
Abstract. Background/Aim: Radiation dermatitis is
observed in 95% of breast cancer patients receiving
radiotherapy. The aim of this study was to explore the
correlation between protein expression in tumor cells and the
risk of developing radiation dermatitis. Patients and
Methods: Breast cancer patients receiving postoperative
radiotherapy were included in this study. Tumor specimens
from 122 patients were examined by immunohistochemistry
for the expression of Ki67, ataxia telangiectasia mutated
(ATM) kinase, hypoxia-inducible factor-1-alpha (HIF-1a),
inducible nitric oxide synthase (iNOS), and a-glucosidase
(aGluc). The findings were correlated with the occurrence
and severity of radiation dermatitis (Radiation therapy
oncology group-RTOG grading scale), taking into
consideration body weight and skin type (Fitzpatrick system).
Data were explored further via pathway and network
analyses. Results: Correlation of radiation dermatitis (RTOG
scale) with the observed increased expression of Ki67, ATM,
iNOS, HIF-1a and aGluc, failed to reach statistical
significance when skin type and/or body weight were
considered. Network interactions of proteins involved in
tumor growth (Ki67, ATM) and/or affect the oxidation state
of the cell (HIF-1a, iNOS, aGluc) were revealed, that may

contribute to the risk of developing acute radiation
dermatitis. Conclusion: Correlation of the increased
expression of the studied proteins and the occurrence and
severity of radiation dermatitis in women undergoing
postoperative radiotherapy, failed to reach statistical
significance. Pathway and network analyses predicted that
vasodilation and angiogenesis may contribute to radiation-
induced dermatitis via mechanisms that need to be further
explored. Our strategy serves as a paradigm for coupling
histopathological data to molecular findings and network
analyses for risk assessment in the clinic.

Since the first application of X-ray irradiation in cancer
therapy (1), radiotherapy has been extensively used in breast
cancer treatment in an adjuvant setting after lumpectomy or
after mastectomy, aiming to reduce the risk of loco-regional
recurrence (2). 

In this setting, the most common side-effect of
radiotherapy is the acute radiation-induced injury of the skin,
known as radiation dermatitis. According to the Radiation
Therapy Oncology Group (RTOG) toxicity criteria, it is
ranging from redness - erythema to dry or wet desquamation
and on rare occasions, it may progress to deep ulceration (3).
The degree of skin reaction depends on several factors, such
as: irradiation in places where there is contact between
surfaces, areas with folds or where skin integrity has been
ruptured, concurrent chemotherapy or immunotherapy,
associated medical conditions or co-morbidity, chronic
exposure to the sun, smoking, localization of the tumor or
field treated, tumor staging, large irradiated volume, high
dose of total radiation, fractionation of irradiation, the type
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of energy used and patient-related (skin type, body weight
and intrinsic radiosensitivity) factors (4, 5). As erythema is
usually experienced at irradiation doses greater than 20 Gy
(6), skin health is one of the main aspects that radiation
oncologists take upon serious consideration for breast cancer
patients, since the prescribed doses reach 50-60 Gy. 

Exposing the skin to ionizing irradiation leads to a
complex pattern of direct injury and inflammatory cell
recruitment, involving damage to epidermal basal cells,
endothelial cells, and vascular components. Therefore, skin
reaction to radiation is a complex, multifactorial clinical
entity that results from the interaction of multiple genes in
different cellular pathways, including genes related to DNA
damage and repair, apoptosis, profibrotic and inflammatory
cytokines and endogenous antioxidant enzymes (7). A
challenge in modern research is to identify the multiple
genetic variants which affect the cellular and clinical
phenotype and may therefore be useful as biomarkers to
predict normal tissue response after radiation therapy (8).
Single nucleotide polymorphisms in genes related to DNA
repair mechanisms and oxidative stress have been reported
to modify the risk of acute normal tissue complications in
breast cancer patients (9). Many efforts have been made to
reveal the mechanism underlying this side effect that limits
radiation therapy efficacy and applicability (10-17).

The present clinico-pathological study aimed to correlate
the appearance and severity of radiation dermatitis with the
expression of ataxia telangiectasia mutated (ATM) kinase,
nitric oxide synthase (iNOS, the inducible isoform), hypoxia-
inducible factor-1-alpha (HIF-1α), a-glucosidase (aGluc) and
the cellular proliferation marker Ki67, in tumor cells from
breast cancer patients undergoing postoperative radiotherapy.
Furthermore, the interactions between proteins were studied
using pathway and network analyses. Such DNA-damage
and/or cell-cycle markers have been reported to be released
by tumor cells exposed to ionizing radiation mediating cell
signaling or inflammation (18). Upon lethal stimulation
(apoptotic or necrotic signals), irradiated cancer cells release
immunostimulatory molecules leading to “immunogenic cell
death” (19, 20). Even though strictly intracellular, such
markers are present in the extracellular space via non-
classical secretion pathways (21).

Patients and Methods

Recruitment of patients. The study was conducted at the Department
of Radiation Oncology and Stereotactic Radiotherapy, University
Hospital of Patras, Greece, from June 2010 to May 2011. The study
protocol was approved by the local ethical committees according to
national requirements. Patient recruitment and sample collection
were performed with informed consent. One hundred and twenty-
two female patients with histologically proven breast cancer entered
the study and all, but one, were treated with postoperative
radiotherapy according to the current National Comprehensive

Cancer Network (NCCN) guidelines (13). The classification of
patients’ skin type was performed by two observers (EA and DS),
based on the Fitzpatrick scale (22). Demographic and clinical
characteristics of the patients are shown in Table I.

Radiotherapy. Radiotherapy was delivered postoperatively to the
chest wall in 38 patients (31.2%) or to the breast in 84 patients
(68.8%). One hundred five patients (86.1%) were treated with 3D
conformal radiotherapy (3D-CRT) with a daily dose of 1.8-2.0 Gy
to a median total dose of 50 Gy (range 50-58 Gy). Seventeen
patients (13.9%) were treated with a hypofractionated scheme
receiving a total dose of 40.5 Gy in 15 fractions.

Patient evaluation. The skin reaction to radiation was evaluated
according to the RTOG acute radiation toxicity scoring system.
Evaluation was applied in different phases: at the radiotherapy and
periodically 2, 4, 6 months after radiation treatment was completed
(3). A moisturizing cream or the appropriate ointment, based on the
Departments policy, was prescribed to the patients only after skin
lesions appeared, as a daily supportive care.

Immunocytochemistry. Breast tumor specimens were collected from
patients who underwent surgery and stored at –20˚C prior to analysis.
Immunohistochemistry was performed on 4-μm-thick, formalin fixed,
paraffin embedded slides mounted on gelatin-coated glass slides.
Deparaffinization, rehydration and antigen retrieval were performed in
an electric pressure cooker using trilogy retrieval solution (Cell Marque,
Hot Springs, AR, USA) for 30 min. The sections were incubated for 
1-2 h at room temperature with primary polyclonal antibodies against
iNOS (dilution 1:1000, EMD Millipore, Temecula, CA, USA) and
aGluc (dilution 1:500, SantaCruz, Dallas Tx, USA), and monoclonal
antibodies against HIF-1α (dilution 1:500, Neomarkers, Bioanalytica,
Fremont, USA), Ki67 (dilution 1:50, Dako, Carpinteria, CA, USA) and
ATM (dilution 1:500, Novus Biologicals, Littleton, CO, USA). Sections
were then incubated with Dako Envision Labelled Polymer (Dako,
Carpinteria, CA, USA) for 30 min. Diaminobenzidine (Dako,
Carpinteria, CA, USA) was used as chromogen. Nuclear stain was
considered as positive staining. Primary antibodies were replaced with
Tris buffer solution 1% for negative control slides. As previously
described (23), the evaluation of tissue sections was performed by two
independent observers (EA and DS), blinded to the clinical
characteristics of the tumors and the clinic-pathological data of the
patients. To address immunoreactivity, the H-score was calculated using
the following mathematical formula: H-score=(1× percentage of weakly
positive cells) + (2× percentage of moderately strong positive cells) +
(3× percentage of strongly positive cells), ranging from 0 to 300. The
intensity and the % percentage of positively stained cells as well as the
localization of the staining reaction (nuclear, cytoplasmic, or both
nuclear and cytoplasmic) was recorded. 

Pathway and Network analysis. For pathway analysis, HIF-1α,
Ki67, ATM and iNOS protein-protein interactions, both direct
(physical) and indirect (functional), were investigated using Search
Tool for the Retrieval of Interacting Genes/Proteins (STRING)
database (http://string-db.org/) (24, 25). Interactions were also
searched and mined from InnateDB database (26). Expression
networks were illustrated using Cytoscape 3.6.0 software (27).

Statistical analysis. Data analysis was performed using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA). The results were
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tabulated and analyzed using appropriate statistical techniques. To
describe about the data, descriptive statistics, mean, and standard
error were used. A p-value <0.05 was considered statistically
significant for all tests. Zero-order and first-order partial correlation
was used to investigate the association between the expression of
the studied molecules (Ki67, ATM, HIF-1α, iNOS, aGluc) in tumor
cells and the degree of radiation dermatitis (RTOG grading scale)
in breast cancer patients, taking into account body weight and skin
type. In addition, the Bootstrap method reinforced the exploratory
process of partial association. Calculation of the minimum sample
size using the G-Power 3 software showed that given a ρH0=0,
ρH1=0.5, α=0.05, and N=122, the statistical power was 99.9%.

Results
Clinico-pathological observations. A total of 122 breast
cancer patients, aged 60.8±2.5 and weighing 73.7±12.3, were
enrolled in the study. Thirty-one patients (25.4%) had no
signs of acute skin toxicity, while 91 (74.6%) developed
radiation dermatitis. Table II displays the classification of
patients according to skin type and the corresponding grade
of skin toxicity. At the end of radiation treatment, 48 patients
(39.4%) experienced grade I skin toxicity, while 31 patients
(25.4%) developed grade II and 12 patients (9.8%)

experienced grade III radiation dermatitis. None of the
participants showed grade IV skin toxicity. In total, 74.6% of
the patients experienced any degree of skin toxicity. The
immunohistochemical analysis of all tissue specimens was
performed as previously described (23) and showed that the
H-score for ATM was 28.19 (range 0-60), for Ki67 was 31.39
(range 5-90), for iNOS was 28.85 (range 0-45), for HIF-1α
was 30.81 (range 0-70) and for aGluc was 26.88 (0-60).

Partial correlation analysis. No statistically significant
correlations were obtained when radiation dermatitis (RTOG
grading) and the increased expression of Ki67 (rho=–0.112,
p=0.218, Bootstrap-bias=0.001), ATM (rho=0.031, p=0.733,
Bootstrap-bias=–0.002), iNOS (rho=0.057, p=0.531, Bootstrap-
bias=0.000), HIF-1α (rho=–0.105, p=0.249, Bootstrap-bias=–
0.002), and aGluc (rho=–0.035, p=0.706, Bootstrap-bias=0.001)
were considered (Table III). When radiation dermatitis (RTOG
grading), body weight, and the increased expression of Ki67
(rho=–0.139, p=0.129, Bootstrap-bias=0.008), ATM
(rho=0.022, p=0.815, Bootstrap-bias=–0.005), iNOS
(rho=0.076, p=0.407, Bootstrap-bias=–0.001), HIF-1α (rho=–
0.143, p=0.118, Bootstrap-bias=0.004), and aGluc (rho=–0.077,
p=0.401, Bootstrap-bias=0.003) were evaluated, data analysis
resulted in no statistically significant correlations (Table IV).
Radiation dermatitis (RTOG grading), skin type and the
increased expression of Ki67 (rho=–0.137, p=0.134, Bootstrap-
bias=0.002), ATM (rho=0.018, p=0.844, Bootstrap-bias=–
0.001), iNOS (rho=0.081, p=0.375, Bootstrap-bias=0.001),
HIF-1α (rho=–0.150, p=0.100, Bootstrap-bias=0.001), and
aGluc (rho=–0.078, p=0.397, Bootstrap-bias=0.003) also failed
to reach statistical significance (Table V).

Pathway and network analysis. The STRING database was
interrogated for HIF-1α, Ki67 (MK167), ATM and iNOS
(NOS2) and Homo sapiens (organism). Analysis was
focused on i) “response to radiation” (p-value of 1.409e-2
for HIF-1α, ATM, IL1R1 and IL1B), ii). “regulation of
inflammatory response” (p-value of 3.629e-3 for IL6, IL1R1
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Table II. Distribution of skin toxicity grading for various skin types.

                                                                RTOG grading

                                      -                   I               II               III              IV

Skin type       -               0                  0               0                0                0
                      I               0                  1               1                0                0
                      II             11                17             10               7                0
                      III           18                26             20               3                0
                      IV            2                  4               0                2                0
                                     31                48             31              12               0

RTOG, Radiation Therapy Oncology Group.

Table I. Clinico-demographic characteristics of breast cancer patients.

Clinical and demographic features

Age in years [median (min-max)]                                        [61 (26-90)]
Patient weight [median (min-max)]                                    [73 (50-116)]
Skin type (Fitzpatrick scale)
   I                                                                             2                 (1.6%)
   II                                                                          45               (36.9%)
   III                                                                         68               (55.7%)
   IV                                                                          7                 (5.7%)
Tumor localization
   Right breast                                                         56               (45.9%)
   Left breast                                                           65               (53.3%)
   Both breasts                                                         1                 (0.8%)
Histology
   Ductal invasive                                                   82               (67.2%)
   Ductal invasive + DCIS                                     30               (24.6%)
   Lobular invasive                                                  7                 (5.7%)
   Other                                                                     3                 (2.5%)
T stage
   1                                                                           43               (35.3%)
   2                                                                           56               (45.9%)
   3                                                                           17               (13.9%)
   4                                                                            6                 (4.9%)
Type of surgery
   Breast conserving surgery                                  84               (68.9%)
   Mastectomy                                                         38               (31.1%)
Radiotherapy schedule
   3D-CRT                                                              104              (85.2%)
   Hypofractionated                                                17               (13.9%)

DCIS, Ductal carcinoma in situ; 3D-CRT, 3-dimensional conformal
radiotherapy.



and IL1B), and iii) “response to wounding” (p-value of
1.010e–4 for HIF-1α, NOS2, IL1B, IL6, VWF and PTGIR).
The resulted predicted protein interactions are depicted in
Figure 1 accompanied by their interaction (Figure 1A),

evidence (Figure 1B) and confidence (Figure 1C) scores.
Findings were in agreement with InnateDB outcomes.
Networks were illustrated and explored further with
Cytoscape.
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Table III. Partial correlation analysis revealed no statistically significant correlations between radiation dermatitis (RTOG grading) and the
increased expression of the selected protein markers.

                                                                                                                                                                  Ki67          ATM        iNOS       HIF-1α       aGluc

Spearman’s rho     RTOG        Correlation coefficient                                                                          –0.112        0.031        0.057        –0.105      –0.035
                                                 Significance (2-tailed)                                                                            0.218         0.733        0.531         0.249        0.706
                                                 N                                                                                                               122            122           122            122            122
                                                 Bootstrap                             Bias                                                            0.001        –0.002       0.000        –0.002       0.001
                                                                                              Standard error                                            0.081         0.083        0.092         0.087        0.089
                                                                                              95% Confidence interval       Lower       –0.269       –0.128      –0.128       –0.290      –0.214
                                                                                                                                               Upper         0.040         0.189        0.229         0.061        0.142

Bold values indicate two-tailed significance and the corresponding bootstrap biases; RTOG, Radiation Therapy Oncology Group; ATM, ataxia
telangiectasia mutated kinase; iNOS, inducible nitric oxide synthase; HIF-1α, hypoxia-inducible factor-1-alpha; aGluc, a-glucosidase.

Table IV. Partial correlation analysis of radiation dermatitis (RTOG grading) and the increased expression of specific protein markers, adjusted
for body weight.

Control variables                                                                                                                                      Ki67          ATM        iNOS       HIF-1α       aGluc

Weight                   RTOG        Correlation coefficient                                                                          –0.139        0.022        0.076        –0.143      –0.077
                                                 Significance (2-tailed)                                                                            0.129         0.815        0.407         0.118         0.401
                                                 df                                                                                                               119            119           119            119            119
                                                 Bootstrap                             Bias                                                            0.008         0.005       –0.001        0.004        0.003
                                                                                              Standard error                                            0.086         0.084        0.085         0.089        0.086
                                                                                              95% Confidence interval       Lower       –0.295       –0.133      –0.090       –0.309      –0.242
                                                                                                                                               Upper         0.038         0.195        0.245         0.030        0.094

Bold values indicate two-tailed significance and the corresponding bootstrap biases; RTOG, Radiation Therapy Oncology Group; ATM, ataxia
telangiectasia mutated kinase; iNOS, inducible nitric oxide synthase; HIF-1α, hypoxia-inducible factor-1-alpha; aGluc, a-glucosidase; df, degrees
of freedom.

Table V. Partial correlation analysis of radiation dermatitis (RTOG grading) and the increased expression of specific protein markers, adjusted for
skin type.

Control variables                                                                                                                                      Ki67          ATM        iNOS       HIF-1α       aGluc

Skin type               RTOG        Correlation coefficient                                                                          –0.137        0.018        0.081        –0.150      –0.078
                                                 Significance (2-tailed)                                                                            0.134         0.844        0.375         0.100        0.397
                                                 df                                                                                                               119            119           119            119            119
                                                 Bootstrap                             Bias                                                            0.002        –0.001       0.001         0.001        0.003
                                                                                              Standard error                                            0.079         0.084        0.087         0.083        0.090
                                                                                              95% Confidence interval       Lower       –0.282       –0.149      –0.084       –0.309      –0.247
                                                                                                                                               Upper         0.017         0.190        0.263         0.013         0.110

Bold values indicate two-tailed significance and the corresponding bootstrap biases; RTOG, Radiation Therapy Oncology Group; ATM, ataxia
telangiectasia mutated kinase; iNOS, inducible nitric oxide synthase; HIF-1α, hypoxia-inducible factor-1-alpha; aGluc, a-glucosidase; df, degrees
of freedom.



Discussion

In the literature it is reported that approximately 90% of
patients will develop skin erythema during a standard course
of radiation therapy and 10% of them will manifest grade III
radiation dermatitis (28), despite the progress of modern
radiation techniques (29). Radiation therapy-induced acute
dermatitis, though reversible in the vast majority of cases,
can affect the radiotherapy schedule, negatively influence the
quality of life of patients, and may require adequate
treatment (30). 

Factors that affect the occurrence and severity of radiation
dermatitis caused by radiotherapy are the irradiated body
surface area, the total dose and dose per fraction, the
radiotherapy equipment used, the overall treatment time, as
well as the concomitant chemotherapy, immunotherapy, and
hormonal therapy (10). Another determining factor is the
interval between chemotherapy and radiotherapy, where a
period of 3 - 4 weeks is needed to ensure safety (31). It is
well known that specific genes are associated with altered

cellular radiosensitivity. For example, breast cancer patients
that possess ATM mutations were reported to exhibit an
increase in subcutaneous late tissue effects after radiotherapy
(32), although other studies have questioned any increased
radiation-induced acute or late skin or subcutaneous
reactions in this population (33). It has also been reported
that collagen vascular diseases are not associated with
increased radiation therapy complications (34).

In the current clinical study, we explored the expression
of selected molecules with emphasis on DNA repair, tumor
growth (Ki67, ATM) and/or affect the oxidation state of the
cell (HIF-1a, iNOS, aGluc) on tumor cells and their
association with the development of radiation dermatitis. The
heterodimeric protein HIF-1α is the major regulator of
oxygen homeostasis (35, 36). In breast cancer, particularly,
HIF-1α overexpression has been demonstrated in ductal, in
situ and invasive carcinomas (37) and hence, HIF-1α
polymorphisms have been examined as a marker of response
to treatment (38). In our study, the correlation of HIF-1α
expression levels with radiation dermatitis failed to reach
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Figure 1. A schematic representation of clinico-pathological and immunohistochemical data coupled to network and pathways analysis applied to
patient stratification and personalized radiotherapy. For each individual patient, several data sets were collected and upon their integration and
analysis, information on specific module alterations were provided (such as tumor growth or oxidation cell state). Upon the STRING database
interrogation for HIF-1a, Ki67 (MK167), ATM and iNOS (NOS2) and Homo sapiens (organism), the resulted predicted protein interactions are
depicted accompanied by their interaction (A), evidence (B), and confidence (C) scores. Such information may support evidence-based patient
stratification.



statistical significance. ATM kinase is involved in cellular
stress responses, cell cycle check point control, and DNA
repair. The clinical association between patients producing
non-functional ATM and the subsequent responses to
ionizing radiotherapy has been described, although ATM is
not the only one responsible for adverse radiotherapy
responses (39, 40). Our study did not show any association
of ATM actinic dermatitis with ATM expression levels. 

Focusing on Ki67 expression, no association with the
occurrence of actinic dermatitis was reported. The Ki67
antigen is a nuclear protein associated with cellular
proliferation, it is frequently used as a cell proliferation
marker, and is often correlated with the clinical course of
cancer (41). Somaiah et al. found that the percentage of Ki67
positive cells in normal skin that were in S-G2 phase of the
cell cycle (cyclin A-positive) were significantly increased
after week 1 of radiotherapy, and this increase was
maintained at the end of 5 weeks, suggesting that both skin
epithelial cells and cancer cells, especially those with a high-
proliferative index, display an increased homologous
recombination frequency (42). 

The increased expression of iNOS showed no correlation
with the incidence of radiation dermatitis. Nitric oxide (NO)
acts as a regulatory agent in the vascular, nervous, and
immune system, and contributes to the adhesion and
activation of platelets and angiogenesis, especially in
irradiated tissues (43, 44). Previous studies have also reported
that iNOS expression may predict acute skin toxicity in breast
cancer patients undergoing radiotherapy (45, 46). 

Finally, lysosomal aGluc is known to be involved in
cancer processes (47, 48), while breast cancer risk factors
that could initiate the activity of lysosomal enzymes include
ionizing radiation and oxidative stress (49). In addition, to
the best of our knowledge, no literature data report the direct
association of aGluc with radiation dermatitis. Thus, aGluc
tissue levels were determined in the present study and no
correlation between aGluc expression and the incidence of
radial dermatitis was shown.

Even though the molecular targets in question were
selected on the basis of extensive literature and research data
on breast cancer, radiation therapy, and radiation dermatitis,
correlations in all cases presented did not reach statistical
significance. This might be due to sample size limitations,
since only 122 patients met the inclusion criteria that could
produce a highly homogeneous sample. Furthermore,
radiation dermatitis is a complex trait that consists of genetic
and environmental components and whose mechanisms
slowly unravel through radiogenomics.

Rattay and Talbot reported that after the evolution of DNA
sequencing and bioinformatics, radiogenomics has emerged as
a new research field aiming to reveal the genetic determinants
of adverse reactions to radiotherapy (50). Ultimately,
radiogenomics is focused on the prediction of cancer patients

that might develop radiosensitivity or radioresistance, aiming
to reduce adverse reactions or increase the efficacy of
radiotherapy (9, 51-54). It is now well-established that clinical
radiosensitivity, which varies greatly among cancer patients,
can be an critical limiting factor of therapy (54). So far,
several molecular mechanisms have been proposed, in which
DNA repair mechanisms and damage detoxification processes
are considered fundamental (9). 

In this study, although histopathological analysis did not
show any statistical significant difference, pathway and
network analyses revealed interactions of proteins involved
in tumor growth (Ki67, ATM) and/or affect the oxidation
state of the cell (HIF-1a, iNOS, aGluc), which may
contribute to the risk of developing acute radiation dermatitis
(Figure 1). Such findings predict that vasodilation and
angiogenesis contribute to radiation-induced dermatitis in the
studied breast cancer patient cohort. Herein, the expression
of selected molecular markers was determined in breast
tumor specimens of women who developed any degree of
radiation dermatitis (non-tumor tissue) implying a role for
both proximal and distant cell-cell communication. This
hypothesis needs to be explored further. 

Conclusion

Radiation dermatitis (RTOG grading) and the increased
expression of Ki67, ATM, iNOS, HIF-1α, and aGluc observed
in women undergoing postoperative radiotherapy became
evident, even though our study failed to reach statistical
significance when skin type and/or body weight were
considered, possibly due to sample size limitations and
stringent inclusion criteria. Network interactions of proteins
involved in tumor growth (Ki67, ATM) and/or affecting the
oxidation state of the cell (HIF-1α, iNOS, aGluc) were
revealed, that may contribute to the risk of developing acute
radiation dermatitis. Further prospective and functional studies
should be performed to thoroughly understand the pathways
involved in the mechanism of actinic dermatitis development
and the identification of high-risk patients as well as the
correlation of specific markers with local recurrence and
overall survival. Our strategy serves as a paradigm for
coupling histopathological data to molecular findings and
network analyses for risk assessment in the clinic.
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