Pathology - Research and Practice 216 (2020) 153172

Contents lists available at ScienceDirect

Pathology - Research and Practice
journal homepage: www.elsevier.com/locate/prp

STAT3 as a predictive biomarker in head and neck cancer: A
validation study
N.J. van Ruitenbeek a, *, L.L. van der Woude b, J.H. van Krieken b, A.C.
H. van Engen-van Grunsven b, A.E.C.A.B. Willemsen a, 1, C.M.L. van Herpen a, 1
a
b

Department of Medical Oncology, Radboud University Medical Center, Geert Grooteplein Zuid 10 Nijmegen, the Netherlands
Department of Pathology, Radboud University Medical Center, Geert Grooteplein Zuid 10, Nijmegen, the Netherlands

A R T I C L E I N F O

A B S T R A C T

Keywords:
Head and neck cancer
Cisplatin
Radiotherapy
Biomarker
STAT3

Locally advanced head and neck squamous cell carcinoma (LAHNSCC) treatment consists of radiotherapy (RT)
alone or cisplatin-based concomitant chemoradiotherapy (CCRT). CCRT is accompanied by substantially more
toxicity than RT alone. A previous retrospective cohort study found that LAHNSCC patients with tumors negative
for nuclear expression of the signal transducer and activator of transcription 3 (STAT3) protein might not benefit
from the addition of cisplatin to radiotherapy (RT) treatment. We set out to validate these results in a new cohort.
We found that in patients with both STAT3 positive and negative tumors, disease-free survival (DFS) and overall
survival (OS) did not differ significantly between treatment with cisplatin-based concomitant chemoradiotherapy
(CCRT) and radiotherapy alone. Therefore, our validation study does not confirm that STAT3 is a potential
biomarker to predict the effectiveness of the addition of cisplatin to RT in LAHNSCC patients.

1. Introduction
In most patients with locally advanced head and neck squamous cell
carcinoma (LAHNSCC), radiotherapy (RT) alone or cisplatin-based
concomitant chemoradiotherapy (CCRT) is the treatment of first
choice, based on disease stage and performance score. CCRT is accom
panied by substantially more toxicity than RT alone: 40 % grade 3 and 4
toxicity in CCRT versus 16 % in RT [1]. A biomarker to predict which
patients benefit from the addition of cisplatin to radiotherapy would
therefore be of great value.
Signal transducer and activator of transcription (STAT) molecules
are a candidate biomarker based on their role in cell signal transduction.
STAT3, a member of the STAT family, can be overactive in cancer cells
and contribute to tumor cell proliferation, survival, angiogenesis, and
metastasis [2–4], while inhibiting anti-tumor immunity [5–7]. Covalent
binding to DNA, resulting in cancer cell apoptosis, is generally regarded
to be the main mechanism of platinum-based cancer therapy. In addi
tion, platinum drugs cause other effects [8], including inhibition of the
STAT3 signaling pathway [9–11]. Therefore, in tumors with overactive
STAT3 signaling, a greater benefit of cisplatin could be expected,
compared to tumors in which this pathway is not overactive.

A retrospective cohort study found that patients with STAT3 positive
tumors had better disease-free survival (DFS) when treated with CCRT
compared to RT alone [12]. In contrast, patients with STAT3 negative
tumors (36 % of tumors) appeared not to benefit from the addition of
cisplatin to RT. Therefore, addition of cisplatin could potentially be left
out in these patients. The aim of this study is to validate these results in
order to provide a basis for a chemotherapy-free treatment of STAT3
negative LAHNSCC patients.
2. Patients and methods
2.1. Case selection
A retrospective cohort was composed of patients aged <70 years
with histologically confirmed primary locally advanced (T3/4 or N1-3)
squamous cell carcinoma of the oral cavity, oropharynx, hypopharynx,
or larynx, without distant metastasis, diagnosed at the Radboud uni
versity medical center in Nijmegen, the Netherlands, between 2011 and
2014 (Supplementary Fig. 1). Patients were treated with either CCRT or
RT alone, based on consensus reached by a multidisciplinary team
following international guidelines. RT consisted of 68 Gy in 34 fractions
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with intensity modulated radiotherapy with simultaneous integrated
boost (IMRT) with or without cisplatin 40 mg/m2, given once weekly for
up to six weeks. Patients with synchronous double tumors were
excluded. Tumor material obtained before start of the treatment had to
be available in the Radboud university medical center.

recurrence or distant metastasis). Deaths after end of the follow-up
period were not recorded in the analysis.

2.2. Immunohistochemical staining procedure

Survival curves were estimated by the Kaplan-Meier method and
compared by means of the log-rank test. A p-value <0.05 was considered
statistically significant. Data was analyzed using IBM SPSS Statistics
(version 25) software (SPSS Inc, Chicago, IL, USA) and graphs were
created using Graphpad Prism (version 5.03) software (GraphPad soft
ware, Inc., San Diego, CA, USA).

2.5. Statistical analysis

We performed our experiments in the same laboratory, in similar
conditions as the study of the original cohort [12]. Slides of 4 μm
thickness were sectioned from FFPE tissue blocks and were deparaffi
nized by 10-minute incubation in xylene, followed by rehydration in 100
% ethanol and distilled water. Antigen retrieval was performed by
immersing the slides in 10 mM citrate buffer, pH 6.0 (Scytek, Logan, UT)
and heating for 13 min in a microwave oven. After rinsing in distilled
water and EnVision™ FLEX wash buffer (Dako, Glostrup, Denmark),
slides were incubated in 3% hydrogen peroxide (Boom BV, Meppel,
Netherlands) for 10 min. Next, slides were incubated with antibody
diluent (Immunologic BV, Duiven, Netherlands) for 10 min, followed by
primary antibody incubation (STAT3 Rb monoclonal antibody, Cell
Signaling, dilution 1/100) for 60 min at room temperature. Thereafter,
slides were incubated with the secondary antibody (Brightvision
poly-HRP-anti Ms/Rb/Rt IgG, Immunologic, dilution 1/2) for 30 min at
room temperature. Subsequently, DAB incubation (EnVision™ FLEX
DAB + Substrate Chromogen System, Dako) was used for 7 min at room
temperature for visualization. Finally, slides were counterstained with
haematoxylin, dehydrated in alcohol and xylene, and mounted with
Quick-D mounting medium (Klinipath, Duiven, Netherlands).

3. Results
The clinical and pathological characteristics of the patients of the
validation cohort are displayed in Table 1 and of the original cohort in
Table 2. After case selection, eighty-eight patients were analyzed.
In the complete validation cohort, no significant difference in DFS
was observed between treatment with CCRT or RT alone (5-year DFS
47.9 % versus 47.5 %, respectively) (p = 0.977) (Fig. 2a). This contrasts
with the original cohort, in which CCRT patients had better DFS than RT
alone patients (5-year DFS 64.8 % versus 33.0 %, respectively)
(p < 0.0001) (Fig. 2b). Tumors in the validation cohort showed a nu
clear STAT3 staining pattern in 53 patients (60 %), and a cytoplasmatic
staining pattern in 35 patients (40 %) (Fig. 1), comparable to the original
cohort (64 % nuclear pattern and 36 % cytoplasmatic pattern). In
contrast to the original cohort, STAT3 positive or negative status was not
related to differences in DFS between patients treated with CCRT or RT
alone. STAT3 positive patients had a 5-year DFS of 44.3 % when treated
with CCRT, compared to 50.7 % in patients treated with RT alone
(p = 0.620) (Fig. 2c). In the original cohort, STAT3 positive patients had
longer DFS when treated with CCRT compared to treatment with RT
alone (5-year DFS 77.3 % versus 42.7 %, respectively) (p < 0.0001)
(Fig. 2d). STAT3 negative patients showed no significant difference
between CCRT and RT alone in neither the validation cohort (5-year DFS
53.8 % versus 42.8 %, respectively) (p = 0.530) nor the original cohort
(5-year DFS 42.8 % versus 41.6 %, respectively) (p = 0.686) (Fig. 2e, f).
Furthermore, the validation cohort showed no significantly differences
in OS between CCRT and RT alone for neither STAT3 positive (5-year OS
43.6 % versus 45.5 %, respectively) (p = 0.487) nor STAT3 negative
tumors (5-year OS 55.4 % versus 56.9 %, respectively) (p = 0.577)
(Fig. 2g, i). This is in contrast to the original cohort, which showed better
OS for STAT3 positive patients treated with CCRT (5-year OS 58.3 %)
than for patients treated with RT alone (5-year OS 14.3 %) (p < 0.0001)
(Fig. 2h). OS of STAT3 negative patients was not significantly different
between CCRT and RT alone in the original cohort neither (5-year OS
41.7 % versus 27.3 %, respectively) (p = 0.391) (Fig. 2j).

2.3. Immunohistochemical scoring
All specimens were scored blindly and independently by a patholo
gist trainee and a pathologist (LvdW and JvK). JvK scored the specimens
of the original cohort as well, insuring consistency. STAT3 staining was
considered either positive when tumor cells showed a predominantly
nuclear staining pattern or negative when tumor cells showed a pre
dominantly cytoplasmatic staining pattern (Fig. 1). Inflammatory cells
are STAT3 positive and were used as internal control. Specimens were
excluded if less than 100 tumor cells were present. In case of discrepancy
(19 % of cases), the observers reviewed the slides at a two headed mi
croscope to achieve consensus.
2.4. Clinical outcomes
The primary clinical outcome was disease free survival (DFS),
defined as the period between start of treatment and death or recur
rence, not including second primary cancers. Secondary clinical out
comes were overall survival (OS) and type of progression (local/regional

Fig. 1. Representative immunohistochemical staining images of HNSCC tumors showing (a) predominantly nuclear STAT3 staining (considered positive) (b) pre
dominantly cytoplasmatic STAT3 staining (considered negative).
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Table 1
Patients’ and tumor characteristics for patients with STAT3 positive and negative tumors of the validation cohort.
STAT3+
Median age (range)
Sex
male
female
KPS
50
60
70
80
90
100
Localization
oral cavity
oropharynx
HPV/p16+
HPV/p16hypopharynx
larynx
T stage
T1
T2
T3
T4
N stage
N0
N1
N2a
N2b
N2c
N3
a
b

STAT3-

CCRT (n = 22)

RT alone (n = 31)

P

CCRT (n = 13)

RT alone (n = 22)

P-value

62 (49− 69)

61 (49− 68)

57 (35− 66)

62 (50− 69)

17 (77 %)
5 (23 %)

19 (61 %)
12 (39 %)

0.226a
0.216b

8 (62 %)
5 (38 %)

11 (50 %)
11 (50 %)

0.060a
0.522b

0 (0%)
0 (0%)
1 (5%)
4 (18 %)
15 (68 %)
2 (9%)

1 (3%)
2 (6%)
2 (6%)
4 (13 %)
13 (42 %)
8 (26 %)

0 (0%)
0 (0%)
0 (0%)
0 (0%)
10 (77 %)
2 (15 %)

0 (0%)
0 (0%)
3 (14 %)
7 (32 %)
10 (45 %)
2 (9%)

0 (0%)
13 (59 %)
5 (23 %)
8 (36 %)
6 (27 %)
3 (14 %)

0 (0%)
18 (58 %)
10 (32 %)
8 (26 %)
6 (19 %)
7 (23 %)

0 (0%)
11 (85 %)
7 (54 %)
4 (31 %)
2 (15 %)
0 (0%)

2 (9%)
12 (55 %)
8 (36 %)
4 (18 %)
1 (5%)
7 (32 %)

1 (5%)
3 (14 %)
8 (36 %)
10 (45 %)

6 (19 %)
11 (35 %)
9 (29 %)
5 (16 %)

0 (0%)
3 (23 %)
3 (23 %)
7 (54 %)

4 (18 %)
12 (55 %)
2 (9%)
4 (18 %)

1 (5%)
3 (14 %)
1 (5%)
9 (41 %)
6 (2%)
2 (9%)

10 (32 %)
3 (10 %)
3 (10 %)
12 (39 %)
3 (10 %)
0 (0%)

5 (38 %)
1 (8%)
0 (0%)
4 (31 %)
3 (23 %)
0 (0%)

3 (14 %)
5 (23 %)
3 (14 %)
6 (27 %)
5 (23 %)
0 (0%)

0.591b

0.636b

0.035b

0.061b

0.004b

0.056b

0.034b

0.278b

Computed with independent t-test.
Computed with Chi-square test.

Table 2
Patients’ and tumor characteristics for patients with STAT3 positive and negative tumors of the original cohort [12].
STAT3+
Median age (range)
Sex
male
female
KPS
Localization
oral cavity
oropharynx
HPV/p16 status
hypopharynx
larynx
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
N3
a
b

STAT3-

CCRT (n = 41)

RT alone (n = 21)

P

CCRT (n = 24)

RT alone (n = 11)

P-value

59 (43− 71)

60 (46− 82)

56 (32− 65)

61 (41− 78)

33 (80 %)
8 (20 %)
NA

16 (76 %)
5 (24 %)
NA

0.036a
0.155b

17 (71 %)
7 (29 %)
NA

7 (64 %)
4 (36 %)
NA

0.024a
0.181b

17 (41 %)
18 (44 %)
NA
4 (10 %)
2 (5%)

9 (43 %)
6 (29 %)
NA
6 (29 %)
0 (0%)

13 (54 %)
6 (25 %)
NA
5 (21 %)
0 (0%)

4 (36 %)
1 (9%)
NA
6 (55 %)
0 (0%)

2 (5%)
8 (20 %)
15 (37 %)
16 (39 %)

0 (0%)
2 (10 %)
9 (43 %)
10 (48 %)

0 (0%)
0 (0%)
14 (58 %)
10 (42 %)

0 (0%)
0 (0%)
6 (55 %)
5 (45 %)

6 (15 %)
2 (5%)
32 (78 %)
1 (2%)

0 (0%)
4 (19 %)
17 (81 %)
0 (0%)

1 (4%)
7 (29 %)
15 (63 %)
1 (4%)

1 (9%)
5 (45 %)
3 (27 %)
2 (18 %)

0.178b

0.341
b

0.098b

0.124b

0.540b

0.348b

Computed with independent t-test.
Computed with Chi-square test.

4. Discussion

outcomes described in the original cohort of Hato et al. [12], in which
patients with STAT3 positive tumors treated with CCRT had better DFS
and OS than those treated with RT alone, while this difference was not
observed in patients with STAT3 negative tumors. Our study does not
confirm STAT3 as a potential biomarker to predict the effectiveness of
the addition of cisplatin to RT.
Contradictory to the findings in the original STAT3 cohort, it has

In this validation study, we investigated STAT3 expression as a
predictive biomarker for the effectiveness of cisplatin addition to RT in
patients with LAHNSCC. Neither in patients with STAT3 positive nor
STAT3 negative tumors, clinical outcome was different between treat
ment with CCRT and RT alone. These findings are in contrast with the
3
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previously been demonstrated that high STAT3 expression is correlated
with cisplatin resistance in HNSCC [13]. Cervix carcinoma is the only
cancer type in which activation of the STAT3 pathway has been reported
to be associated with cisplatin [14] and CCRT [15] sensitivity. However,
STAT3 activity has been reported to be associated with cisplatin resis
tance in ovarian cancer [16,17], hepatocellular carcinoma [18,19],
non-small cell lung cancer [20,21], esophageal carcinoma [22], gastric
cancer [23], and breast cancer [24,25]. These findings contradict a role
of STAT3 as a predictive marker, which is in line with our findings in the
validation cohort.
Several factors may have contributed to the conflicting outcomes
between the two cohorts. First, the number of patients was limited in
both cohorts. This might have been the cause of the differences found in
the original cohort or of the insignificant differences in the validation
cohort. Second, both cohorts were retrospective, leading to differences
in baseline characteristics between cohorts. For example, the validation
cohort contained more patients with prognostic favorable tumor sites
(HPV + oropharyngeal and laryngeal carcinoma), and fewer patients
with relatively unfavorable tumor sites (hypopharyngeal and oral cavity
carcinoma) compared to the original cohort (Tables 1 and 2). Further
more, as expected due to selection bias, the CCRT group of the validation
cohort contained more advanced tumor stages and prognostic less
favorable tumor localizations than the RT alone group, which contained
more patients with the prognostic favorable laryngeal carcinoma (26
%). This probably reduced differences in clinical outcomes between
treatment groups in both STAT3 positive and negative patients. It is
important to note that CCRT patients in the validation cohort did not
have longer DFS than RT alone patients. This is contrary to the original
cohort, in which CCRT patients had significant better DFS than RT alone
patients. In addition, assessment of the STAT3 staining pattern has
limited reliability, indicated by the inter-observer variability of 19 %,
which may have contributed to the conflicting outcomes.
Finally, it is important to note that the STAT3 antibodies used in both
studies do not differentiate between phosphorlyated and unphos
phorylated STAT3. Therefore, inactive STAT3 was scored partially,
while expression of active STAT3 would mechanistically be of greater
interest. In addition, unphosphorylated STAT3 can enter the nucleus
[26], and assessing nuclear localization of STAT3 does therefore not
purely distinguish between phosphorylated and unphosphorylated
STAT3. Moreover, unphosphorylated STAT3 may drive the expression of
several oncogenes as well [27].
In conclusion, this study does not confirm STAT3 to be a biomarker
to predict whether a patient with LAHNSCC is likely to benefit from the
addition cisplatin to RT or not. Differences in patient characteristics
between the two cohorts together with limited sample sizes might have
contributed to the conflicting outcomes. This study illustrates the vital
importance of replication of biomarker studies and the use of adequate
sample sizes.
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Fig. 2. Kaplan-Meier curves of DFS comparing CCRT and RT alone patients in
(a) the whole validation cohort (b) the whole original cohort (c) STAT3 posi
tive tumors in the validation cohort (d) STAT3 positive tumors in the original
cohort (e) STAT3 negative tumors in the validation cohort (f) STAT3 negative
tumors in the original cohort. Kaplan-Meier curves of OS comparing CCRT and
RT alone patients in (g) STAT3 positive tumors in the validation cohort (h)
STAT3 positive tumors in the original cohort (i) STAT3 negative tumors in the
validation cohort (j) STAT3 negative tumors in the original cohort. Curves of
the original cohort are obtained with permission of Hato et al [12].
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