNSCC, we decided to perform a molecular characterization 
of the tumor.

After diagnostics, the written and informed consent of the 
patient was obtained. Our tumor board recommended a rad-
ical tumor excision which was then performed in November 
2018.

The surgical resection specimen was routinely processed 
for diagnostics. The carcinoma was grossly examined and 
cut for the preparation of paraffin sections. For the muta-
tional analysis, we used Oncomine™ solid tumor panel and 
tumor mutational burden panel from Ion Torrent, Thermo 
Fisher Scientific. As a reference to the mutational landscape 
in HNSCC, we worked with the GDC Data Portal (https://
portal.gdc.cancer.gov),15 as well as data from The Cancer 
Genome Atlas (TCGA).11

Because of a lack of specific diagnostic and therapy guide-
lines for Zenker's carcinoma, we used the standard NCCN 
guidelines for hypopharynx carcinomas.13

4 |  RESULTS

The histopathological examination showed an advanced, 
9  cm-sized, moderately differentiated squamous cell carci-
noma of and signs of keratinization arising in Zenker's diver-
ticulum. The laryngeal cartilage and focally one parathyroid 
gland were infiltrated, but neither lymph node metastasis, 
lymphatic, or blood vessel infiltration nor the infiltration of 
nerve sheets was detected (pT4a, pN0 (0/42), cM0, L0, V0, 
Pn0, R0). Resection was found to be complete with adequate 
margins.

In the literature research, in addition to the 43 articles with 
60 case reports between 1897 and December 2008 already 
cited in the systematic review of Khan et al.,6 we found 6 
reports published in 5 articles between December 2008 and 
December 2019.16-20 However, neither evidence-based rec-
ommendations nor information on molecular examination 
were available.

The tumor mutational burden analyzed by Ion Torrent 
showed a mutational load of 7.9 mutations per megabase, 
which was classified according to an internal validation co-
hort for non-small-cell lung cancers with clinical response 
data as intermediate.21

With the next-generation sequencing analysis (NGS) 
Oncomine™ Solid Tumor Panel (tumor cell content: 70%), 
we detected two main driver mutations: the TP53 p.R213L 
(allelic frequency 55%) and the PTEN p.T176* (allelic fre-
quency 39%).

Figure 3 shows our results within the context of the mu-
tational landscape in the head and neck squamous cell car-
cinomas in this anatomic region (hypopharynx). A genetic 
predisposition syndrome was further investigated by the eval-
uation of the family history, which revealed unremarkably.

Consultation of the GDC Data Portal on 8 March 2020 
yielded TP53 mutations in 34.5% (n = 374/1083) of all re-
ported HNSCC cases with 292 different mutation types. This 
was true in 20% (n = 5/25) for the carcinomas of the hypo-
pharynx with five mutations. PTEN mutations occurred in 

F I G U R E  2  Intraoperative pictures. 
Left: mobilized larynx and pharynx with 
necrotic tissue seen in the hypopharyngeal 
region. Right: resected en bloc specimen 
with the larynx and anterior pharynx opened 
after resection showing the carcinoma in 
Zenker's diverticulum separated from the 
esophagus

https://portal.gdc.cancer.gov)
https://portal.gdc.cancer.gov)
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4.7% (n  =  51/1083) with 16 mutations, and none of them 
in the hypopharynx. The reported occurrence of TP53 mu-
tations was interestingly higher (57%-86% 10,11) in HPV (-) 
HNSCC.

5 |  DISCUSSION

Carcinoma in Zenker's diverticulum is an exceedingly rare 
malignancy. Due to the rarity of reported cases, it is chal-
lenging to establish any evidence-based therapeutic guide-
lines. The systematic review of Khan et al. reports that more 
than half of 60 patients with Zenker's carcinoma whose case 
was described between 1896 and 2008 underwent surgical 
excision alone, 20% were treated by both excision and ra-
diotherapy, 10% underwent unimodal radiotherapy, and 17% 
had either no definitive treatment or did not have any treat-
ment recorded in their case. Patients with excision alone had 
a prolonged survival rate compared to those who received 
other treatment modalities. Albeit, this difference was not 
statistically significant (p=0.39)6. This pattern indicates that 
due to a lack of evidence, Zenker's carcinoma is still being 
treated empirically.

As hypopharynx carcinoma and Zenker's carcinoma arise 
of the hypopharynx, genetic similarities and the same treat-
ment would be foreseeable. However, a confirmation of this 
hypothesis is needed.

To the best of our knowledge, this is the first time a 
genetic examination of this rare entity has been performed. 
Our results indicate genetic similarities to HPV (-) HNSCC. 
HPV (+) and HPV (-) HNSCC seem to have different pro-
cesses of carcinogenesis22 which factor may explain why 

Feldman et al. found TP53 as the most frequently mutated 
gene in HNSCC with 41%, but without any occurrence of 
the mutation in the HPV (+) carcinomas, and with an oc-
currence of 57% in HPV (-) tumors.10 Similarly, according 
to the Cancer Genome Atlas Network TP53 mutation oc-
curred in 86% among the HPV (-) HNSCC samples and 
only in one case of 36 among HPV (+) samples.11 Stransky 
et al. also observed an inverse correlation between HPV 
status and TP53 mutation.12

The literature suggests also that hypopharynx carcino-
mas are more frequently HPV (-) than HPV (+).23-25 These 
findings may speak in favor of a similar molecular origin of 
Zenker's carcinoma, HPV (-) HNSCC, and hypopharynx car-
cinoma. However, a reliable comparison between Zenker's 
carcinoma and hypopharynx carcinoma is challenging be-
cause the available data about the molecular origin of hypo-
pharynx carcinomas are also limited.

Alcohol is an established risk factor in HPV (-) HNSCC22, 
and the association seems to be even stronger among cancers 
of the oropharynx and hypopharynx.26 A prolonged exposi-
tion of the mucosa due to prolonged washout in Zenker's di-
verticulum suggests that alcohol may also be a potential risk 
factor in this condition.

Tumor mutational burden (hereinafter referred to as the 
“TMB”) is defined as the total number of nonsynonymous 
mutations per coding area of a tumor genome. It was recently 
shown that a high tumor mutational burden is linked to a fa-
vorable outcome for immune checkpoint inhibitor therapies. 
Hence, these tumors often have more neoantigens that could 
be recognized by the antitumor immunity. However, the 
cutoffs for the categories "high," "intermediate," and "low" 
TMB are being currently defined. Definitions for clearly high 

F I G U R E  3  Mutations of the TP53 gene in HNSCC (source: GDC Data Portal15, p53.iarc.fr40, illustration based on Campo et al41). We found 
292 different TP53 mutations in HNSCC, 5 of them in hypopharynx carcinomas. The revealed mutation in Zenker's carcinoma is a missense 
mutation in the carboxy-terminal domain
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(>10 mutations/megabase) and clearly low (<5 mutations/
megabase) are emerging.21,27

HNSCC is known to exhibit an intermediate TMB,27,28 
similarly with our case, which shows a mutational load of 7.9 
mutations per megabase.

TP53 and PTEN are included in the top 11 of the most 
mutated genes in HPV(-) HNSCC.11 Somatic changes involv-
ing the gene encoding for p53 have been discovered in more 
than 50% of human malignancies, and both genes are consid-
ered as driving mutations.29,30

P53, "the guardian of the genome," is the transcriptional 
product of TP53 and is considered as a tumor suppressor reg-
ulating several intracellular pathways involved in DNA re-
pair, cell cycle arrest, cell survival, senescence, and apoptosis 
induction. It can preserve DNA integrity in the presence of 
genotoxic stimuli and plays an essential role in the regulation 
of energy metabolism and antioxidant defense.

Mutant p53 proteins not only lose their protective func-
tions but also gain oncogenic ones. This happens mainly by 
affecting metabolism and the response to oxidative stress 
thereby facilitating the supply of cancer cells while preserv-
ing them from oxidative stress-induced damage.29

PTEN is a phosphatase involved in the negative reg-
ulation of the mitogenic RTK/PI3K/Akt pathway, thus 
controlling cell survival, proliferation, and growth. PTEN 
inhibits PI3K, whereas a mutated PTEN gene, the pres-
ence of a pseudogene or other complex downregulation 
mechanisms, leads to decreased or inactive PTEN protein 
expression, thus PI3K overexpression and as such favors 
the proto-oncogene MYC's action on cell cycle and sur-
vival.30-32 This mechanism is responsible for the develop-
ment of various tumors; the mutation has been described 
in 35% of uterine, 17% of the brain, 7.5% of bronchus and 
lung, and in 6.7% of breast cancers.15

PTEN mutations occurred in 2%-33% of HNSCC,10,15,30 
and the lack of PTEN expression seemed to be linked to a 
poor disease-free and overall survival rates.30,33

The occurrence of PTEN mutations in hypopharynx 
carcinomas was not reported, and the consultation of the 
GDC portal did not yield any PTEN mutations in this 
condition.15

However, there are pieces of evidence on the crucial tumor 
suppressor role of PTEN in hypopharynx carcinomas. Wang 
et al., for example, were able to inhibit cell proliferation and 
malignant progression of hypopharyngeal carcinoma by 
overexpressing MicroRNA-98 and so activating the PTEN/
AKT pathway.34

Synergies between both tumor suppressor pathways are 
described since both genes are involved in the regulation 
of cell cycle and survival. P53 and PTEN work together in 
feedback loops, regulating each other by shared interactor 
proteins. P53 seems to upregulate PTEN transcription by 

binding an upstream element on the PTEN promoter.32 It was 
also shown that the PI3K/Akt pathway promotes the move-
ment of the Mdm2 oncoprotein into the nucleus, where it 
downregulates p53. PTEN inhibits PI3K/Akt, promoting p53 
function.35 However, wild PTEN can enhance the gain-of-
function of mutant p53 protein levels.36

Snietura et al. found PTEN to be of prognostic utility in 
postoperative radiotherapy in HNSCC. Since mutations in 
PTEN mostly lead to decreased protein expressions, it may 
indicate a worse prognosis in HNSCC patients.31 TP53 muta-
tions seen predominantly in HPV (-) HNSCC are also associ-
ated with worse overall survival.37

This indicates similarities with the poor prognosis of 
Zenker's carcinoma published by Bowdler et al.5 which 
may be explained by the fact that the diagnosis is gener-
ally made at advanced stages, but probably also by the 
disadvantageous molecular pattern revealed in our case. 
The molecular examination of Zenker's carcinoma is cru-
cial because of its bad prognosis and because the disease 
is frequently advanced by the time of the diagnostics. In 
these situations, chemotherapy and emerging biological 
therapies play an important role. In case of metastasis and/
or lymph node affectation, a systematic therapy (depend-
ing on the disease combined with radiotherapy) is admin-
istered.13 Actual standards for the systemic therapy of very 
advanced HNSCC (including hypopharynx carcinoma) 
include chemotherapy with cisplatin or carboplatin, cetux-
imab, paclitaxel, hydroxyurea, 5-fluorouracil, depending 
on the regimen. For recurrent/metastatic disease, biologi-
cal therapies with anti-programmed death 1 (PD1) antibody 
nivolumab or pembrolizumab may be used.14 It was shown 
that TP53-mutated carcinomas frequently develop chemo-
therapy resistance.38,39 This mechanism can be inhibited by 
several molecules (eg, MIRA1 and PRIMA1 reactivate mu-
tant p53 and nutlins inhibit Mdm 2)39, but the topic is under 
continuous investigation and these agents are to the best of 
our knowledge not yet approved.

The information about PTEN mutations seems to also 
have some benefits; if we think about the study of Wang 
et al.34, Zenker's carcinoma may be a future target of one of 
these promising biological therapies.

Taken together, the revealed molecular similarities be-
tween Zenker's carcinoma and HPV (-) HNSCC suggest that 
therapeutic strategies may be applicable to this rare entity. As 
both hypopharynx and Zenker's carcinoma arise of the hy-
popharynx, and most hypopharynx carcinomas are HPV (-), 
similar pathogenesis and etiology are even more suggestive. 
However, for a conclusive genetic comparison, more data 
would be necessary, and this could prove difficult due to the 
rarity of the disease. On the other hand, revealing the mu-
tations may open some new possibilities for future targeted 
therapies in this condition.
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