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Objectives: Most early stage laryngeal squamous cell carcinomas (LSCC) are treated with radiotherapy. Discovery of new
biomarkers are needed to improve prediction of outcome after radiotherapy and to identify potential targets for systemic
targeted therapy. The ataxia telangiectasia mutated (ATM) gene plays a critical role in DNA damage response induced by ionizing
radiation.

Methods: The prognostic value of immunohistochemical expression of pATM, pChk2, and p53 were investigated in
141 patients with T1-T2 LSCC curatively treated with external beam radiotherapy. Uni- and multivariable Cox regression ana-
lyses were performed to examine the relation between expression levels of markers and local control.

Results: Local control was significantly worse in cases with high levels of pATM (HR 2.14; 95% CI, 1.08–4.24; P = .03).
No significant associations with local control were found for pChk2 and p53 expression. The association of high pATM expres-
sion with poor local control was only found for supraglottic LSCC (HR 10.9; 95% CI, 1.40–84.4; P = .02).

Conclusion: Our findings suggest a potential role for ATM in response to radiotherapy in early stage supraglottic LSCC
and imply ATM inhibition as a possibility to improve response to radiotherapy.
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INTRODUCTION
Early stage laryngeal squamous cell carcinoma

(LSCC) is treated with radiotherapy, endoscopic surgery
(mostly with CO2 laser) or external partial surgery.1,2

Although a recent meta-analysis suggests that surgery
may result in less disease specific mortality compared to
radiotherapy in early stage supraglottic LSCC,3 previ-
ously no differences were found in disease-specific sur-
vival between these different treatment modalities.4,5

Therefore, functional outcome, in particular voice quality,
is an important factor in the choice of treatment. Hence,
in the Netherlands most early stage LSCC patients are
treated with radiotherapy as a single modality treatment,

because of its ability to preserve laryngeal function.6 In
the last 30 years the oncologic outcomes for early stage
LSCC has hardly improved.7,8 In the Netherlands, the
5-year overall survival rates of stage I and II laryngeal
cancer is 80% to 96% in glottic and 63% to 73% in sup-
raglottic cancer,9 similar to results reported by others.5,8

Survival is affected by the rate of local recurrences
observed in approximately 25% of patients treated with
radiotherapy.1,6,10–14 Patients who develop local recur-
rences after radiotherapy mostly require total laryngec-
tomy with high morbidity. Prediction of patients who are
likely to develop local recurrence after radiotherapy
would therefore be useful since they might benefit from
other treatment strategies. Discovery of new biomarkers
are needed to improve prediction of outcomes after
radiotherapy and to identify potential targets for altered
treatment options. Radiotherapy affects cell growth by
inducing DNA damage, including DNA double-strand
breaks (DSB), which lead to cell death by the activation
of a complex DNA-damage response (DDR) pathway
that controls cell cycle checkpoints, DNA repair, and apo-
ptosis.15,16 Central in the DDR is the protein kinase
ataxia telangiectasia mutated protein (ATM). DNA
DSB induced by ionizing radiation leads to autophos-
phorylation of ATM (pATM) that subsequently phosphor-
ylates a variety of substrates including the Checkpoint
kinase 2 (pChk2).17–19 When activated, pChk2 is known
to inhibit CDC25C phosphatase, preventing entry into
mitosis. Activated pChk2 has also been shown to
phosphorylate p53 resulting in cell cycle arrest and
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apoptosis.20–22 The tumor suppressor gene p53 can also
be directly phosphorylated by ATM in response to DNA
damage.23,24

In the 1960s it was already reported that ataxia-
telangiectasia patients, who frequently carry mutations in
the ATM gene, have a predisposition to malignancy and
are hypersensitive to irradiation.25,26 Consistent with
this observation, down-regulation of ATM was found to
result in increased radiosensitivity in cervical cancer cells
in vitro.27 Also in patients with cervical cancer treated
with (chemo)radiation, high immunohistochemical expres-
sion levels of pATM were linked to poor loco-regional dis-
ease free survival.27 The role of immunohistochemical
expression of ATM in response to radiotherapy was
reported in only one study in a series of 21 patients with
early stage laryngeal cancer of the glottis without a corre-
lation with local control.28

The aim of this study was to investigate whether local
control after radiotherapy in laryngeal cancer is associated
with the ATM-associated DDR pathway activity. For this
purpose, we tested the immunohistochemical expression of
pATM, pCHK2, and p53 in 141 pre-treatment biopsies in a
well-documented series of early stage laryngeal cancer
patients, primary treated with radiotherapy.

MATERIALS AND METHODS

Patients
We selected a well-defined homogenous group of 141 patients

with stage T1-T2 histologically confirmed LSCC treated with
radiotherapy with curative intent. This group was composed of
two previous reports29,30 from a database covering 1,286 patients
with LSCC diagnosed or treated at the University Medical Center
Groningen between 1990 and 2008. Of all patients, clinical, histo-
pathological, and follow-up data were collected from our depart-
ment archives. To attain a homogenous series and yet sufficient
numbers of patients the inclusion criteria for this study were: his-
tologically proven LSCC; stage T1 or T2; M0; curatively treated
with radiotherapy; no prior treatment or pretreatment; formalin-
fixed and paraffin-embedded tumor material available.

The database contained 247 patients with T1–T2 LSCC. Ten
patients were excluded because of prior regional radiotherapy,
chemotherapy, or concurrent second primary malignancies. All
pretreatment biopsy slides were revised and tumor percentages
were estimated by an experienced pathologist. Of 237 remaining
biopsy specimens, 141 contained sufficient tumor tissue for immu-
nohistochemical staining.

The routine patient follow-up ended after 5 years, with
visits at the outpatient clinic every 3 months in the first 2 years
and every 6 months in the third through fifth year.

Treatment
All patients included in this study were primarily treated

with radiotherapy only in the University Medical Center Gro-
ningen or one of the affiliated hospitals, Isala in Zwolle or the Med-
ical Center Leeuwarden. Radiotherapy was administered using
6MV linear accelerator equipment as previously described.29,30 In
short, until the year 2000 patients were treated with two opposing
lateral fields with a median fraction dose of 2 Gy five times weekly
with a total dose of 66 Gy to 70 Gy. From 2000, patients were gen-
erally treated with 6 fractions/week up to 70 Gy in 6 weeks. In case
of lymph node metastasis, a total dose of 46 Gy was electively

delivered to the primary planning target volume together with an
additional boost of 70 Gy to the primary clinical target volume
(CTV) of tumor and pathologic lymph nodes. In general CTV con-
sisted of the gross tumor volume with or without pathological
lymph nodes with 1-cm margins. The boost volume consisted of the
tumor and positive lymph nodes with 0.5-cm margins. Before 2000,
field arrangements were set by direct simulation. After 2000,
contrast-enhanced CT scans were used for planning. Most patients
who developed local recurrence after radiotherapy were salvaged
with total laryngectomy.

Immunohistochemistry
Through a series of ethanol dilutions and phosphate-buffered

saline (PBS), 4-um paraffin sections of pretreatment tumor biop-
sies were deparaffinized and rehydrated. Antigen retrieval was
achieved by heating Ethylene-diamine-tri-acetic (EDTA) buffer
pH 8.0 (for pATM) and Tris/EDTA buffer pH 9.0 (for p53, pChk2)
in a microwave oven for 20 minutes. To block endogenous peroxi-
dase, 0.3% hydrogen peroxidase was applied for 30 minutes at
room temperature. The slides were incubated for 1 hour with
pATM rabbit monoclonal antibody clone EP1890Y (Epitomics,
Burlingame, CA, USA) dilution 1:50, p53 monoclonal mouse anti-
body clone DO-7 (DakoCytomation, Glostrup, Denmark) dilution
1:1,000 at room temperature and with pChk2 rabbit monoclonal
antibody clone C13C1 (Cell Signaling Technology, Leiden, The
Netherlands) dilution 1:50 overnight at 4�C. This was followed by
EnVision (Dako, Glostrup, Denmark) for pATM and p53. For
pChk2, polyclonal goat anti-rabbit immunoglobulins/horseradish
peroxidase (HRP) (GARpo, Dako, Glostrup, Denmark) and poly-
clonal rabbit anti-goat immunoglobulins/HRP conjugated (RAGpo,
Dako, Glostrup, Denmark) dilution 1:100 in 1% bovine serum albu-
min/PBS complemented with 1% human AB serum was used as
secondary and tertiary antibody, respectively. As quaternary step
again GARpo dilution 1:100 was used. The peroxidase reaction
was performed by applying 3.30-diaminobenzide tetrachloride
(DAB) and the slides were counterstained with hematoxylin. Tis-
sue specimens of human urinary bladder cancer for pATM, human
testis for pChk2 and human oral squamous cell carcinoma for p53
were used as a positive control.31,32

Evaluation of Staining
For the three different antibodies, scoring methods were set

with an experienced pathologist based on existing literature. Only
in malignancies other than LSCC, few studies performed immuno-
histochemistry with antibodies against pATM and pChk2.27,33–35

In contrast, in hundreds of studies p53 immunohistochemistry was
reported using different kinds of antibodies, procedures, and scor-
ing criteria. For this study, we focused on those studies using
immunostaining of p53 in relation with response to radiotherapy in
LSCC and found clone DO-07 was used in most studies36–42 For all
three antibodies we assessed immunoreactivity only in the nucleus
of neoplastic cells and nuclear staining above the level of any cyto-
plasmic background was considered as positive staining. The per-
centages of positively stained neoplastic cells in total neoplastic
area were scored by two separated teams. The intensity for all
three antibodies was relatively homogeneous and, therefore, was
not incorporated into the scoring method. Differences in results
were resolved in a consensus meeting.

Definitions for Expression Levels
Tumors with a percentage of positively stained neoplastic

cells greater than a predetermined cut-off value, were considered
as high expression, and those with below the cut-off as low
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expression. Because clone DO-07 antibody against p53 recognizes
expression of both wild type and mutant forms of the human p53
protein, many studies used cut-off values for aberrant expression
higher than 5%, 10%, or even 20% of positively stained neoplastic
cells without reason.38,39,43 Nevertheless, none of these cut-off
values showed a relation with clinical outcome after
radiotherapy36–42 The mutant p53 associated with very high per-
centages of strongly stained neoplastic cells was not taken into
consideration in previous studies. Besides different staining pro-
tocols and cut-off values, this may be one of the explanations for
the divergent results when looking at the relationship with clini-
cal outcome. Because no studies are available in LSCC showing
the optimal cut-off values for low and high expression for pATM,
pChk2, and p53, cut-off values of the percentages for dichotomi-
zation of the data were determined for each staining individually
using receiver operating characteristic (ROC) curve analysis.44

The optimal cut-off between sensitivity and specificity in
predicting for local recurrence was chosen as the strongest devia-
tion from the reference line. Tumors with a percentage of positive
staining greater than the cut-off level were considered to have
high expression, and those with less than the cut-off to have low
expression. For ROC curve analysis of p53 expression, we
excluded all mutant p53 cases defined as negative (<10%) and
totally positive (>90%) staining. For the expression of ATM and
Chk2, we deliberately chose the active, therefore phosphorylated,
isotype of ATM (paTM) and Chk2 (pChk2). We have therefore
assumed that the expression of pATM and pChk2 purely repre-
sents the active, non-mutant form of ATM and Chk2.

Statistical Analysis
Follow-up time was defined as time from diagnosis until

last follow-up with a maximum of 5 years or shorter when the
patient died earlier or was lost to follow-up. Local recurrence
was defined as tumor recurrence at primary tumor site within
5 years. Local recurrence time was the time from diagnosis to
local recurrence or last follow-up. Local control was defined as
having no local recurrence within 5 years after diagnosis.

To investigate the correlation between local control and
expression of pATM, pChk2, p53, as well as age, gender, T-stage,
N-stage, and sublocation of tumor uni- and multivariable Cox

regression analysis were used. Kaplan–Meier survival analyses
were performed for illustration. Age, gender, T-stage, N-stage,
and sublocation of tumor were included in the multivariate Cox

TABLE I.
Patient and Tumor Characteristics of All Patients at Baseline

(n = 141).

Characteristics No. of Patients (%)

Age (y)

Median (range) 64 (33–95)

Gender

Female 21 (14.9)

Male 120 (85.1)

Localization

Glottic 93 (66.0)

Supraglottic 48 (34.0)

cT-stadium

T1 61 (43.3)

T2 80 (56.7)

cN-stadium

N0 125 (88.7)

N+ 16 (11.3)

N = node; T = tumor.

Fig. 1. Example of a biopsy from a laryngeal tumor showing a high
expression in immunohistochemical staining for (A) pATM, (B) pChk2,
and (C) p53. Original magnification 200x.
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regression model to analyze the independent value of pATM
expression. P values of <.05 were considered statistically signifi-
cant. All statistical tests were performed using IBM SPSS Statis-
tics version 23 (Armonk, NY, USA).

RESULTS

Patient Characteristics
Patient and tumor characteristics of the 141 included

patients are presented in Table I. Most patients were male
in their seventh decade of life and the ratio between a
glottic and supraglottic sublocation was about 2:1. The
overall median follow-up time was 60 months (range
1–60 months). Thirty-four patients (24%) developed a local
recurrence in the median follow-up time of 12.5 months
(range 2–46 months). Forty-three (31%) patients died in
the follow-up period after a median time of 25 months
(range 5–57 months) of which 18 patients deceased as a
result of the original oncological disease. In 13 of them
local recurrence was noted. Results did not change during
the time span of this study.

Cut-Off Values for Low and High Expression for
pATM, pChk2, and p53

Using the optimal sensitivity and specificity predicting
local recurrence, for pATM the cut-off was set at 92% and

TABLE II.
Patient Characteristics, Tumor Characteristics,

Immunohistochemical Expression in Relation to Local Recurrence
(n = 34).

Characteristics
No. of Patients With
Local Recurrence (%)

Univariable HR
(95% CI) P

Age (y)

<65 18/74 (24.3) 1.07 (0.55–2.11) .84

≥65 16/67 (23.9) 1

Gender

Female 3/21 (14.3) 1

Male 31/120 (25.8) 1.94 (0.59–6.34) .27

cT-stadium

T1 11/61 (18.0) 1

T2 23/80 (28.8) 1.77 (0.86–3.62) .12

cN-stadium

N0 28/125 (22.4) 1

N+ 6/16 (37.5) 2.0 (0.83–4.85) .12

Location

Glottis 22/93 (23.7) 1

Supraglottis 12/48 (25) 1.04 (0.52–2.11) .90

pATM

Low 20/103 (19.4) 1

High 14/38 (36.8) 2.14 (1.08–4.24) .03*

pChk2

Low 31/136 (22.8) 1

High 3/5 (60.0) 3.16 (0.96–10.37) .06

p53

Low 2/11 (18.2) 1

High 14/65 (21.5) 1.31 (0.30–5.75) .72

CI = confidence interval; HR = hazard ratio; N = node; T = tumor.
*Signifies statistically significant relation.

Fig. 2. Local control rate as a function of (A) pATM and (B) pATM
stratified for glottic/supraglottic location.
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for pCHK2 at 69% positively stained tumor cells. For p53
we excluded all cases with negative (n = 60) and totally pos-
itive (n = 5) staining to analyze only the cases with func-
tional p53 protein. For the remaining 76 cases the optimal
cut-off for low and high p53 expression was 26% positively
stained tumor cells.

Expression of pATM, pChk2, and p53
Overall, we found a high percentage of pATM posi-

tively stained tumor cells (median 85%, range 0–98%),
38 patients having high expression above the threshold of
92% as set by the ROC analysis. The percentages of posi-
tive nuclei were considerably lower for pCHK2 (median
8.6% and five patients with high expression above 69%).
For 53, the median percentage of positively stained tumor
cells was 60.0% in 76 selected cases without mutant p53
expression. Of those, 65 patients showed high expression
above 26%. Examples of typical staining patterns are
illustrated in Figure 1.

High Expression of pATM is Associated With
Poor Response to Radiotherapy

Univariable Cox regression analysis (HR 2.14, 95%
CI, 1.08–4.24, P = .03) as well as Kaplan–Meier survival
analysis (long-rank: P = .03) showed that high pATM
expression was significantly associated with poor local
control (Table II and Fig. 2A). Expression of pCHK2
(HR 3.16; 95% CI, 0.96–10.37; P = .06) and p53 (HR 1.31;
95% CI, 0.30–5.75; P = .72) as well as clinico-pathological
features as tumor size, lymph node status, gender, and
age were not prognostic for local control (Table II). Multi-
variable analysis showed that high pATM expression was
independently associated with poor local control
(HR 2.26; 95% CI, 1.05–4.88; P = .04).

pATM is Associated With Local Control Only in
Supraglottic LSCC

Since tumors originating from the glottis and supra-
glottis have been suggested as different entities,31 we also
evaluated the prognostic value of pATM, pCHk2, and p53
expression in these sublocations separately (Table III).
This analysis revealed that the association of high pATM
with local control was restricted to the 48 supraglottic
(HR 10.9; 95% CI, 1.40–84.4; P = .02) and not to the
93 glottic LSCC (HR 1.06; 95% CI, 0.31–3.57; P = .93)
(Table III and Fig. 2B). Stratification by localization did
not reveal a significant association between the expres-
sion of pChk2 and p53 and local control (Table III).

DISCUSSION
We investigated the prognostic value of the expres-

sion of proteins involved in the ATM-associated DDR path-
way in a well-defined homogeneous series of T1-T2
laryngeal cancer patients treated with radiotherapy with
curative intent. High pATM expression showed a correla-
tion with poor local control, exclusively in supraglottic

tumors. No associations were found between pChk2 and
p53 expression with local control.

To our knowledge this is the first time that the
phosphorylated isoform of ATM (pATM) was assessed with
immunohistochemistry in a well-defined series of T1-T2
laryngeal cancer patients primarily treated with radiother-
apy to validate the prognostic value for local control. Only
one study has investigated the immunohistochemical
expression of non-phosphorylated ATM in correlation with
radioresponse in a very small series of 21 glottic laryngeal
cancers but no correlation was found.28 Despite of the small
size of the study, their results could be in agreement with
our findings that high pATM expression is not associated
with local control in patients with glottic but solely in
patients with supraglottic LSCC. Another explanation is
that they studied the expression of non-phosphorylated
ATM. Bartkova et al. found that most human tissues con-
tain the non-phosphorylated isoform of ATM and the phos-
phorylated isoform is normally absent.31 In normal cells,
nuclear staining of pATM was only detected in bone-
marrow lymphoblasts and primary spermatocytes, cell
types in which DSB are generated during physiology. In
contrast, in various malignancies expression of pATM was
already detected in the early phase of carcinogenesis.32

In this study, we found only a predictive value of
pATM in supraglottic tumors. Although the supraglottic
LSCC demonstrated a similar recurrence rate as the glottic
LSCC in this study, there were differences as well. In the
supraglottic LSCC, significantly more T2-staged tumors
(P = .005) and more N+ cases were present (P < .001).
These differences between glottic and supraglottic LSCC
have been known for years,45 suggesting they might repre-
sent different entities. On an embryological basis, the sup-
raglottis develops from the buccopharyngeal sac, whereas
the (sub)glottis develops from the tracheopulmonary sac.
Moreover, exposure of the different sublocations to carcino-
gens, such as tobacco and alcohol, cannot be considered
identical and also might explain the variation in clinical
outcome, genomic alterations, and protein expression
levels.

In response to the difference in results between glottic
and supraglottic LSCC, we also looked into ROC-based cut-
off values for each sub-location separately (data not shown).
Interestingly, for sub-analysis of the supraglottic LSCC,
exactly the same cut-off value of 92% emerged. The sub-
analyses did not change the results of pChk2 and p53 pre-
dictive value, emphasizing that the groups have become so
small that the power is missing.

Previously, we investigated whether pATM expression
was associated with response to (chemo)radiation and
found that high levels of pATM were related to poor
locoregional disease-free survival in a cohort of 375 patients
with cervical carcinoma.27 In addition, in cervical carci-
noma cell lines we showed that high levels of active ATM
prior to irradiation were related with increased radio-
resistance in vitro. Clonogenic survival analysis revealed
that ATM inhibition strongly radiosensitized cervical can-
cer cells but not non-transformed epithelial cells and fibro-
blasts. In one study using head and cancer cells, inhibition
of ATM resulted also in radio-sensitization.46 In line with
these data, inhibition of ATM by targeted drug application
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resulted in enhanced sensitivity to radiotherapy in other
malignancies as well.47–50

In early stage LSCC we observed similar associa-
tions with local control as reported in the cohort of cervi-
cal carcinomas treated with (chemo)radiation, in the
present study. These data suggest that LSCC patients
with high pATM expression might also benefit from treat-
ment with ATM-inhibitors. Two ATM inhibitors are cur-
rently being tested in phase I trials, one combined with
fractionated palliative radiotherapy in patients with solid
tumors and in the other as a monotherapy and in combi-
nation with olaparib or 5-fluorouracil, folinic acid, and
irinotecan, in patients with advanced-stage solid can-
cers.16 This current study is the first study analyzing the
association between high expression of pATM in relation
to local control in early stage LSCC (using a cut-off of
92%). Compared to our cervical cancer cohort (using a
cut-off of 75%) the optimal cut-off differed for both of
these very different cancer entities. Therefore, it is impor-
tant to confirm our conclusions using our cut-off in a simi-
lar independent cohort of early staged LSCC primarily
treated with radiotherapy.

For the downstream protein pChk2, no significant
association with local control was found in this study.
Because in our series of 141 patients with LSCC, only five
cases (3%) revealed high pChk2 expression, no firm conclu-
sions can be drawn regarding a possible role in radio
response. On the other hand, our findings revealed that
pChk2 expression is not very common in LSCC and there-
fore not expected to be of relevance as a prognostic marker
for local control. To our knowledge there are no other stud-
ies evaluating the prognostic value of pChk2 expression
for local control in laryngeal cancer. However, pChk2
expression was previously found in oral squamous cell car-
cinoma showing a higher incidence of high pChk2 expres-
sion (25–77%). In these studies, associations with clinical
outcomes were not investigated.33,34 In esophageal carci-
noma treated with neoadjuvant chemoradiotherapy, the
predictive value of pChk2 was reported but no correla-
tion was found.35 Inhibitors of Chk2 have been tested in

phase I studies with different compounds.51,52 Many of
these inhibitors inhibit both CHK1 and CHK2. In addi-
tion to low efficacy, severe cardiac toxicities were
observed.51,52

In this cohort of LSCC, no correlation was found
between p53 and local control. This is in line with many
other studies reporting no correlation between p53
expression and clinical outcome after radiotherapy in
mostly early stage LSCC36–42 Only one study composed of
solely T1 glottic carcinomas reported a relationship with
clinical outcomes.40 To exclude that the association is
restricted to T1 carcinomas, we evaluated in our cohort
whether the association with p53 expression was linked
to tumor size. However, we also did not observe an associ-
ation between p53 expression and local control when ana-
lyzing T1 and T2 tumors separately (data not shown).
The relatively high expression of p53 found in our cohort
corresponds to other studies in LSCC.37,41,42,53,54 Though
data about p53 expression is highly dependent on differ-
ent staining protocols, scoring methods and cut-off values
used. We believe it is only useful to look at p53 as predic-
tive marker when looking at the functional p53 protein.
Nevertheless, similar to previous studies our findings
suggest that p53 is no relevant prognostic marker for
radiotherapy response in LSCC.

CONCLUSION
Our results presented in this study suggests that

reduced levels of pATM may be associated with signifi-
cantly better local control in early stage supraglottic
cancers in the larynx treated with radiotherapy. There-
fore, targeting ATM kinase activity could be an interest-
ing therapeutic option to sensitize tumor cells for
radiotherapy in supraglottic LSCC patients with high
levels of active ATM before start of radiotherapy. More
studies are required to confirm our findings on the asso-
ciation between pATM expression and local control in
supraglottic LSCC.

TABLE III.
Expression of pATM, pChk2, and p53 in Relation to Local Recurrence Separately for Glottic (n = 22) and Supraglottic (n = 12) Location.

Glottic (n = 93) Supraglottic (n = 48)

Characteristics
No. of Patients With
Local Recurrence (%) Univariable HR (95% CI) P

No. of Patients With Local
Recurrence (%)

Univariable HR
(95% CI) P

pATM

Low 19/82 (23.2) 1 1/21 (4.8) 1

High 3/11 (27.3) 1.06 (0.31–3.57) .93 11/27 (40.7) 10.9 (1.40–84.4) .02*

pChk2

Low 22/93 (23.7) — — 9/43(20.9) 1

High 0/0 — 3/5 (60) 3.13 (0.85–11.6) .09

p53

Low 2/9 (22.2) 1 0/2 (0) 1

High 10/44 (22.7) 1.07 (0.24–4.90) .93 4/21 (19.0) 23.55 (<0.001–>1,000) .67

CI = confidence interval; HR = hazard ratio; N = node; T = tumor.
*Signifies statistically significant relation.
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