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Abstract

Background. Carcinomas and their metastases often retain the keratin patterns of their epithelial origin, and are there-
fore useful as lineage-specific markers in diagnostic pathology. Recently, it has become clear that intermediate filaments 
composed by keratins play a role in modulation of cell proliferation, migration, and possibly cancer invasion, factors 
impacting prognosis in early stage non-small cell lung cancer (NSCLC).
Material and methods. Tumor tissue from a retrospective Danish cohort of 177 patients with completely resected 
NSCLC, stage I-IIIA tumors, were analyzed for keratin 7 (K7) and keratin 34bE12 expression by immunohistochem-
istry and validated in a comparable independent Norwegian cohort of 276 stage I-IIIA NSCLC patients.
Results. Based on keratin 34bE12/K7 expression, three subgroups with significantly different median cancer-specific 
survival rates were identified (34bE12/K72, 168 months vs. 34bE12/K7, 73 months vs. 34bE12-/K7, 30 months; 
p  0.0004). In multivariate analysis, stage II-IIIA (HR 2.9), 34bE12/K7 (HR 1.90) and 34bE12-/K7 (HR 3.7), 
were prognostic factors of poor cancer-specific survival (CSS) (p  0.001). Validation in the Norwegian cohort confirmed 
that stage II-IIIA (HR 2.3), 34bE12/K7 (HR 1.6), and 34bE12-/K7 (HR 2.0) were prognostic factors of poor CSS 
(p  0.05). Multivariate Cox proportional-hazard analysis demonstrated that 34bE12/K7  and 34bE122/K7  status 
was significantly associated with poor overall survival (p  0.05).
Conclusion. Keratin 34bE12/K7 expression is a prognostic parameter in resected early stage NSCLC that allows 
identification of high-risk NSCLC patients with poor cancer-specific and overall survival.

Lung cancer is the leading cause of cancer-related 
deaths in the world, with a five-year survival rate of 
8–15% [1]. Non-small cell lung cancer (NSCLC) 
accounts for approximately 85% of all lung cancer 
cases. The main histological subtypes are of epithelial 
origin and classified as squamous cell carcinoma, 

adenocarcinoma, or large cell carcinoma. The poor 
survival rate is primarily due to the usually late stage 
at diagnosis and a high frequency of recurrence [1]. 
Around 20–25% of patients diagnosed with early stage 
NSCLC are suitable for potentially curative resection, 
but despite progress in multimodal treatments, the 
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risk of recurrence is still pronounced even in early-
stage settings [2]. The potential benefit of adjuvant 
treatment is 5–15% depending on disease stage. Today, 
patients with stage II-IIIA disease are offered adjuvant 
cisplatin-based chemotherapy, while adjuvant thera-
pies remain controversial in stage I disease despite the 
fact that 30–40% of stage I patients experience recur-
rences [3]. These circumstances emphasize the need 
for not only predictors of chemotherapy efficacy but 
also prognosticators to distinguish between patients 
with high and low risk of recurrence.

Epithelial cancers are characterized by the expres-
sion of specific keratin proteins associated with the 
respective cell type of origin. Keratins play a major 
role in the cytoskeletal construction, and virtually all 
epithelial tissues, including the respiratory tract, con-
tain keratins, formerly referred to as cytokeratins. 
They are the largest group of intermediate filament 
(IF) proteins, and contain type I (acidic, CK9-CK23) 
and type II (neutral/basic, CK1-CK8) subclasses, 
which form heterodimeric pairing between type I 
and type II subtypes in a preferential manner [4]. 
The expression of keratin proteins is highly regulated 
during fetal development and cell differentiation. 
Keratin 5 (K5) and 14 (K14) are expressed in the 
basal layers of stratified squamous cell epithelia, and 
basal cells in various glands and mucosal linings, 
including the bronchial epithelium. In normal cell 
formation, K5 and K14 expression is lost during the 
differentiation process, and the luminal cells express 
keratin 7 (K7) instead [5]. Carcinomas and their 
metastases often retain the keratin patterns of  
their epithelial origin, and have therefore been used 
routinely as lineage-specific markers for diagnostic 
pathology.

In lung cancer, expression of K7, keratin 8 (K8), 
keratin 18 (K18), and keratin 19 (K19) have been 
reported in adenocarcinomas, while keratin types 
related to the monoclonal antibody 34bE12, keratin 1  
(K1), keratin 5 (K5), keratin 10 (K10), and keratin 14  
(K14) are more frequently expressed in squamous 
cell carcinomas, although conjoined expression may 
also be present [6]. Expression of keratin 7 is seen in 
many simple and pseudostratified epithelia, includ-
ing bronchogenic epithelium. The monoclonal anti-
body 34bE12 (directed to K1/K10 & K5/K14 and 
possible other keratins) is useful for detection of high 
molecular weight keratins and is a sensitive marker 
of basal and para-basal cells and their proliferation 
[7]. It primarily recognizes tumors morphologically 
consistent with squamous cell neoplasm of the lung, 
although it is also expressed in some tumors mor-
phologically consistent with adenocarcinomas and is 
almost absent in most small cell lung carcinomas and 
large-cell neuroendocrine tumors. In addition to 
their role as diagnostic markers in different cancers, 

specific keratin expression patterns have recently 
been associated with functional roles in tumor devel-
opment, invasion, and metastasis, and also reported 
to be prognostic indicators in epithelial malignancies 
[6,8–10].

Considering the importance of keratins in lung 
cancer, we examined the prognostic effect of keratin 
expression patterns with regard to cancer-specific 
survival (CSS) and overall survival (OS) in two inde-
pendent cohorts of 461 patients. The primary cohort 
was a retrospective Danish cohort of 177 early-stage 
NSCLC surgical patients who received no adjuvant 
or neoadjuvant chemo- or radiotherapy. The results 
from the Danish cohort were validated in a compa-
rable independent Norwegian cohort of 276 early 
stage NSCLC surgical patients [11].

Material and methods

Patients, tumors and tissue microarray samples

All patients from the Danish and Norwegian cohorts 
were early-stage IA-IIIA NSCLC who had under-
gone radical resection without further neoadjuvant 
or adjuvant chemotherapy. The histological subtypes 
had primarily been established in whole section sur-
gical specimens by light microscopy according to 
World Health Organization criteria and reclassified 
by a lung pathologist according to the updated path-
ological classification suggestions [12]. Each case 
was re-reviewed by a lung pathologist/oncologist 
according to the revised seventh edition of UICC 
TNM classification [1].

The initial cohort (Danish)

Tissues, clinicopathological variables and survival 
data for a consecutive series of NSCLC surgical 
patients at the University Hospital in Odense, Den-
mark from 1992 to 1999 were analyzed. Tumor mor-
phology was substantiated according to TTF1, 
napsin A, p40 and p63 status, and morphology. Syn-
aptophysin and CD56 were evaluated to exclude 
neuroendocrine etiology. Formalin-fixed and paraf-
fin-embedded (FFPE) tumor blocks were collected, 
sectioned and stained with hematoxylin and eosin 
(H&E) to assess tumor content and quality. Four 
tumor tissue cores of 1 mm were transferred to tissue 
microarrays (TMAs) using the ATA27 automated 
arrayer from Beecher Instruments. The TMAs were 
cut into 4-mm sections using a serial microtome. See 
Appendix (available online at http://www.informa-
healthcare.com) for detailed description of the stain-
ing process using BenchMark Ultra (Supplementary 
Table I, available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2015.1049291). 
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ID: 20080018) and the Danish Data Protection 
Agency. The Norwegian cohort was approved by the 
Regional Committee for Medical and Health 
Research Ethics (Tromso and Bodo: protocol ID: 
2011/2503).

Evaluation of immunohistochemistry

Immunohistochemical stains were examined anony-
mously using semiquantitative evaluation in light 
microscopy by a lung pathology specialist. To 
exclude neuroendocrine morphology, especially in 
the 34bE12-negative tumors, whole sections of all 
cases were morphologically evaluated. Keratins 
34bE12 and K7 stain were evaluated in the cyto-
plasm. The number of positive tumor cells was com-
pared to the total number of tumor cells (Figure 1). 
Cores were reported as uninformative if the tissue 
core was lost from the slide or if only a few tumor 
cells were present (arbitrary cut-off was  30 tumor 
cells). If one core was uninformative, then the over-
all score applied to the remaining cores. For K7, 
cores with tumor cell content of  10% staining 
were considered negative [15]. To exclude basal cell 
features, tumors with  1% staining of the tumor 
cells for 34bE12 were considered negative. The 
reporting of clinicopathological variables, survival 

The detailed methodology has been reported previ-
ously [13].

The validation cohort (Norwegian)

The comparable Norwegian validation cohort con-
sisted of 335 early-stage (I-IIIA) NSCLC diagnosed 
at the University Hospital of North Norway and 
Nordland Central Hospital from 1990 through 2004 
[11]. Tumor morphology was substantiated accord-
ing to TTF1, p63, and K7. FFPE tumor blocks were 
collected and evaluated and the most representative 
areas were transferred using a 0.6 mm diameter tis-
sue-array instrument from Beecher Instruments, Sil-
ver Springs MD. The TMA were cut into 4-mm 
sections using Micron microtome (HM355S); a 
detailed description has been reported previously 
[14]. TMA evaluation was validated in 276 of the 
patients, 47 patients were either not included in the 
TMA evaluation blocks or the keratin expression of 
both K7 and CK34bE12 were not available, one 
patient had no survival data and 11 patients were 
excluded due to adenocarcinoma in situ reclassifica-
tion according to the new pathological classification 
of lung adenocarcinomas [12].

The Danish study was approved by the Ethics 
Committee of Region Southern Denmark (protocol 

Figure 1. Immunohistochemical analysis of keratin expression pattern in non-small cell lung cancer (NSCLC); different cytoplasmic 
staining scores for tumor cell are shown. For K7, cores with tumor cell content of  10% staining were considered positive and tumors 
with  1% staining for 34bE12 were considered positive. (A) Tumor cells positive for 34bE12 and negative for K7 (34bE12/K72). (B) 
Tumor cells positive for 34bE12 and for K7 (34bE12/K7). (C) Tumor cells negative for 34bE12 and positive for K7 (34bE12-/K7). 
(magnification 10).
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data and biomarker expression were conducted in 
accordance with the REMARK guidelines [16].

Study end points

The primary endpoint was CSS, defined as the time 
from date of surgery to date of lung cancer-specific 
death. Secondary endpoint was OS, from the date of 
surgery to death of all causes. Patterns of failure after 
surgery, defined as local and/or distant recurrence or 
the development of a second primary lung cancer, 
were registered with date of histological or cytologi-
cal confirmation or the date of radiological proof 
when no tumor tissue assessment was available. The 
follow-up time ended 1 January 2010 in the initial 
cohort (Danish) and 1 January 2011 in the validation 
cohort (Norwegian).

Statistical analysis

To examine the associations between molecular 
marker expression and clinicopathological parame-
ters, the Spearman’s rank correlation test and the 
c2-test were used. Survival analyses were performed 
using the Kaplan-Meier method with log-rank (Man-
tel-Haenszel) tests, and the multiple analyses were 
performed using Cox proportional-hazard models. 
Inclusion of variables for the Cox proportional haz-
ard regression model was based on clinical judgment 
and significance levels of  0.10 in the exploratory 
univariate model. Model assumptions were tested 
using standard methods, and interactions between 
covariates were assessed. The Cox regression analysis 
was assessed with estimation of Schoenfeld residuals 
and Nelson-Aalen estimator for control of propor-
tionality.

Results

Patient characteristics

Demographics with clinical and histopatologic vari-
ables from the Danish and Norwegian cohorts are 
listed in Table I. The initial cohort (Danish) consisted 
of 177 early-stage NSCLC with pathologically-veri-
fied radical surgery. As of January 2010, with a 
median Kaplan-Meier estimated follow-up time of 
165.8 months (3.2–210.8), 92 (52%) of the patients 
had experienced recurrence and 146 (82%) had 
died. Of these, 62% died of lung cancer, 10% due to 
other cancer events, 27% due to non-cancer events, 
and for 1% the cause of death was not available. Of 
the 92 patients experiencing recurrence, 69 (75%) 
were registered with recurrence within the first three 
years. No patient was lost to follow-up, and the  
first censoring event in OS was registered after  
120 months of observation. The validation cohort 

(Norwegian) consisted of 276 patients, stage I-IIIA 
NSCLC. The median Kaplan-Meier estimated  
follow-up time was 161.7 months (range 0.3–234.0), 
with 125 (45%) patients experiencing recurrence 
and 222 (80%) having died.

Correlations between keratin expression and 
clinicopathological factors

Histology and gender were correlated in both cohorts 
(n  453). Female gender was associated with adeno-
carcinoma histology (p  0.0001, r  0.26). Histology 
and keratin expression were correlated. Positive 
34bE12 expression was associated with squamous cell 
histology (p  0.0001, r  0.27) and positive K7 
expression was associated with adenocarcinoma histol-
ogy (p  0.0001, r  0.58). Expression of 34bE12 were 
inversely correlated with K7 expression (p  0.0001, 
r  0.32). The expression of Keratin 34bE12 and K7 
were not correlated with age, differentiation, TNM 
stage, tumor status (T-stage), or lymph node involve-
ment (N-stage).

Keratin expression and survival analysis

In the Danish cohort, the median OS from surgery 
to death was 51.2 months, with a 1-, 5 and 10-year 
survival rate of 92% (95% CI 86–95), 47% (95% CI 
39–54), and 31% (95% CI 24–38), respectively. In 
the Norwegian cohort, the median OS from surgery 
to death was 47.5 months, with a 1-, 5- and 10-year 
survival of 81% (95% CI 76–84), 45% (95% CI 
40–51), and 28% (95% CI 22–33), respectively.

Analysis of initial cohort

Univariate analyses of covariates associated with 
cancer-specific death identified stage II-IIIA, ade-
nocarcinoma histology, negative 34bE12 expres-
sion, and positive K7 expression as significantly 
associated with poor CSS (Table I). A multivariate 
Cox proportional-hazard analysis, including all 
covariates, demonstrated that stage II-IIIA, nega-
tive 34bE12 expression, and positive K7 expres-
sion were associated with high risk of CSS 
(p  0.05). Moreover, statistical control of possible 
interactions of covariates revealed a significant 
interaction between lymph node status and 34bE12 
expression (LR test, p  0.001) and a tendency of 
interaction with K7 expression (LR test, p  0.07) 
(Supplementary Figure 1A-1D, available online  
at http://informahealthcare.com/doi/abs/10.3109/ 
0284186X.2015.1049291).

We subsequently used pathological TNM stage 
and divided the patients into subgroups: 34bE12/
K72, 34bE12/K7, and 34bE122/K7. The  
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distribution of tumors according to keratin status 
was 71 (40%) expressing 34bE12/K72, 87 (49%) 
expressing 34bE12/K7, and 19 (11%) expressing 
34bE122/K7. The Kaplan-Meier estimated median 
CSS for the three subgroups differed significantly: 
34bE122/K7  median CSS of 2.5 years (95% CI 
0.9–4.3), 34bE12/K7  median CSS 6.1 years 
(95% CI 4.1–13.3) and 34bE12/K7- median CSS 
of 14 years, (log-rank, p  0.0003; Figure 2A-1). In 
multiple Cox regression analysis, stage II-IIIA (HR 
2.89; 95% CI 1.87–4.46; p  0.0001), 34bE12/
K7  status (HR 1.90; CI 1.18–3.05; p  0.008) and 
34bE122/K7  status (HR 3.71; CI 1.33–3.42; 

p  0.0001) was significantly associated with poor 
CSS (Table II). The interaction between keratin 
expression and lymph node status demonstrated that 
the effect of keratin expression was more profound 
in lymph node-positive (log-rank, p  0.0001) than 
lymph node-negative tumors (log-rank, p  0.02) 
(Figure 3A-B).

Analysis of validation cohort

Univariate analysis of covariates associated with 
cancer-specific death in the validation cohort  
(Norwegian) is listed in Table I. The distribution of 

Table I. Patient demographics and prognostic covariates and cancer-specific survival by univariate log-rank test.

Patient  
characteristics

Cancer-specific survival

P

Cancer-specific survival

P 

Cancer-specific survival

Danish  
cohort

Median 
survival

5-Year 
survival

Norwegian 
cohort

Median 
survival

5-Year 
survival All patients

Median  
survival

5-Year 
survival

(n  177) months % (n=276) months % (n=453) months %

Age (mean) years 63.7 0.61 65.8 0.99 64.9 0.71
[range] [39–82] [39–85] [39–85]
Gender

Female 66 (37%) 63 51 68 (25%) 190 66 134 (30%) 119 58
Male 111 (63%) 142 60 0.12 208 (75%) 84 56 0.13 319 (70%) 122 57 0.95

Histology
Adenocarcinoma 89 (50%) 63 50 88 (32%) 51 43 177 (39%) 54 46
Squamous cell c 88 (50%) 168 62 0.05 165 (60%) NR 67 253 (56%) 191 65
Large cell carc – – 23 (8%) 98 58 0.02 23 (5%) 98 58 0.003

ECOG perf. status
0 n.a 157 (57%) NR 63 –
1–2 n.a 119 (43%) 64 52 0.05 –

TNM stage
I 91 (51%) 175 74 120 (43%) 190 73 211 (47%) 190 73
II/IIIA 86 (49%) 40 38  0.0001 156 (57%) 47 47  0.0001 242 (40%) 42 44  0.0001 

T-Stage
1 37 (21%) 160 72 64 (23%) 190 74 101 (22%) 175 73
2 111 (63%) 119 58 157 (57%) NR 60 268 (59%) 131 60
3/4 29 (16%) 23 30 0.004 55 (20%) 23 34 0.0003 84 (19%) 23 33  0.0001 

N-Stage
0 125 (70%) 160 63 188 (68%) NR 67 313 (69%) 175 65
1–2 52 (30%) 42 40 0.0002 88 (32%) 29 40  0.0001 140 (31%) 35 40  0.0001 

Vascular infiltration
No n.a 236 (86%) 190 61 –
Yes n.a 40 (14%) 35 38 0.006 –

34bE12
Positive vs. 158 (89%) 122 60 207 (75%) 190 62 365 (81%) 142 62
Negative 19 (11%) 30 23 0.0003 69 (25%) 54 47 0.03 88 (19%) 40 42 0.001

CK7 (K7)
Positive vs. 106 (60%) 57 48 144 (52%) 62 50 250 (55%) 57 49
Negative 71 (40%) 168 68 0.01 132 (48%) NR 68 0.02 203 (45%) NR 68 0.0004

Differentiation
Poor 81 (46%) 75 56 115 (42%) 47 49 196 (43%) 67 52
Moderate/Well 96 (54%) 92 56 0.82 161 (58%) NR 66 0.0002 256 (57%) 160 62 0.007

Surg. procedure
Lobectomy/wedge 132 (75%) 168 58 190 (69%) 190 62 322 (71%) 122 60
Pneumonectomy 45 (25%) 75 55 0.56 86 (31%) 52 49 0.02 131 (29%) 84 52 0.17

34bE12/K7 status
K34neg/k7neg 11 (4%) NR 63
K34pos/k7neg 71 (40%) 168 68 121 (43%) NR 68 203 (45%) NR 68
K34pos/k7pos 87 (49%) 73 54 86 (32%) 83 54 173 (38%) 75 54
K34neg/k7pos 19 (11%) 30 23 0.0003 58 (22%) 40 44 0.02 77 (17%) 35 39 0.0001

ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; n.a. not available; n.s. non-significant values were excluded in the mul-
tiple Cox proportional-hazard regression analysis; 95% CI, 95% confidence interval; vs. versus. NR indicates not reached.
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tumors according to keratin status was 121 (43%) 
expressing 34bE12/K72, 86 (32%) expressing 
34bE12/K7, and 58 (22%) expressing 34bE122/
K7. In 11 (4%) tumors, neither 34bE12 nor K7 
were expressed, and the sample size was too small 
for meaningful comparison. Most of those tumors 
were squamous cell or large cell carcinomas (LCC) 
(n  9; 82%) with CSS comparable to the tumors 
expressing 34bE12/K7- (Table II and Supplemen-
tary Figure 2, available online at http://informa-
healthcare.com/doi/abs/10.3109/0284186X.2015.1
049291). The Kaplan-Meier estimated median CSS 
for the three other subgroups differed significantly: 
34bE122/K7  median CSS of 3.3 years, 34bE12/
K7  median CSS 7.0 years (95% CI 4.1–13.3) and 
34bE12/K72 median CSS was not reached, (log-
rank, p  0.02; Figure 2A2). Multivariate Cox pro-
portional-hazard analysis demonstrated that stage 
II-IIIA, (HR 2.33; 95% CI 1.56–3.49; p  0.0001), 
ECOG performance status 1–2 (HR 1.60; CI 1.09–
2.35; p  0.02), 34bE12/K7  status (HR 1.62;  
CI 1.05–2.50; p  0.03), and 34bE12-/K7  status 
(HR 2.04; CI1.28–3.26; p  0.003) was significantly 

associated with poor CSS (Table II). In the Norwe-
gian cohort, a significant interaction between lymph 
node status and keratin expression (log-rank test, 
p  0.0006) was also demonstrated, indicating that 
the effect of keratin expression was significantly dif-
ferent in tumors without lymph node involvement 
N0 (log-rank, p  0.10; Figure 3C) compared to 
tumors with N1 or N2 lymph node involvement 
(log-rank, p  0.009; Figure 3D). This was also evi-
dent in the combined Danish and Norwegian cohort 
(log-rank, p  0.02 N0; Figure 4A, log-rank, 
p  0.0001; N1/N2 Figure 4B). Due to high correla-
tion of histology and keratin expression (p  0.0001, 
r  0.71) in the validation cohort, histology was  
primarily excluded in the validation cohort and 
examined separately (see below).

Overall survival

The interaction between keratin expression and 
lymph node involvement is also evident with respect 
to OS. In the combined cohorts (n  453), there were 
no keratin expression-related survival differences in 

Figure 2. Cancer-specific survival related to keratin expression patterns using log-rank test. (A) Kaplan-Meier cancer-specific survival 
curves according to keratin expression patterns (34bE12/K7) in the Danish cohort (n  177). (B) Kaplan-Meier cancer-specific survival 
curves according to keratin expression patterns (34bE12/K7) in the Norwegian validation cohort (n  284). (C) Kaplan-Meier cancer-
specific survival curves according to keratin expression patterns (34bE12/K7) in the combined Danish and Norwegian cohorts 
(n  461).
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tumors without lymph node involvement N0 (log-
rank, p  1.00; Figure 4C), but distinct associations 
in tumors with lymph node involvement (N1-2)  
(log-rank, p  0.0008; Figure 4D). Multivariate Cox 

proportional-hazard analysis demonstrated that  
stage II-IIIA, (HR 1.72; 95% CI 1.39–2.13; p   
0.0001), 34bE12/K7  status (HR 1.31; CI 1.04–
1.66; p  0.02), and 34bE12 2 /K7  status (HR 

Figure 3. Cancer-specific survival related to the significant interaction between lymph node status and keratin expression in the Danish 
and Norwegian validation cohorts. The interaction between keratin expression and lymph node status demonstrated that the effect of 
keratin expression is most significant in lymph node-positive tumors. (A-B) Cancer-specific survival and keratin expression in (A) lymph 
node-negative and (B) lymph node-positive tumors in the Danish cohort. (C-D) Cancer-specific survival and keratin expression in (C) 
lymph node-negative tumors and (D) lymph node-positive tumors in the Norwegian validation cohort.

Table II. Results of multiple cox regression analysis and association with significant prognostic factors and cancer-specific survival.

Prognostic factors

Cancer-specific survival 
Danish (n  177)

Cancer-specific survival# 
Norwegian (n  276)

Cancer-specific Survival All 
patients (n  453)

Overall survival All patients 
(n  453)

HR 95% CI P HR 95% CI P HR 95% CI HR 95% CI P

Stage 7th edition
I 1.00 1.00 1.00 1.00
II/IIIA 2.89 1.87–4.46  0.0001 2.33 1.56–3.49  0.0001 2.57 1.92–3.44  0.0001 1.72 1.39–2.13  0.0001

34bE12/K7 status
34bE12/K72 1.00 1.00 1.00 1.00
34bE12/K7 1.90 1.18–3.05  0.008 1.62 1.05–2.50 0.03 1.70 1.24–2.34 0.001 1.31 1.04–1.66 0.02
34bE122/K7 3.71 1.97–7.01  0.0001 2.04 1.28–3.26 0.003 2.13 1.47–3.03  0.0001 1.38 1.04–1.85 0.02

Differentation
Poor 1.00. 1.00 1.00 1.00
Moderate/high 1.12 0.74–1.71 0.59 0.59 0.40–0.87 0.008 0.75 0.57–0.99 0.04 0.92 0.74–1.14 0.44

ECOG perf. status
0 n.a. 1.00 n.a. n.a.
1–2 n.a. 1.60 1.09–2.35 0.02 n.a. n.a.

Cox multiple regression analysis for cancer-specific survival in the Danish and Norwegian cohort and the combined cohort. Keratin pattern 
expression of 34bE12 and CK7, 34bE12/K7- are compared to 34bE12/K7  and 34bE12-/K7  adjusted for other covariates: Stage I 
are compared to stage II-IIIA. HR, hazard ratio; n.a. data were not available; n.s. non- significant values were excluded; 95% CI, 95% 
confidence interval; vs. versus. #Histology is not included in the regression model due to highly correlation.
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1.38; CI1.04–1.85; p  0.02) was significantly associ-
ated with poor OS (Table II).

Keratin status and histological subtype

Among all the patients (n  453), 177 (39%) were 
morphologically adenocarcinomas, 253 (56%) were 
squamous cell carcinomas and 23 (5%) were large 
cell carcinomas. Patient demographics and prognos-
tic covariates for adenocarcinomas and squamous cell 
carcinomas are listed in Supplementary Table II 
(available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2015.1049291). In patients 
with adenocarcinomas, 61 (34%) expressed 34bE122/
K7, while 109 (62%) expressed 34bE12/K7  and 
seven (4%) tumors expressed, 34bE12/K72, respec-
tively. The median CSS for adenocarcinomas with 
34bE122/K7  was 2.8 years compared to 34bE12/
K7  5.2 years, and in tumors expressing 34bE12/
K72, the median CSS was not reached (log-rank, 
p  0.03; Supplementary Figure 3A, available online 
at http://informahealthcare.com/doi/abs/10.3109/028
4186X.2015.1049291).

In tumors morphologically classified as squamous 
cell carcinomas, 10 (4%) expressed 34bE122/K7, 
while 53 (21%) expressed 34bE12/K7  and 190 
(75%) expressed 34bE12/K72, respectively. The 
median CSS for squamous cell carcinomas with 
34bE122/K7  was 1.8 years compared to 34bE12/
K7  15.9 years, and in tumors expressing 34bE12/
K72, the median CSS was not reached (log-rank, 
p  0.005; Supplementary Figure 3B available online 
at http://informahealthcare.com/doi/abs/10.3109/ 
0284186X.2015.1049291).

Discussion

Keratin IFs are characterized as structural compo-
nents in epithelial cells. Recently, keratins have been 
recognized as prognostic indicators in a variety of 
epithelial cancers [4,6,17]. Our study suggests that 
specific keratin 34bE12/K7 patterns in lung carcino-
mas are prognostic factors for CSS and OS in early 
stage NSCLC. Examination of 453 radically resected, 
chemotherapy-naïve, lung cancer patients identified 
three subgroups, 34bE12/K72, 34bE12/K7  and 

Figure 4. Cancer-specific and overall survival related to the significant interaction between lymph node status and keratin expression in 
the combined Danish-Norwegian cohort. The interaction between keratin expression and lymph node status demonstrated that the effect 
of keratin expression is mainly significant in lymph node-positive tumors. (A-B) Cancer-specific survival and keratin expression in  
(A) lymph node-negative tumors and (B) lymph node-positive tumors in the combined cohort. (C-D) Overall survival and keratin 
expression in (C) lymph node-negative tumors and (D) lymph node-positive tumors in the combined cohort.
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34bE122/K7, that differed significantly with res
pect to CSS and OS. In tumors expressing 34bE122/
K7, the median CSS was 2.9 years, while tumors 
expressing both keratins 34bE12/K7  had a 
median CSS of 6.3 years, and tumors expressing 
34bE12/K72 failed to reach the median CSS.

Differences in keratin expression and association 
with survival was described in a study of squamous 
cell carcinomas of the esophagus wherein patients 
with positive expression of K7 and negative K14 
expression were associated with a worse OS rate in 
stage I-IIB; positive K7 expression was particularly 
associated with a high risk of death, with a hazard 
ratio of 3.8 (Cox analysis; p  0.03) [18]. Other stud-
ies also reported expression of K7 and 34bE12 rela-
tive to patient survival. Proteomic analyses of keratin 
expression patterns in lung cancer focusing on K7, 
K8, K18, and K19 in 75 adenocarcinomas identified 
multiple keratin isoforms that were significantly 
increased in lung adenocarcinomas compared to 
normal lung tissue [19]. Positive expression of 
34bE12 was also found to be an independent predic-
tor of OS in a study of triple-negative breast cancer 
patients wherein 34bE12 expression was associated 
with a good prognosis (p  0.02) [20]. These findings 
in different epithelial cancers are in agreement with 
our study and suggest that patterns of keratin expres-
sion may not only reflect the cellular phenotype, but 
also suggest that the expression patterns are related 
to cancer prognosis.

Keratin expression patterns were highly corre-
lated with histology; 12% of tumors in the 34bE122/
K7  subgroup were squamous cell carcinomas com-
pared to 30% in the 34bE12/K7  and 93% in the 
34bE12/K72 subgroup. Although correlated with 
histology, the keratin expression separates adenocarci-
nomas into tumors with good and poor prognosis as 
well as squamous cell carcinomas (Supplementary Fig-
ure 3A-B available online at http://informahealthcare. 
com/doi/abs/10.3109/0284186X.2015.1049291).  
Adenocarcinomas with positive expression of both 
keratins were related to a better prognosis than ade-
nocarcinomas only expressing K7, while squamous 
cell carcinomas with negative expression of the basal 
cell keratin 34bE12 were related to a poor prognosis. 
This indicates that epithelial lung tumors with basal 
cell expression have a less aggressive course than 
tumor cells with more luminal K7 expression. A pos-
sible explanation could be that loss or alteration of 
basal cell adhesion and architecture into a more 
luminal phenotype may play a role in tumor progres-
sion. This phenomenon was previously described in 
the early progression of prostate cancer [21]. Loss of 
keratin expression and downregulation of cell-cell 
and cell-matrix contacts play a major role in the 
epithelial-mesenchymal transition (EMT), which is 

believed to increase migration and invasion of meta-
static tumor cells. A recent study demonstrated a 
higher invasiveness and growth of keratin-free cells 
in 3D assay, while re-expression of a small amount 
of the keratin pair K5/K14 reverses the invasion [9]. 
This suggests that basal cell keratins assist in the 
maintenance of an epithelial phenotype that is less 
likely to acquire metastatic potential.

No additional oncological treatment was admin-
istered to any of the patient cohorts, which elimi-
nated potential differences in survival outcome due 
to different treatment regimes. The long follow-up 
period with limited censoring, no loss of patients 
during follow-up, and use of an independent Norwe-
gian validation cohort also strengthen this study. The 
retrospective design is, however, a limitation. K7 and 
34bE12 are standardized antibodies routinely used 
in many diagnostic assessments and the stainings are 
therefore easily applied in daily routines. The use of 
dichotomous cut-off levels for both K7 and 34bE12 
is debatable, and antibody staining could be impacted 
by differences in formalin fixation, concentration, 
pH, buffers and duration of exposure. One could 
speculate that the clear prognostic effect of the iden-
tified keratin expression profiles may not be of rele-
vance in a current early stage NSCLC population, 
due to the fact that NSCLC stage (Ib), II and IIIA 
receive adjuvant chemotherapy. The effect of adju-
vant chemotherapy could indeed be dependent on 
histology and other factors as suggested in the sub-
group analysis of the ANITA trial [22]. The subset 
analysis of the adjuvant phase III study of cisplatin/
vinorelbine versus observation (ANITA trial) dem-
onstrated a poor five-year OS rate of adenocarcino-
mas with a median survival of 37.3 months compared 
to 45.5 months for non-adenocarcinoma. In the 
treatment arm however, it was reversed by the admin-
istration of adjuvant chemotherapy. The effect of 
adjuvant chemotherapy cannot be addressed in this 
study. However, this does not change the prognostic 
effect of keratin expression albeit an evaluation in 
adjuvant settings could be highly relevant.

A potential concern of using 34bE12 is a possible 
irregular distribution in lung cancers other than 
squamous cell, and in general the use of 34bE12 per 
se is a pool of high molecular weight keratins 
(HMWCK). With regard to the first concern, we 
examined heterogeneous expression of the keratin 
using the intra class correlation coefficient (ICC) and 
Spearman adjusted for histology and found 
ICC  0.81, and a mean Spearman of 0.91. We then 
analyzed the ICC and mean Spearman exclusively 
for adenocarcinomas and found ICC  0.82 and a 
mean Spearman of 0.80 [13]. This indicated no evi-
dence of a more heterogeneous 34bE12 staining in 
non-squamous cell carcinomas. As for the second 
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concern, many antibodies can be open to discussion, 
including 34bE12, although it is widely used as a 
marker of basal or para-basal cells and their prolif-
erations in many epithelial cancer studies, including 
lung cancer [23,24]. The Norwegian validation 
cohort consisted of 335 patients, earlier described in 
an article by Donnem et al. [11]. In the present 276 
(82%) of these patients were evaluated, while 59 
(18%) patients with missing information were left 
out. In 47 (80%) cases there were no TMA to evalu-
ate, in one case there were no survival data and 11 
patients (19%) were excluded due to adenocarci-
noma in situ according to the new pathological clas-
sification of lung adenocarcinomas [12]. To exclude 
confounding effects we compared the original Nor-
wegian cohort (n  335) with the “modified” Norwe-
gian cohort (n  276) (Supplementary Table I 
available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2015.1049291). There were 
no significant differences in the distribution of age, 
gender, histology, EGOG, TNM-stage, lymph node 
involvement, t-status, vascular infiltration, differen-
tiation, or surgical procedure. There were no signifi-
cant changes in median CSS and five-year survival. 
There was however, a minor change in pTNM stage 
due to reclassification which is also reported in a 
recently article by Donnem et al. [25]. The changes 
in TNM did neither influence the median survival 
nor the CSS (Supplementary Table I available online 
at http://informahealthcare.com/doi/abs/10.3109/02
84186X.2015.1049291). Consequently, we believe 
that in most cases (n  48) the missing information 
are random, although in 11 cases the effect of adeno-
carcinoma in situ are related to a better survival 
which could have an effect on the survival of adeno-
carcinomas. However this did not have a significant 
effect when comparing the original with the modified 
Norwegian cohort.

In the WHO classification of adenocarcinomas 
1999 and 2004, the vast majority (94%) was of mixed 
subtype. This changed recently in resectable speci-
mens by a multidisciplinary panel of lung cancer 
experts who developed a new classification in which 
BAC and mixed subtypes are replaced by adenocar-
cinoma in situ (AIS), and mixed subtypes are classi-
fied into five invasive subtypes estimated in 5% 
increments followed by identification and classifica-
tion of the predominant histologic subtype (12). The 
relation between keratin expression and the new clas-
sification of adenocarcinomas has not been fully 
addressed in this article.

In conclusion, this study provides the first evi-
dence that specific keratin patterns could play a 
major role in early stage NSCLC, and demonstrates 
promising results supporting its potential as a prog-
nostic factor for survival. Examination of keratin pat-

terns in early stage NSCLC may assist in selecting 
patients with poor prognoses for further adjuvant 
therapy and should be considered in future studies 
of early-stage NSCLC.
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