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Abstract
Background  Head and neck squamous cell carcinoma (HNSCC) negative for Human Papillomavirus (HPV) has 
remained a difficult to treat entity, whereas tumors positive for HPV are characterized by radiosensitivity and 
favorable patient outcome. On the cellular level, radiosensitivity is largely governed by the tumor cells` ability to 
repair radiation-induced DNA double-strand breaks (DSBs), but no biomarker is established that could guide clinical 
decision making. Therefore, we tested the impact of the expression levels of ATM, the central kinase of the DNA 
damage response as well as DNA-PKcs and Ku80, two major factors in the main DSB repair pathway non-homologous 
end joining (NHEJ).

Methods  A tissue microarray of a single center HNSCC cohort was stained for ATM, DNA-PKcs and Ku80 and the 
expression scored based on staining intensity and the percentages of tumor cells stained. Scores were correlated with 
clinicopathological parameters and survival.

Results  Samples from 427 HNSCC patients yielded interpretable stainings and were scored following an established 
algorithm. The majority of tumors showed strong expression of both NHEJ factors, whereas the expression of ATM 
varied more. The expression scores of ATM and DNA-PKcs were not associated with patient survival. For HPV-negative 
HNSCC, the minority of tumors without strong Ku80 expression trended towards superior survival when treatment 
included radiotherapy. Focusing stronger on staining intensity to define the subgroup with lowest and therefore 
potentially insufficient expression levels in the HPV-negative subgroup, we observed significantly better overall 
survival for patients treated with radiotherapy but not with surgery alone.

Conclusions  Our data suggest that HPV-negative HNSCC with particularly low Ku80 expression represent a highly 
radiosensitive subpopulation. Confirmation in independent cohorts is required.
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Introduction
Radio(chemo)therapy, either after surgery or in the pri-
mary setting, is a mainstay of curative treatment for 
locally advanced head and neck squamous cell carci-
noma (HNSCC). Apart from Human Papillomavirus 
(HPV) and p16 expression, which mark a biologically dis-
tinct, radiosensitive subgroup of oropharyngeal tumors 
(OPSCC) [1, 2], no molecular markers have been estab-
lished that could guide therapeutic decision making. For 
HPV-positive OPSCC, various strategies for treatment 
de-intensification have been and are further being tested. 
For HPV-negative HNSCC, cure rates are still unsatis-
factory and treatment intensification would be desirable 
but current multimodal regimes are already operating at 
the maximum tolerable level. Therefore, biomarkers that 
could prospectively identify patients at high or low risk of 
treatment failure in both subgroups are highly desirable.

Tumor cell killing after radiotherapy is primarily 
caused through the induction of DNA lesions, of which 
DNA double-strand breaks (DSBs) are the most delete-
rious. These lesions activate a specialized signaling net-
work, called the DNA damage response (DDR), which 
recognizes the breaks, recruits and activates DSB repair 
factors, and provides additional repair time by attenuat-
ing cell cycle progression. A central component of the 
DDR is the PI3K-like kinase ataxia telangiectasia mutated 
(ATM). Germline loss-of-function mutations of ATM are 
the cause for ataxia telangiectasia syndrome. Apart from 
the name-providing features, the disease is also charac-
terized by early tumor development and severe radio-
sensitivity caused by impaired DSB repair as assessed 
by enhanced levels of unrepaired DSBs persisting for 
prolonged times after irradiation [3–5]. Copy num-
ber losses of the distal arm of chromosome 11, which 
includes the ATM gene locus, are frequently observed in 
HNSCC in general and even more so in the more radio-
sensitive HPV-positive OPSCC [6]. Notwithstanding a 
potentially reduced expression of ATM, Lim et al. have 
not observed an association with patient outcome after 
chemoradiation treatment [7] and others even reported 
inferior outcome for patients and enhanced radioresis-
tance in HNSCC cell lines with loss of distal 11q despite 
the controversial finding of an attenuated DDR [8, 9]. 
The actual repair processes downstream of the DDR are 
mainly performed through the DSB repair pathway of 
classical non-homologous endjoining (NHEJ), the domi-
nant DSB repair pathway in all cell cycle phases [10, 11]. 
Therefore, efficient NHEJ is also prerequisite for radiore-
sistance, and the inhibition of expression or function of 
essential factors, such as Ku70/80, DNA-PKcs or DNA 

ligase IV results in very pronounced cellular radiosensi-
tivity [12–14].

In the clinical setting, the association between the 
expression levels of DDR and NHEJ factors and patient 
outcome after radiotherapy has been performed in a vari-
ety of cancer types, such as cervix or prostate cancer, but 
also others, with some promising but also contradictory 
results over the last two decades [15–22]. Studies on the 
association of ATM and the core NHEJ factors DNA-
PKcs and Ku70/80 with patient outcome in HNSCC, 
have so far also reported conflicting results. Despite their 
critical roles in DSB repair, Friesland et al. have reported 
that high expression of DNA-PKcs/Ku80 in combination 
with p53 negativity in tonsillar carcinoma was associated 
with better survival of patients treated with radiotherapy, 
suggesting radiosensitivity [23]. Similarly, Pavon et al., 
showed that high KU70 mRNA levels and a higher frac-
tion of tumor cells stained positive for Ku80 and espe-
cially Ku70 were associated with improved responses 
towards induction chemotherapy (ICT) and improved 
local recurrence-free survival (LRFS) after subsequent 
radiotherapy. High levels of DNA-PKcs were also associ-
ated with ICT responses but not LRFS in that study [24]. 
In contrast, Lee et al. observed significantly higher 5-year 
locoregional control rates in patients with low Ku70 
expression in nasopharyngeal cancer treated with R(C)T, 
whereas expression of DNA-PKcs did not yield significant 
differences [25]. Similarly, Joshi et al. recently reported of 
higher survival rates in oral SCC patients whose tumors 
demonstrated lower Ku80 mRNA levels but significance 
was lost in a multivariate analysis and only remained for 
the protein level of XRCC4, another NHEJ factor [26]. 
The most comprehensive analysis of DNA repair factors 
in HNSCC in a clinical setting was performed by Moeller 
et al. in 2011 [27]. The authors compared the expression 
levels of 18 DSB repair factors and 19 oncologically rel-
evant proteins not primarily related to DSB repair in a 
cohort of 89 chemoradiation-treated HNSCC patients 
and also took the tumors` HPV-status into account. In 
this thorough analysis, the NHEJ repair factor Ku80 was 
identified as the by far most relevant predictor of patient 
survival, whereas DNA-PKcs and ATM expression had 
little effect. High Ku80 expression was associated with 
poor outcome in patients with HPV-negative tumors sug-
gesting radioresistence, and this result was recapitulated 
in a validation cohort of 34 independent HPV-negative 
patients. However, no related publications have either 
confirmed the data or shown contradictory results and 
the Ku80 expression level has never entered the clinic 
as a prognostic or predictive biomarker. Against this 
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background we analyzed the expression of the central 
DDR and DSB repair proteins ATM, Ku80 and DNA-
PKcs in a retrospective cohort of 427 HNSCC patients.

Materials and methods
Patient material
In this study we retrospectively analyzed survival and 
the clinicopathological data from patients, who had been 
diagnosed with squamous cell carcinoma of the head and 
neck and treated with curative intent at the University 
Medical Center Hamburg-Eppendorf between 1992 and 
2013 with a vast majority of 95% diagnosed between 2000 
and 2013. Tissues were obtained from primary tumors 
during surgical resection or diagnostic pretreatment 
biopsies. Patient consent was waived because the use of 
archived remnants of diagnostic tissues and their analy-
sis for research purposes as well as patient data analysis 
have been approved by local laws (HmbKHG,§ 12,1) and 
by the local ethics committee (Ethics commission Ham-
burg, WF-049/09). The whole study has been carried out 
in compliance with the Helsinki Declaration.

Tissue microarray construction
Tissue samples were fixed in buffered 4% formalin, 
embedded in paraffin, and used for tissue microarray 
(TMA) construction as previously described [28, 29]. 
Haematoxylin-eosin stained sections were made from 
each selected primary tumor block to identify repre-
sentative tumor regions. One tissue cylinder (0.6 mm in 
diameter) was punched from each tumor using a home-
made semi-automated tissue arrayer. For immunohis-
tochemical staining, three-micrometer TMA sections 
were prepared using the Paraffin Sectioning Aid System 
(Instrumentics, Hackensack, NJ).

Immunohistochemistry
For immunohistochemistry (IHC) analyses freshly cut 
3  μm thick TMA sections were analyzed on the same 
day in a single experiment. ATM, DNA-PKcs, Ku80 and 
p16 were stained using specific antibodies (rabbit anti-
ATM (Abcam, #ab32420, clone Y170, 1:450); mouse anti-
DNA-PKcs (Sigma, #SAB1404245, clone 2A8, 1:1350); 
mouse anti-Ku80 (Abcam, #ab119935, clone 5C5, 
1:4050); mouse anti-p16 (BD Biosciences, clone G175-
405, 1/3600) after peroxidase blocking with H2O2 (DAKO 
S2023) for 10  min. High-temperature pretreatment of 
slides was done in an autoclave with citrate buffer, pH 7.8 
for 5 min. The Envision system (DAKO5007) was used to 
visualize the immunostaining.

The staining was categorized using a well-established 
scoring system based on staining intensity (0, 1, 2, 3 - 
referring to absent, low, intermediate or high intensity) 
and the fraction of tumor cells stained [30, 31]. The final 
IHC score (negative, weak, moderate, strong) is built 

from these parameters as follows: negative scores had a 
staining intensity of 0; weak scores had a staining inten-
sity of 1 in ≤ 70% of tumor cells or a staining intensity of 
2+ in ≤ 30% of tumor cells; moderate scores had a staining 
intensity of 1+ in > 70% of tumor cells, a staining inten-
sity of 2+ in > 30% and ≤ 70% of tumor cells and a staining 
intensity of 3 in ≤ 30% of tumor cells; strong scores had a 
staining intensity of 2+ in > 70% of tumor cells or a stain-
ing intensity of 3 in > 30% of tumor cells. In an alternative 
score (low or intermediate/high) with stronger focus on 
staining intensity, low scores had a staining intensity of 2 
or 3 in ≤ 30% of tumor cells, and intermediate/high scores 
had a staining intensity of 2 or 3 in > 30% of tumor cells.

p16 status was scored as positive when ≥ 70% of tumor 
cells demonstrated moderate or strong staining intensity. 
For sample pictures, the TMA slides were scanned on 
a digital whole slide scanner (Aperio AT2, Leica) at 40x 
magnification.

Data analyses
R (version 3.6.3) and Bioconductor environment [32] 
were used for data processing, analysis and evalua-
tion. Survival analyses were performed according to the 
Kaplan-Meier method and the Log-rank test. Multi-
variable analyses were performed fitting a Cox propor-
tional hazards regression model (R-packages: survival 
and survminer) [33, 34]. Potential associations between 
variables were tested using the Pearson correlation coef-
ficient (R-packages: reshape and corrplot) [35, 36]. All 
statistical analyses are to be considered exploratory. The 
reported p-values are two-sided and used as descriptive 
measures only. The depiction of TMA scores was per-
formed using GraphPad Prism 6.

Results
We assessed the protein expression level of the criti-
cal DSB repair factors ATM, DNA-PKcs and Ku80 in a 
tissue microarray (TMA) from patients treated with 
curative intent at the University Medical Center Ham-
burg-Eppendorf. Interpretable stainings were obtained 
in 427 individual samples. p16 status as an indicator for 
either HPV-induced or HPV-independent tumorigen-
esis was available for 172 of 202 OPSCC samples. 340 
patients (79.7%) were treated primarily by surgery. Of 
these 142 received surgical treatment alone (33.3%) and 
198 received adjuvant radiotherapy or radiochemother-
apy (RT/RCT) (46.4%). Sixty-nine patients were primarily 
treated with RT/RCT (16.1%). Patient characteristics are 
shown in Table 1.

Expression of DSB repair factors
In a semiquantitative analysis, the immunohistochemi-
cal stainings of ATM, DNA-PKcs and Ku80 were scored 
as either negative, weak, moderate or strong depending 
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on the staining intensity and the respective portion of 
the tumor cells stained, following a well-established 
algorithm [30, 31] (Fig.  1A). Expression of all three 
DNA repair factors was vastly restricted to the nucleus 
in virtually all cases. For the NHEJ proteins DNA-PKcs 
and Ku80, we observed a similar distribution of pro-
tein expression across the HNSCC subsites with a clear 
majority of samples demonstrating strong expression 
(intermediate staining intensity [2] in >70% or high 

intensity [3] in >30% of tumor cells), except for the com-
parably small cohort of oral cavity tumors, in which mod-
erate staining was similarly frequent. ATM staining was 
clearly less intense than DNA-PKcs and Ku80 staining 
with weak and moderate representing the most frequent 
categories (Fig. 1B). For correlation and survival analyses, 
due to the different etiology of HPV-driven and unrelated 
tumors, we built a pooled cohort containing p16-nega-
tive OPSCC and all non-oropharyngeal cases (except for 
the few nasopharyngeal samples), in which HPV-driven 
tumors will represent only a small minority below 5%, 
when the HPV-status is carefully assessed through detec-
tion of HPV E6/E7 mRNA in addition to p16 or HPV 
DNA [37–42]. Correlation analyses of the staining scores 
and T + N stage as important clinicopathological char-
acteristics for patient outcome demonstrated a positive 
association of the NHEJ factors Ku80 and DNA-PKcs in 
HPV-negative HNSCC and p16-negative OPSCC. No 
association was found for p16-positive OPSCC, in which 
samples demonstrating negative and weak expression of 
Ku80 were completely missing (Fig. 1C).

Impact of DSB repair factors on patient survival
ATM: To assess the impact of the expression level of the 
central DDR kinase ATM on patient survival we dichot-
omized our cohort into patients with tumors showing 
low (absent & weak staining score) vs. high (moderate 
& strong staining score) expression. We did not observe 
any influence on overall or recurrence free survival (OS, 
RFS), neither in the pooled cohort of patients with HPV-
negative tumors nor in those with p16-positive OPSCC. 
Stratification by therapeutic treatment also did not reveal 
any impact of the ATM expression level on patients 
treated with or without radio(chemo)therapy in any form 
(primary and adjuvant) or by surgery only (Fig. 2, Supple-
mentary Fig.  1). Alternative dichotomization strategies 
as well as analyses of specific anatomical subgroups or 
only of patients primarily treated by RT/RCT also did not 
demonstrate any prognostic impact of ATM expression 
levels (not shown).

DNA-PKcs and Ku80: Due to the high expression lev-
els of the NHEJ factors DNA-PKcs and Ku80 with strong 
staining scores being the by far most frequent category 
(see Fig. 1B), we assorted patients into those demonstrat-
ing strong vs. all other stainings for survival analyses.

Similar to the analysis of ATM, we did not observe an 
impact of DNA-PKcs expression levels on patient OS 
or RFS, neither in HPV-negative HNSCC, p16-positive 
OPSCC and independent of treatment (Fig. 3 and Supple-
mentary Fig. 2) and tumor sublocalisation (not shown).

For Ku80, we observed a trend towards inferior over-
all and recurrence free survival for tumors with strong 
expression in HPV-negative HNSCC. This effect was 
driven by tumors receiving some form of radiotherapy, 

Table 1  Clinicopathological characteristics. T- and 
N-classification were performed according to the 7th edition of 
the Union for International Cancer Control (UICC). Classification 
represents pathological staging for resected tumors and clinical 
staging for tumors treated with definitive RT/RCT. p16 status 
was not available (n.a.) for 30 OPSCC specimen, because of a 
lack of tumor tissue in the p16-stained tissue microarray section 
or because of indistinct scoring (intermediate or high staining 
intensity in >40 but <70% of tumor cells)
Patient characteristics
Interpretable staining, number (%)
  ATM and/or DNAPKcs and/or KU80 427 (100)
  ATM 396 (93)
  DNA-PKcs 381 (89)
  Ku80 343 (80)
Age, median (range) 61 (32–85)
Sex, number (%)
  male 334 (78.2)
  female 93 (21.8))
Location, number (%)
  Oropharynx 202 (47.3)
    p16+ (% of OPSCC) 70 (34.7)
    p16- (% of OPSCC) 102 (50.5)
    p16 n.a. (% of OPSCC) 30 (14.9)
  Larynx 136 (31.9)
  Hypopharynx 57 (13.3)
  Oral cavity 26 (6.1)
  Nasopharynx 6 (1.4)
T classification, number (%)
  T1 105 (24.6)
  T2 118 (27.6)
  T3 100 (23.4)
  T4 102 (23.9)
  n.a. 2 (0.5)
N classification, number (%)
  N0 159 (43.9)
  N1 53 (14.6)
  N2 131 (36.2)
  N3 19 (5.3)
Therapy, number (%)
  surgery 142 (33.3)
  surgery + (chemo)radiation 198 (46.4)
  chemoradiation 57 (13.3)
  radiotherapy 12 (2.8)
  other 12 (2.8)
  n.a. 6 (1.7)
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while there was no such trend in those treated solely by 
surgery. However, in contrast to Moeller et al. [27], who 
used a similar scoring system, the effects of different 
Ku80 staining scores in our analyses were very modest 
and did not reach statistical significance (Fig. 4 and Sup-
plementary Fig. 3).

DNA-PKcs and Ku80 usually showed quite homoge-
neous staining patterns, so that tumor samples showing 
low staining intensities of 1 were in most cases classi-
fied as moderate in the established scoring system due to 
the high percentage of tumor cells stained. As a result, 
tumors scored as weak are extremely rare in our analy-
sis (see Fig.  1B). We therefore performed an alternative 

Fig. 1  Immunohistochemical staining. (A) Representative examples of TMA score categories. Magnified areas demonstrate nuclear expression, which 
was observed for all three proteins in virtually all samples. (B) Distribution of TMA scores in the whole group and in specific subtypes. (C) Correlation 
analyses of TMA scores and T & N stages. UICC-stage (7th edition) served as an internal control and, as expected, was vastly governed by N stage in HPV-
positive OPSCC while correlating with both T & N stage in HPV-negative tumors

 



Page 6 of 11Zech et al. Radiation Oncology          (2024) 19:150 

analysis focussing stronger on staining intensity and less 
on the fraction of cells stained with the hypothesis that 
low cellular expression levels of NHEJ factors may con-
fer cellular radiosensitivity because of a less effective 
main DSB repair pathway. To this end, we defined low 
expressing tumors as those mostly demonstrating stain-
ing intensities of 0 and 1 using a threshold of > 30% of 
cells with higher staining intensities of 2 and 3 necessary 
for the spot to be scored as intermediate/high expression. 
For DNA-PKcs we did not observe an obvious impact 
of low expression levels (not shown). In contrast, the 
comparably small subgroup of HPV-negative HNSCC 
demonstrating low Ku80 expression and especially 
those patients whose treatment included radiotherapy 
demonstrated significantly superior OS (p = 0.036 and 
p = 0.022, respectively) and corresponding trends for RFS 
(Fig. 5, Supplementary Fig. 4, top). This difference mostly 
depended on patients treated with primary surgery and 
adjuvant RT/RCT (p = 0.023) (Supplementary Fig. 4, bot-
tom), whereas the small number of only 4 tumors with 
low staining intensity primarily treated by RT/RCT pre-
vented a meaningful analysis. No difference in depen-
dence of Ku80 expression was detected in patients 
treated by surgery alone.

In a multivariable analysis of patients with HPV-neg-
ative tumors treated by radiotherapy in any form, that 

included Ku80 staining intensity (0,1 vs. 2,3), T- and 
N-stage, sex and age, Ku80 remained a significant, inde-
pendent prognostic factor for OS. Significance was 
further reached for age but slightly missed for T- and 
N-stage in our cohort (Table 2).

Discussion
Our retrospective TMA analysis of a cohort of cura-
tively treated HNSCC patients strongly suggests that the 
expression level of the central DDR kinase ATM and the 
NHEJ kinase DNA-PKcs do not possess prognostic value 
in HNSCC irrespective of HPV-status and involvement 
of radiotherapy, in line with previous reports [7, 24, 27]. 
This does not imply that the activation levels of these 
kinases or of their biological pathways are not impor-
tant factors in the modulation of radioresponsiveness. 
This has, for example, been suggested for impaired acti-
vation of ATM itself or impaired activity of the ATM-
orchestrated DDR for the enhanced radiation sensitivity 
of HPV-positive HNSCC [43, 44] or for inactivating ATM 
mutations for some exceptional tumor responses to 
radiotherapy [45] and may not be assessable by immuno-
histochemical protein quantification.

Regarding Ku80, our data clearly call into ques-
tion some older publications, which describe this pro-
tein as a positive prognostic factor in HNSCC [23, 24]. 

Fig. 2  Overall survival in dependence of ATM expression and treatment. ATM-expression was categorized by staining scores as low (absent & weak) or 
high (moderate & strong). The low numbers of p16-positive OPSCC treated solely by surgery prevented a meaningful analysis
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For the HPV-negative cohort, our data also do not fully 
support the finding of Moeller et al. which described 
strong Ku80 expression as a dominating negative prog-
nostic factor using a highly similar scoring algorithm. 
In that publication about half of all tumors were scored 
as strongly expressing, which conferred a profoundly 
unfavorable prognosis, while patients with low or inter-
mediate expression showed equally high survival rates 
[27]. Apart from using a different antibody, which may 
well account for some differences in staining intensities 
between the two studies, another potentially relevant dif-
ference between both cohorts is that in Moeller et al. all 
89 patients were treated with primary chemoradiation, 
whereas the majority of the 267 patients treated with 
some form of radiotherapy in our study received RT/RCT 
in the adjuvant setting, which reflects common treatment 
approaches in the US and in Germany.

While not confirming the Moeller results in detail, our 
data also show profound differences in patient survival in 
dependence of Ku80 expression when using an alterna-
tive scoring system to identify patients with particularly 
low expression levels, namely those showing no or only 
faint Ku80 staining intensity in the majority (≥ 70%) of 
tumor cells. For patients with HPV-negative HNSCC this 
small group demonstrated significantly favorable OS and 
a trend towards improved PFS when treatment included 

radiotherapy but not after treatment by surgery only. 
From the biologic point of view, low Ku80 expression 
is a rational candidate for a marker conferring cellular 
radiosensitivity and hence superior patient survival after 
radiotherapy. The Ku70/80 heterodimer is usually highly 
abundant in mammalian nuclei and binds to DSBs within 
seconds after their induction [46, 47]. It mediates posi-
tional stability of the DSB ends preventing end separation 
[48], which would make the ends far more susceptible to 
repair failure or misrepair, both of which can easily give 
rise to lethal chromosomal aberrations. Furthermore, 
it helps to protect the DSB ends from DNA end resec-
tion, and insufficient protection and subsequent inap-
propriate end resection may foster a dependency of such 
cells on the error prone backup repair pathways alter-
native endjoining (alt-EJ) and single-strand annealing 
(SSA), as already demonstrated for Ku-deficient cells in 
vitro [49, 50]. This may be especially crucial for DSBs in 
G1-phase cells or during S-phase in regions where sister 
chromatid synthesis has not been completed, both con-
ditions not permissive for faithful repair by homologous 
recombination (HR). In this case it would be reasonable 
that low Ku80 expression may also represent a predic-
tive marker for the response towards a combination of 
radiotherapy and PARP-inhibition, since alt-EJ is PARP-
dependent and its inhibition would deplete the cells 

Fig. 3  Overall survival in dependence of DNA-PKcs expression and treatment. Expression was categorized by staining scores as strong or other. The low 
numbers of p16-positive OPSCC treated solely by surgery prevented a meaningful analysis

 



Page 8 of 11Zech et al. Radiation Oncology          (2024) 19:150 

of a backup repair pathway especially required in these 
cells. Mechanistically, a recent publication has described 
radiosensitivity in nasopharyngeal carcinoma mediated 
by the deubiquitinase USP44 via stabilization of the E3 
ubiquitin ligase TRIM25 and subsequent TRIM25-medi-
ated Ku80 degradation. Hypermethylation of the USP44 
promoter in nasopharyngeal cancer disrupts this axis, 
leading to higher Ku80 levels and radioresistance. Con-
sistently, low USP44 levels were significantly associated 
with profoundly inferior survival in a large cohort of 376 

nasopharyngeal cancer patients all treated by RCT [51]. 
While that study demonstrated compelling evidence for 
an interrelation of USP44 and Ku80 expression from in 
vitro and in vivo models, an association of the respec-
tive protein levels in clinical cohorts of nasopharyngeal 
tumors as well as a validation of the mechanism in other 
HNSCC subgroups still remains to be shown. Given its 
central role in DNA repair, the Ku70/80 dimer is also 
being considered as a potential therapeutic target for 
radio- and chemosensitisation. For example, a recent 

Fig. 5  Overall survival in dependence of Ku80 staining intensity and treatment. Expression was categorized by staining intensities as either low or inter-
mediate/high with a threshold of > 30% of tumor cells with at least intermediate staining intensity (2 or 3) necessary to be assorted to the higher category

 

Fig. 4  Overall survival in dependence of Ku80 expression and treatment. Expression was categorized by staining scores as strong or other. The low num-
bers of p16-positive OPSCC treated solely by surgery prevented a meaningful analysis
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publication presented the small molecule UMI-77 as 
a potent Ku inhibitor in a preclinical screening [52]. 
However, since normal tissue cells use the same DDR 
and DNA repair factors and mechanisms, it remains to 
be shown to what extent the inhibition of such integral 
components as ATM, DNA-PKcs or Ku70/Ku80 will be 
able to induce radiosensitisation in a sufficiently tumour-
specific manner.

Our study has several limitations. The data represent a 
retrospective cohort analysis and single spot TMA analy-
ses do not cover intratumor heterogeneity. The tumor 
specimens were collected over a long time frame (95% 
of tumors treated between 2000 and 2013) with evolving 
techniques in both surgery and RT. However, since tumor 
samples with low Ku80 expression were distributed over 
the entire collection period and the prognosis of HPV-
negative HNSCC has hardly changed over this period, 
we do not expect a relevant bias in survival. Our cohort 
also lacks HPV status so we rely on p16 as a marker of 
HPV-induced tumorigenesis in OPSCC. However, in this 
subsite p16 is a well-established surrogate marker [53] 
and thorough mRNA-based analyses of the HPV status 
clearly demonstrated that in non-oropharyngeal subsites, 
active HPV infections are very rare [37–42]. We there-
fore think that although single HPV-positive tumors may 
be included in our pooled HPV-negative cohort, just as 
single HPV-negative tumors in the group of p16-positive 
OPSCC, they are most unlikely to substantially confound 
the results. Finally, while our data represent the analysis 
of a comparatively large HNSCC cohort, various sub-
groups consist of a rather limited number of patients, 
including the most relevant one with HPV-negative 
tumors showing particularly low Ku80 expression and 
whose treatment included radiotherapy (n = 20). There-
fore, our finding of an especially favorable OS in this 
group has to be considered as hypothesis-generating, and 
confirmation in further retrospective or, ideally, prospec-
tive cohorts is necessary. Further research on the poten-
tial of low Ku80 expression as a valid prognostic marker 
for HNSCC treated with radiotherapy and, if confirmed, 
on the potential as a predictive marker for PARP-inhi-
bition concomitantly applied with radiotherapy in the 

frame of personalized medicine concepts in oncology is 
recommended.

Conclusion
HPV-negative HNSCC with particularly low Ku80 
expression are likely to represent a highly radiosensitive 
subpopulation. This hypothesis should be confirmed in 
independent cohorts.
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