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Key messages

What is the key question?

Is there a specific prognostic biomarker for patients with surgically resected NSCLC that harbors
an EGFR mutation?

What is the bottom line?

We identified MUCS5B, a mucous protein, as a favorable prognostic marker specific for patients
with EGFR mutant NSCLC.

Why read on?

MUCS5B may serve as a biomarker that could be used to direct the therapeutic strategy for

treating EGFR mutant NSCLC.
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Abstract

Background: Genetic screening of pharmacologically treatable driver mutations, including
epidermal growth factor receptor (EGFR) mutations, has become common in diagnosis for non-
small cell lung cancer (NSCLC). Prognostic markers associated with each driver mutation
detected in resected tumors will be useful in designing subsequent therapies.

Objectives: To determine the use of the mucin proteins MUCS5B and MUCSAC as prognosis
markers for NSCLCs carrying EGFR mutations.

Methods: Expression of MUCS5B and MUCSAC were evaluated by immunohistochemical (IHC)
analysis in 159 patients with NSCLC who underwent surgical resection (EGFR mutant type:
n=78, EGFR wild type: n=81). The association of MUC5B or MUCS5AC expression with
clinicopathological characteristics and postoperative survival rate was analyzed according to
EGFR mutation status.

Results: Patients whose tumors expressed MUCSB had significantly longer overall survival (OS)
and relapse-free survival (RFS) compared to the MUCSB negative patients with EGFR mutant
NSCLC (p=0.0098, p=0.0188, respectively). In patients with EGFR wild type NSCLC, there was
no association with MUCS5B expression. MUCSAC expression was not different between EGFR
mutant and wild type NSCLC.

Conclusions: Present findings indicate that MUCS5B, but not MUCSAC, is a novel prognostic
biomarker for patients with NSCLC carrying EGFR mutations but not for patients with NSCLC

carrying wild type EGFR.
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Strengths and limitations of this study

1. A prognostic marker for each driver mutation in NSCLC has not yet been determined.

2. MUCSB is a favorable postoperative prognostic marker for EGFR mutant NSCLC.

3. MUCS5AC is not correlated with postoperative prognosis regardless of EGFR mutation status.

4. The function of MUC5B in EGFR mutant NSCLC remains unknown.
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Introduction

Lung cancer is the primary cause of cancer-related death in the United States and worldwide.[1]
Non-small cell lung cancer (NSCLC) accounts for approximately 80-85% of all lung cancers.[1]
Currently, targeted therapies for non-resectable NSCLC have progressed rapidly, based on the
discovery of pharmacologically treatable driver mutations in epidermal growth factor receptor
(EGFR) and fusions of anaplastic lymphoma kinase (ALK).[2,3] These moleculary targeted
therapies have revealed distinct and/or overlapping tumorigenic pathways associated with each
driver mutation, especially regarding the mechanisms of tumor recurrence.[4] Genetic screening
of driver mutations, including EGFR mutations and ALK fusions, is now common for metastatic
NSCLC but not for surigically resected primary NSCLC.[5] However, many patients suffer
recurrence despite surgery.[6] Considering the current decreased costs of genetic screening and
increasing understanding of molecular mechanisms associated with such ‘“druggable” driver
mutations, identification of such mutations and associated prognosis factors from resected
primary NSCLC will help establish feasible schemes for therapies prior to or to limit tumor
recurrence.

Recently, we reported that decreased expression of Nkx2-1 (also known as TTF-1) in a mouse
model of EGFR mutant NSCLC reduced the number and size of lung tumors [7] and extended the
survival of the mice (see online supplementary figure S1). Unexpectedly, the decreased Nkx2-1
induced the expression of a mucin protein MUCS5B but not MUCS5AC in EGFR mutant lung
tumors in the mice,[7] suggesting that MUCS5B may serve as a favorable prognostic marker
associated with EGFR mutant NSCLC in humans. In the present study, we demonstrate that
patients whose primarily resected EGFR mutant lung tumors express MUCS5B survived
significantly longer than those whose primarily resected EGFR mutant lung tumors did not

express MUC5B. MUCSB was not associated with survival in EGFR wild type NSCLC. Our
5
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finding provides a novel approach to assess prognosis for patients whose primarily resected lung

tumors carry EGFR mutations.
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Methods

Study Population

Among the patients who underwent surgical resection at Nagasaki University Hospital and
related facilities between June 1996 and March 2013, patients who were tested for the presence
or absence of EGFR mutations were selected for this study. We further selected the patients
whose clinicopathological characteristics were retrieved from the patients’ charts and whose
prognosis was followed at our institution and related facilities. We enrolled 159 patients (EGFR
mutant type: n=78, EGFR wild type: n=81) for this study (table 1). All investigations were
approved by our institution and related facilities review boards, and informed consent was

obtained from all participants prior to the study.

Clinicopathological Evaluation

Histological classification of NSCLC was designated as to three types — well, moderately and
poorly differentiated — based on the predominant features according to the World Health
Organization classification.[8] The patients remained for a median follow-up period of 1680 days,
ranging from 55 to 4503 days. For all patients, periodic inspection with chest x-ray, CT scan and
tumor marker assays was performed every several months to confirm the presence or absence of

recurrence, even if patients experienced no complaints or no symptoms.

Antibody Information
For immunohistochemical staining, primary antibodies were wused at the following
concentrations: rabbit polyclonal anti-MUCS5B (1:200; sc-20119, Santa Cruz Biotechnology),

rabbit polyclonal anti-MUCS5AC (1:50; sc-20118, Santa Cruz Biotechnology).
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Sample Preparation, Selection and Immunohistochemistry

The 5-um thick formalin-fixed, paraffin-embedded (FFPE) lung sections were deparaftinized in
dimethylbenzene and dehydrated through a graded alcohol series. For antigen retrieval, the FFPE
lung sections were incubated in 10 mM citric acid (pH 6.0) at 121°C for 15 min and then washed
in phosphate-buffered saline (PBS). Next, the lung sections were immersed in 3% H,0, solution
for 30 min to block the endogenous peroxidase followed by incubation with each primary
antibody at 4 °C overnight. After washing in PBS, the lung sections were incubated with the
peroxidase-conjugated secondary antibodies (Simple Stain MAX-PO kit, Nichirei, Tokyo, Japan)
for 30 min at room temperature. For IHC staining, the lung sections were visualized with a
diaminobenzidine (DAB: brown) kit (Histofine, Nichirei) and counterstained with hematoxylin.
The lung sections visualized with DAB were dehydrated with alcohol and dimethylbenzene and
mounted in a conventional fashion.

Normal bronchial tissue specimens that moderately expressed MUCS5SB were prepared as
positive controls in all cases. Normal gastric mucosa tissue specimens that moderately expressed
MUCSAC were prepared as positive controls in all cases. Negative controls were also prepared
in all cases. MUCS5B and MUCS5AC staining was evaluated by immunohistochemistry by two
independent trained observers (K.W. and T.T.) using the following criteria: score 0, no staining;
score 1, weak staining; score 2, distinct staining; score 3, very strong staining. Score 0 and 1 were

further categorized as negative, and score 2 and 3 as positive.

Statistical Analysis
For univariate analysis, categorical data were analyzed by the chi-square test or Fisher’s exact
test or the Cochran-Armitage test. Continuous data were expressed as a mean using the Mann-

Whitney U test or the Kruskal-Wallis test. The overall survival (OS) and relapse-free survival
8
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(RFS) were calculated according to the Kaplan-Meier method, and differences between groups
were tested for significance using the log-rank test. Subjects who neither died nor had recurrence
were censored at the time of their last follow-up. The prognostic relevance of a single factor was
determined by multivariate Cox regression analysis. A p-value of 0.05 or less was considered

significant. SPSS version 17 software (SPSS Japan, Tokyo, Japan) was used for the analysis.
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Results

Expression of MUCSB and MUCSAC in human NSCLC

We previously reported that a mouse model of EGFR mutant NSCLC in Nkx2-1 heterozygous
background (EGFR*>*%; Nkx2-1" 7) expressed MUCSB (but not MUCS5AC) in lung tumors while
those in Nkx2-1 wild type background (EGFR™®R; Nkx2-1"") did not express MUC5B.[7] The
EGFR™®R: Nkx2-1"" mice survived significantly longer than the EGFR™*®*; Nkx2-1"* mice (p=
0.0134; see online supplementary figure S1), suggesting that MUCS5B is associated with a
favorable prognosis in EGFR mutant NSCLC. Since MUCS5B is an abundant cytoplasmic and
secreted protein, we assessed whether MUCSB could be used as a prognostic marker for patients
with NSCLC carrying EGFR mutations in primary resected human lung tumors. Primary
resected NSCLC tumors were tested immunohistochemically for the presence of MUCSB.
MUCSB staining was detected in the cytoplasm of NSCLC cells in 27 of the 78 samples with
EGFR mutations and 29 of the 81 samples with wild type EGFR (figure 1A,B). The NSCLC
samples were also tested using MUCSAC antibody, detecting expression of MUCSAC in the
cytoplasm of NSCLC cells in 20 of the 73 samples with EGFR mutations and 24 of the 79
samples with wild type EGFR (figure 1C,D). These results indicate that both MUCS5B and

MUCSAC are expressed in a portion of human NSCLC.

Prognostic Association of MUCSB or MUCSAC with EGFR mutant or EGFR wild type
NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or wild type EGFR were assessed. In a cohort of patients whose resected NSCLC
tumors carrying EGFR mutations, patients whose tumors expressed MUCS5B (MUCSB positive

patients) survived significantly longer than patients whose tumors do not express MUCS5B
10
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(MUCSB negative patients) in both OS (p= 0.0098; figure 2A) and RFS (p= 0.0188; figure 2B).
In a cohort of patients whose resected NSCLC tumors with wild type EGFR, there was no
significant difference between the MUCSB positive patients and MUCS5B negative patients in OS
and RFS (figure 2C,D). Expression of MUC5AC in NSCLC was not associated with OS and
RFS regardless of EGFR mutation status (figure 3). The expression of MUCS5B in NSCLC
tumors carrying EGFR mutations was not correlated with clinicopathological parameters,
including age, gender, smoking status, histological types, tumor size, degree of differentiation,
stage, tumor status, nodal status, lymphatic invasion and venous invasion (table 2). Univariate
analysis showed significant differences (p< 0.05) in OS and RFS in expression of MUCS5B, tumor
size, degree of differentiation, stage, lymphatic invasion and venous invasion (table 3).
Multivariate Cox regression analysis using the variables that were p< 0.05 in univariate analysis
showed that the expression of MUCS5B was independently associated with better OS and RFS (p<
0.05; table 4). These results indicate that MUCS5B is a favorable prognostic marker for
postoperative patients whose resected NSCLC tumors carry EGFR mutation but not those with

wild type EGFR.

11
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Discussion

In the present study, we demonstrate that expression of MUCS5B in primary EGFR mutant
NSCLC is associated with longer survival in patients with NSCLC. MUCS5B, but not MUCS5AC,
is a favorable prognostic biomarker for NSCLC in humans carrying EGFR mutations.

MUCS5B has been assessed as a prognostic biomarker for multiple cancers in several studies,
using RT-PCR, microarray analysis and immunohistochemistry (see online supplementary table
S1 and S2).[9-13] mRNA data assessing MUCS5B as a prognostic biomarker was obtained from
PrognoScan, a database for meta-analysis of the prognostic value of genes using microarray data
deposited to the public domain (see online supplementary table S2).[14] The prognostic impact of
MUCS5B expression differed among cancer types. In lung cancer, six microarray studies analyzed
by PrognoScan did not indicate MUCS5B as either a good or a poor prognostic biomarker.[15-20]
Immunohistochemical analysis indicated MUCSB as a poor prognosis biomarker (see online
supplementary table S1),[9] a finding contradicting our present study. Previous mRNA
microarray and immunostaining were based on all NSCLCs independent of driver mutation-
based classification, which differs from our analysis that was based on classification by EGFR
mutations. The utility of MUCS5B as a prognostic factor differed in the two breast cancer studies,
depending on the molecular basis of the tumors. In all breast cancers, PrognoScan indicated that
MUCSB was associated with poor prognosis;[21,22] however, in ER (Estrogen Receptor)-
positive breast cancers, MUCS5B was associated with favorable prognosis,[23] indicating the
potential importance of tumor classification on a molecular basis. In the present study, we
assessed MUCS5B as a biomarker for NSCLC based on EGFR mutation status rather than on all
NSCLCs, identifying MUCS5B as a favorable prognosis biomarker for EGFR mutant NSCLC.

Regulation of MUC5B in EGFR mutant NSCLC is not well understood. MUC54C and

MUCSB genes are closely located at a locus on human chromosome 11. Both are evolutionally
12
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conserved gel-forming mucins secreted from airway epithelial cells in the lung. In normal lung,
MUCSB is constitutively expressed at higher levels than MUCSAC.[24] In asthma and other
inflammatory lung diseases, MUCS5AC is highly induced in airway goblet cells.[24] In idiopathic
pulmonary fibrosis (IPF), MUCS5B but not MUCSAC is highly expressed in the airway goblet
cells.[25,26] The SNP rs35705950 located at the MUCS5B promoter is associated with induction
of MUC5B mRNA in IPF;[26] however, we detected the SNP rs35705950 in only one of 27 cases
in the EGFR mutant NSCLC expressing MUCS5B (data not shown), indicating that the SNP is not
associated with increased MUCSB in EGFR mutant NSCLC. Since MUCS5B was induced in
EGFR mutant lung tumors in Nkx2-1 heterozygous mice (EGFR**}; ka2-1+/'), Muc5b is
suppressed by NKX2-1 in EGFR mutant NSCLC in mice.[7] Regulatory mechanisms controlling
the MUCS5B gene are not understood in EGFR mutant NSCLC in human. The function of
MUCSB in cancer has been analyzed using a truncated MUCS5B in MCF7 breast cancer cells,
truncated MUCSB promoting tumorigenesis of MCF7 cells.[13] However, the use of truncated
MUCS5B may obscure the intrinsic role of full-length MUCS5B since there is a possibility that the
truncated MUCS5B may function in a dominant-negative fashion. In lung, MUCS5B is required for
mucociliary clearance and innate immunity against bacterial infection.[27] The potential
functions of MUCS5B in lung cancer, including EGFR mutant lung cancer, are not known. The
present study suggests that MUCSB or processes regulating MUCS5B may influence the growth
and metastasis of EGFR mutant NSCLC. MUCS5B may serve as a surrogate biomarker
influenced by a pathway involved in metastasis and recurrence associated with EGFR mutant
NSCLC.

In conclusion, our data revealed the clinicopathological significance of MUCS5B as a favorable
prognostic factor in resected EGFR mutant NSCLC. Further studies are necessary to elucidate

the gene regulatory mechanism and the function of MUCS5B in EGFR mutant NSCLC.
13
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Legends

Table 1: Baseline characteristics of the 159 patients with NSCLC

Definition of abbreviations: NSCLC = non-small cell lung cancer; MD = missing data.
* Data are median (range) or number (%) unless otherwise stated.

TOther mean NSCLC neuroendocrine.

Table 2: Association with clinicopathological data and the expression of MUCSB of patients
with EGFR mutant NSCLC
Definition of abbreviations: NSCLC = non-small cell lung cancer; MD = missing data.

* Data are median (range) or number (%) unless otherwise stated.

Table 3: Univariate analysis for OS and RFS in EGFR mutant NSCLC patients
Definition of abbreviations: NSCLC = non-small cell lung cancer; OS = overall survival; RFS =
relapse-free survival; adeno = adenocarcinoma; sq = squamous cell carcinoma.

*Data are p-values by Kaplan-Meier analysis.

Table 4: Multivariate analysis for OS and RFS in EGFR mutant NSCLC patients

Definition of abbreviations: NSCLC = non-small cell lung cancer; OS = overall survival; RFS =

relapse-free survival; adeno = adenocarcinoma; sq = squamous cell carcinoma; HR = hazard ratio.
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Figure 1: Immunohistochemical staining for MUCSB and MUCSAC expression in NSCLC
Representative images of immune-positive staining for MUCS5B in NSCLC (A) and negative

staining (B), and positive staining for MUCS5AC (C) and negative staining (D).

Figure 2: Survival curves for patients based on the expression of MUCSB in EGFR mutant
or wild type NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or EGFR wild type. OS (A) and RFS (B) in the patients with EGFR mutant type

NSCLC, and OS (C) and RFS (D) in the patients with EGFR wild type NSCLC.

Figure 3: Survival curves for patients based on the expression of MUCSAC in EGFR
mutant or wild type NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or EGFR wild type. OS (A) and RFS (B) in the patients with EGFR mutant type

NSCLC, and OS (C) and RFS (D) in the patients with EGFR wild type NSCLC.
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Table 1. Baseline characteristics of the 159 patients with NSCLC

Number of patients

Median age (range, years)

Gender
Male

Female

Smoking status
Non-smoker

Smoker

Histological type
Adenocarcinoma: Bronchoalveolar
Adenocarcinoma

Squamous cell carcinoma
Adenosquamous carcinoma

Other™

Median tumor size (range, mm)

Degree of differentiation
Well

Moderately

Poorly

MD

Stage
IA/IB
TTA/IIB
1IA/IIIB

Tumor status
T1-2
T3-4

Nodal status
NO

N1-3

Lymphatic invasion

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

67.5(32-90)

103(65%)
56(35%)

54(34%)
105(66%)

33(21%)
91(57%)
32(20%)
2(1%)
1(1%)

32.4(8-120)

55(35%)
69(43%)
28(18%)

7(4%)

81(51%)
40(25%)
38(24%)

136(86%)
23(14%)

103(65%)
56(35%)

Page 22 of 35

‘yBuAdoo Ag palosloid 1sanb A 20z ‘6T Idy uo /woo fwg uadolwg//:dny wouy papeojumod ‘STOZ AINC 62 U0 99£800-GT0Z-Uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 23 of 35

©CoO~NOUITA,WNPE

Negative
Positive

MD

Venous invasion
Negative
Positive

MD

EGFR
Wild type
Mutant type

BMJ Open

56(35%)
102(64%)
1(1%)

76(48%)
82(52%)
1(1%)

81(51%)
78(49%)
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Table 2. Association with clinicopathological data and the expression of MUCSB of patients with

EGFR mutant NSCLC
MUC5B
Total Negative (-) Positive (+)
Parameters (n=78) (n=51) (n=27) P-value
Median age (range, years) 66.9(41-85) 66.7(42-83) 67.3(41-85) 674
Gender
Male 35(45%) 22(43%) 13(48%)
Female 43(55%) 29(57%) 14(52%) 6721
Smoking status
Non-smoker 42(54%) 28(55%) 14(52%)
Smoker 36(46%) 23(45%) 13(48%) 7971
Histological type
Adenocarcinoma: Bronchoalveolar 27(35%) 16(31%) 11(41%)
Adenocarcinoma 43(55%) 29(57%) 14(52%)
Squamous cell carcinoma 8(10%) 6(12%) 2(7%) .6522
Median tumor size (range, mm) 25.7(8-60) 26.1(8-60) 24.9(8-50) 8771
Degree of differentiation
Well 35(45%) 22(43%) 13(48%)
Moderately 28(36%) 19(37%) 9(33%)
Poorly 11(14%) 6(12%) 5(19%) 7348
MD 4(5%) 4(8%) 0(0%)
Stage
IA/IB 46(59%) 29(57%) 17(63%)
1IA/1IB 14(18%) 8(16%) 6(22%)
IIIA/IIIB 18(23%) 14(27%) 4(15%) 4162
Tumor status
T1-2 68(87%) 42(82%) 26(96%)
T3-4 10(13%) 9(18%) 1(4%) .0797
Nodal status
NO 53(68%) 35(69%) 18(67%)
N1-3 25(32%) 16(31%) 9(33%) .8599
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Lympbhatic invasion

Negative
Positive

MD

Venous invasion
Negative
Positive

MD

35(45%)
42(54%)
1(1%)

45(58%)
32(41%)
1(1%)

26(51%)
24(47%)
12%)

30(59%)
20(39%)
12%)

9(33%)
18(67%)
0(0%)

15(56%)
12(44%)
0(0%)

1165

7057
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Table 3. Univariate analysis for OS and RFS in EGFR mutant NSCLC patients

oS
Age 7311 1207
Gender (male vs female) .3166 813
Smoking (no vs yes) 9754 .8508
MUCSB (positive vs negative) .0098 .0187
Tumor size .0058 .0001
Histological type (adeno vs sq)* .0245 .6369
Differentiation (well vs moderately vs poorly) 0172 .0137
Stage I vs Stage 1I/111 .0095 .0308
Lymphatic invasion (negative vs positive) .0075 .0011
Venous invasion (negative vs positive) .0045 .0021
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Table 4. Multivariate analysis for OS and RFS in EGFR mutant NSCLC patients

Independent variables

HR

95% CI

P-value

P OO~NOULAWNPE

e el
OUDWNRERO

MUCSB (positive vs negative)

Tumor size

Histological type (adeno vs sq)*
Differentiation (well vs moderately vs poorly)
Stage I vs Stage 1I/111

Lymphatic invasion (negative vs positive)

Venous invasion (negative vs positive)

15.378
2.38
1.706
2.441
2.112
6.531
0.39

1.617 to 146.293
0.188 to 30.162
0.376 to 7.737
0.592 to 10.069
0.529 to 8.433
0.499 to 85.521
0.066 to 2.305

.0174
.5033
4885
2171

29

1528
.2986

el
© 0~

~RFS~

N
o

Independent variables

HR

95% CI

P-value

WNNNDNNNDNDNDDN
QUOWONOUILAWNPF

MUCSB (positive vs negative)

Tumor size

Histological type (adeno vs sq)*
Differentiation (well vs moderately vs poorly)
Stage I vs Stage 1I/111

Lymphatic invasion (negative vs positive)

Venous invasion (negative vs positive)

2.783
2.8609
0.6208
0.7168
1.2296
7.2608
0.8025

1.0989 to 7.0483
0.7700 to 10.6293
0.1633 t0 2.3602
0.3095 to 1.6603
0.4435 to 3.4087
1.6535 to 31.8834
0.2628 to 2.4500

.0309
1165
4841
4373
.6912
.0086
.6992

oo oI DBMBAEMDIMDBAMDAEDIMDDNOWWWWWWWW
QUOWONODUPRRWNRPOOO~NOOOPRARWNRPFPOOONOOUIAWNPE

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

27

“ybBuAdoo Ag palosloid 1sanb Ag 20z ‘6T Idy uo /woo fwg uadolwa//:dny wouy papeojumod ‘STOZ AINC 62 U0 99£800-GTOZ-Uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoOoO~NOUTA,WNPE

BMJ Open

Figure 1

A

Positive

Negative |

Figure 1: Immunohistochemical staining for MUC5B and MUC5AC expression in NSCLC
Representative images of immune-positive staining for MUC5B in NSCLC (A) and negative staining (B), and
positive staining for MUC5AC (C) and negative staining (D).
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Figure 2

EGFR mutant type NSCLC EGFR wild type NSCLC
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Figure 2: Survival curves for patients based on the expression of MUC5B in EGFR mutant or wild type NSCLC
Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR mutations or EGFR
35 wild type. OS (A) and RFS (B) in the patients with EGFR mutant type NSCLC, and OS (C) and RFS (D) in the

36 patients with EGFR wild type NSCLC.
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Figure 3
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Figure 3: Survival curves for patients based on the expression of MUC5AC in EGFR mutant or wild type

NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR mutations or EGFR
wild type. OS (A) and RFS (B) in the patients with EGFR mutant type NSCLC, and OS (C) and RFS (D) in the

EGFR wild type NSCLC
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Supplementary Methods

Transgenic mice were generated as previously described (7). Mice were maintained according to
protocols approved by the Institutional Animal Care and Use Committee at the Cincinnati
Children’s Hospital Medical Center. Mice were housed in a pathogen-free barrier facility in
humidity and temperature-controlled rooms on a 12:12 h light/dark cycle, allowed food and

water ad libitum.
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Figure S1: Kaplan-Meier analysis of overall survival in EGFR mutant NSCLC mice
EGFR***"/Nkx2-1"" mice whose lung tumors express MUC5B significantly survived longer
than EGFR"®*®/Nkx2-1"" mice whose lung tumors lack MUC5B (p= .0134). DOX

L858R
R

(doxycycline) administration induces mutant EGFR (EGF ) in lung epithelium.
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Auther

Year

Species

Sample

Organ size (n)

Objective

Analysis method

Result
(MUCSB positive)

1 Yu CJ?

1996

human

To elucidate the clinical
significance of mucin gene
overexpression in lung cancer

lung 60

Slot-blot analysis and
immunohistochemistry in
surgical specimens of
NSCLC

Associated with repalse
(p=.0015) and lower
DFS (p=.0037)

P OO~NOULAWNPE

o

Pinto-de-
Sousa J'”

el
N
[ ]

2004

human

To elucidate the clinical
significance of mucin gene
overexpression in gastric cancer

gastric 50

Immunohistochemistry
in surgical specimens of
gastric carcinomas

No significance (p=.59)

el
g w

3 | Varangot M'"

2R
o ~N®

2005

human

To evaluate the prognostic value
of MUCS5B mRNA expression in
bone marrow aspirates

breast 80

Multimarker RT-PCR
assay in pre-operative
bone marrow aspirates

Unexpected favorable
clinical outcome.

N =
o ©

Partheen K'?

N NN
WN P
~

2006

human

In order to find novel candidate

ovarian 54 .
biomarkers

Microarray (with
hierarchical cluster
analysis) and quantitative
RT-PCR assay

A hierarchical sub-group
that included 60% of the
survivors shows higher
mRNA expression
(p<.001)

NN
[S >N

5 Valque H"

NN
~N O

2012

mouse

To understand better the
implication of MUCSB in cancer
pathogenesis

breast 22

histological and
immunological analysis

Correlate with poor
survival with
no significance (p=.08)

U OISR DMBEDIAMDIMDAEADIEDIMNDWOWWWWWWWWWWNDN
QOO NOUPRRWNRPOOO~NOOUPRWNPRPOOONOOPRAWNE O OO®

Table S1: Association of MUCSB with prognosis in multiple cancers

reaction; OS, overall survival; RFS, relapse-free survival; HR, hazard ratio.
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GENE MUCSD muein SB,olgomeric mucungel-forming. None a2 OverallSarvival Auhs (1995-2008) A
GENE MUCSB mucin 5B, olgomerc mucusizkforming None  GSEI2417.GPL9G Ane OvenllSuvival AMLCG(1999-2003)  Metzsker
GENE MUCSB musin SB,algomeric mucisigel-forming. None  GSEL2417.GPLO6 A OverallSuvival ANLCG(1999-2008)  Metsclr
GENE MUCSB mucin 5B, olgomerc mucus el forming None  GSE12417-GPLSTO Awe OvenallSavival AMLCG2004)  Metzsir
GENE MUCSB musia 5B, algomere mucuselforming None GSE12417-GPLSTO A Ovenallsuvival AMLCG(2004)  Metssler
GENE MUCSB muein S, olgomerc mucusge-forming. None. aswsin AML OverallSarvival Sn Diew Raponi
GENE MUCSB musin 5B, olgomeric mucusge-forming. None. s Ane OvenallSuvival Dian Raponi
GENE MUCSB musin SB,aligomeric mucisge-forming. None. a0 AnL OverallSuvival SnDiew Raponi
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. a0 OvenllSuvival SnDiew Rapon
GENE MUCSB musin SB,algomeic mucisge-forming. None. a3 Beclllymphoma OverallSuvival Beln (2003.2005)  Humumel
(GENE_ MUCSD musin 5B, algomeric mucusge-forming. None. s Beelllymphoma OvenallSavival Berln (2003.2005)  Homnmel
GENE MUCSB musin 3B, olsomerc mucusigekforming None  E-TABM-346 pLacL OverallSuvival s
(GENE MUCSB misin SB,algomeric mucunigelforming. Non  ETABM-346 pLBCL OverallSurvival s
GENE MUCSB mucin 5B, olgomeric mucusizkforming None  E-TAB346 bLacL Event Free avival GELA9ON00D)  is
GENE MUCSB musin SB,algomeric mucisigelforming None  ETABM-346 [ Event Froe Suvival GELA(I9982000)  is
GENE MUCSB mucin SB,olgomerc mucusie-forming None  GSEI6131-GPLYG Follcuar lymphoma OvenallSavival NGL(197a200) D
GENE MUCSB musia 3B, alsomere mucusielforming None  GSELGI31-GPLOG Follcua lymphoma OverulSuvival NO(974200) Dave
GENE MUCSB muein S, olgomerc mucusge-forming. None. Gsaess Multiple mycloms Dissre Spcific arvival Arkamsas Zhan
GENE MUCSB musin 5B, olgomeric mucusgekforming. None s Multile mycloma_ Discase Specific Suvivl e Zhan
GENE MUCSB musin SB,algomere muctnel-forming. None  GSE4271-GPL96 Asrocytoma OverallSuvival Philips
GENE MUCSB mucin 5B, olgomerc mucusizekforming None  GSE4271-GPL9G Asrocytoma OvenallSavival Philips
GENE MUCSB musin SB,algomeric mucisgeh-forming None. 696, Giiobasama OvenalSuvival st
(GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. G696 Giobissoma OverllSavival Mueat
GENE MUCSB muxin SB,algomeric mucisge-forming. None. MGtt-gioma Giioma OverallSuvival Nt
(GENE MUCSD musin SB,algomerc mocingelforming. None  GSE4412.GPLS6 Gom OverallSavival UCLA (19962008 i
GENE MUCSB mucin 5B, olgomerc mucusizkforming None  GSE4412.GPLOG Gioma OvenllSuvival UCLA (9962003 Frsie
GENE MUCSB musin SB,aligomerc mucisielforming. Nons asloss! Meniagoma OverallSuvival [T —
GENE MUCSB musin 5B, algomeric mucisge-forming. None. aselossl Meningoma 1 Srvival [TET—
GENE MUCSB musin SB,algomeric mucisgeh-forming. None. as1o6ls Disant Metastsis Free Survival DEmCC L
GENE MUCSB muein S, olgomeric mucusge-forming. None. 19615 Disant Metastsis Fres Srvival DEtICC L
GENE MUCSB musin 5B, olgomeric mucusgekforming. None. G Dike Bl
GENE MUCSB musin SB,algomeric mucuagel-forming. None. asersa Duke (19902001)  Anders
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. as12276 BMC o
GENE MUCSB musin SB,aligomere mueusig-f a6 BMC s
GENE MUCSB musin 5B, olgomerc e GS6S32GPLSTO0 vt Lo
GENE MUCSB musin 5B, olgomerc mucusiekforming None  GSE6S32.GPLSTO Gt Lo
(GENE MUCSD musin S, algomere mocinel-forming. None  GSE6S32.GPLST0 Relapse Free Sarvival vt Loi
GENE MUCSB musin 5B, olgomeric mucisgek-forming. None. Disant Metastasis Free Srvival Gt Lo
GENE MUCSB musin SB,algomeric mucisge-forming None Disant Metastsis Free Srvival a2 Lo
GENE MUCSB musin 5B, olgomeric mucisge-forming. None. Relups Fre Suvival avr2 Loi
GENE MUCSB musin SB,algomeric mucisge-forming. None. Relaps Fres Swvival auvr2 Lo
GENE MUCSB muein S, olgomerc mucusge-forming. None. Disant Metastsis Free Srvival aovr2 Lo
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. Disant Metastasis Free Srvival 10,NCL TUM, CCF (1992.2000)

GENE MUCSB musin SB,aligomeric mucusge-forming. None. Disant Metastsis Free Srvival 10, NCL TUM, CCF (1992-2000)

GENE MUCSB musin 5B, algomeric mucisgek-forming. None. Distant Metastsis Fres Srvival Manz (1958-199%)

GENE MUCSB musin SB,algomeric mucisgeh-forming. None. Distant Metastais Fres Srvival Mains (1955-199%)

(GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. Relaps Fre Sarvival MG (1957-2000)

GENE MUCSB muxin SB,olgomeric mucisge-forming. None. Relapse Free Suvival MGH (1957-2000) .

GENE MUCSD muein SB,olgomeric mucungel-forming. None OverallSavival Mantpele, Bordeas, Tuin (1959-2001)  Chanrion
GENE MUCSB musin 5B, olgomeric mucisgek-forming. None. Disant Metastasis Free Srvival Rotterdam (1950-1995)  Wan

GENE MUCSR musin SB,algomeric mucisge-forming None Disant Metastsis Free Srvival Roterdam (1980-1995)  Wang
GENE MUCSB musin 5B, algomeric mucisge-forming. None. Discase pecific Sarvival Sockholm (1994-1996)  Pavian
GENE MUCSB musin SB,algomeric mucisge-forming. None. Relupse Free Swvival Sockbolm (1994-1996)  Pavian
GENE MUCSB muein S, olgomerc mucusge-forming. None. OverallSavival Sockholm (1994-1996)  Pavian
‘GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. Discase Speciic Sarvival Soekbolm (1994-1996)  Pavian
GENE MUCSR musin SB,aligomeric mucusge-forming. None. Relapse Free Survival Sockholm (1994-1996)  Pavitan
GENE MUCSB musin 5B, olgomeric mucisgek-forming. None. OvenallSavival Sockholm (1994-1996)  Pavian
GENE MUCSB musin SB,algomeric mucisge-forming None. Relapse Free Swvival UCS, CPMC (1959-1997) Ghin
GENE MUCSB muin 5B, olgomerc mucusielformng None  E-TABMISS Discase Speciic Savival UGS CPMC(1989-1997) Chn
GENE MUCSB musin 5B, olsomerc mucusiekforming None  E-TABMISS Relupse Free Suvival UCSE CPMC (1089-1997)  Gain
(GENE MUCSB misin SB,algomerie mucinigelforming. None  ETABM1SK Disee Speciic Sarvival UCSF, CPMC(1989-1997) Chin
GENE MUCSB mucin 3B, olgomerc mucusiztforming None  E-TABMIS OvenllSuvival UGS, CPMC(1989-1997) Chn
GENE MUCSB musin SB,algomeric mucisigelforming None  ETABMISS OverallSuvival S, CPMC (1959-1997) Chin
GENE MUCSB mucin SB,olgomerc mucusigetforming None  E-TABM1SS Disant Metastasis O, CPMC (1989-1997) Chin
GENE MUCSB musia 5B, alsomere mucusiglforming Nooe  ETABMISS Disant Metastasis Free S, CoMC (1089-1997) G

GENE MUCSB muein S, olgomerc mucisielforming None  GSE3494.GPL9G Disense Specific Sarvival Uppala (1957-1989)  Millr
GENE MUCSB musin 5B, olgomerc mucusiekforming None  GSES494.GPLOG Discase peciic Savival Uppsala (1957-1989)  Milr
GENE MUCSB musin SB,algomerc mucungel-forming. None  GSE4922.GPLY6 Discase Free Srvival Uppiala (1987-1989) Ishina
GENE MUCSB mucin 5B, olgomerc mucusizekforming None  GSE4922.GPL9G Uppsala (1957-1989)  ushina
GENE MUCSB muxin SB,algomeric mucisge-forming None. 90 Uppsala, Oxtord Sotirion
(GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. G990 Rel Uppral, Oxford St
GENE MUCSB muxin 5B, olgomeric mucisgek-forming. None. 2090 Distant Metastsis Fres Srvival Uppsal, Oxford Sotirion
(GENE MUCSD musin SB,algomeric mueusgel-forming. None. asE2990 Relapse Free Sarvival Uppial, Oxford Sotirion
GENE MUCSB musin 5B, olgomeric mucis ek forming. None. 2990 Disant Metastsis Fres Srvival Uppsil, Oxtord Sotiriou
GENE MUCSB musin SB,algomeric mucisge-forming None 290 Distant Metastais res Srvival Uppsala, Oxford Sotiriow
GENE MUCSB musin 5B, olgomeric mucisge-forming. None. G990 Distant Metatsis Fres Srvival Uppsil, Oxford  Sotiiou
GENE MUCSB musin SB,olgomeric mucisgeh-forming. None. G090 Relapss Fres Swvival Uppsdla, Oxtord Sotirion
GENE MUCSB muein S, olgomerc mucusge-forming. None. G390 Disant Metastasis Fres Srvival s, Oxford, Sockholm, 1GR, GUYT, CRH (1980-1998)  Desmedk
‘GENE MUCSB musin 5B, olgomeric mucusge-forming. None. T3 Relups Free Srvival psala, Oxford, Sockholm, 1GR, GUYT, CRIH (1980-199%)  Desmed:
GENE MUCSB musin SB,aligomeric mucisge-forming. None. 7390 . . 1GR GUYT, Desmes
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. = OverallSarvival spal, Oxford Sockholm, IGR, GUYT, CRI (1980-1998)  Desmek
GENE MUCSB muxin SB,algomeic mucisgeh-forming None. 7390 Disant Metastasis Free Suvivalspsala, Oxford, Sokbolm, IGR, GUYT, CRH (1950-1998)  Desmedk
‘GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. a0 opsai, Oxford, Sockholm, IGR, GUYT, CRI (1980-199%)  Desmadk
GENE MUCSB muxin 5B, olgomeric mucisge-forming. None. 12945 Beln S
GENE MUCSB musin SB,algomeric muciagel-forming. None 12915 Discase Free Srvival Beln S
GENE MUCSB musin 5B, olgomeric mucisgek-forming. None. 12945 Discase Free Survival Beln S
GENE MUCSB musin SB,algomeric mucisge-forming. None 1295 OverallSuvival Beln S
(GENE MUCSB musin 5B, algomeric mucisge-forming. None. asi7sie Discase peciic Savival e
GENE MUCSB musin SB,algomeric mucisgeh-forming. None. asirsie MeC Suin
GENE MUCSB muein S, olgomerc mucusge-forming. None. G736 e
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. G176 MeC smin
GENE MUCSR musin SB,aligomeric mucisge-forming. None. G176 MeC stk
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. G170 ee it
GENE MUCSB musin SB,algomeric mucisgeh-forming None. [C Melboume|Jorisen,
(GENE_ MUCSD musin 5B, algomeric mucusge-forming. None. G4 Meltouerisen
GENE MUCSB musin 5B, olgomeric mucisge-forming. None. G173 Wie smin
GENE MUCSB musin SB,algomeric mucuagel-forming. None as17597 Disense Specific Sarvival W smi
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. 17y Disease Froe Suvival W s
GENE MUCSB musin SB,algomeric mucisge-forming None a7y Disease Speciic Suvival WC snin
GENE MUCSB musin 5B, olgomeric mucisge-forming. None. G757 Colorsetalcancer OvenllSuvival wic i
GENE MUCSB musin SB,olgomeric mucisge-forming. None. G173 Colorsctal cancer Disease Fee Suvival W Suin
GENE MUCSB muein S, olgomeric mucusge-forming. None. asn1 Eyecancer  Uvesl melanoma Disant Metastsis Free Srvival BROIC Lawent
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. Gs21m Eyecncer  Useal meanoma, Distant Metasass Free uvival BROIC Lawrent
GENE MUCSB s one GSE2437 Hesd and neck cance F VUME, VAMC, UTMDACC (1992-2008)  Chung
GENE MUCSB muxin 5B, None. ey VUMC, VAMIC, UTMDACC (1992.2005)  Chung.
GENE MUCSB musi None. a2 VUM, VAMIC, UTMDACC (1992.2005)  Chun.
GENE MUCSB mixin None. sy VUMC, VAMC, UTMDACC (1992-2008)  Chung
GENE MUCSB musin 5B, algomeri mucus/lforming None jacob-00182-CANDF. Lngeancer Adenocarinoma OverallSuvival NDF Shedten
GENE MUCS musin S, o 00182.CANDF. Lumgeancer Adenocareinoma OverallSurvival CANDF  Shedien
GENE MUCSB musin 5B iscob10182-HLM Lgancsr Adenocarinoma OvenllSuvival HM Shodien
GENE MUCSB musin SB,algomerc mucuselforming None jacob 00182 HLM Lungeancer Adenocrcinoma OverallSuvival LM Shedden
GENE MUCSB muin SB,olgomeri mucusiel-forming None jacob-00182-MSK. Lungaancer Adenocarcinoma OvenallSavival MSC Shedien
GENE MUCSB musin SB,algomeric mucisge-forming. None. a0 Lung cancer Adenocainoma OvenallSuvival NCCRI| Okayams
GENE MUCSB muein S, olgomerc mucusge-forming. None. S Limgeancer Adenacareinoma Relape Free Survival NCCRI| Okayam
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. a0 Lngaancer Adenocurinoma el Savival NCCRI| Okayams
GENE MUCSR musin SB,aligomeric mucisge-forming. None. a0 Lungesncer|  Adenocarvinama Relaps Free Suvival NCCRI| Okayams.
GENE MUCSB mucin 5B, olgomerc mucus gl forming None jacob-0012-UM Lungaanesr Adenocarinoma OvenllSuvival UM Shedden
GENE MUCSB muxin SB,algomeric mucisgeh-forming None. G Lung cancer OverallSuvival [T
(GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. G Lungcancer NLe OverllSavival Due b
GENE MUCSB muxin 5B, olgomeric mucisgek-forming. None. aslania Lungcancer NscLe OverallSuvival I

GENE MUCSB musin SB,algomeric mucuagel-forming. None. aslasta Lungcancer NSCLC Discase Speifc Srvival w10 e
GENE MUCSB musin 5B, algomeric mucisge-forming. None. Gslana Lungcancer e OvenallSavival mB10 7
GENE MUCSB musin SB,algomeric mucisge-forming. None. aslasia Lungcancer NSCLC DiscaseSpeifc Survival T
GENE MUCSB musin 5B, algomeric mucusge-forming. None. Gansos Limgcancer NLe Relape Fres Sarvival S (19952008 Les
GENE MUCSB musin SB,olgomeric mucisge-forming. None. s Lung cancer NscLe Sod (19952008 Lee
GENE MUCSB muein S, olgomeric mucusge-forming. None. Gsis7s Lungcancer Sqamous el carcinoma Michigan (19912002)  Rapons
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. s Lung cancer Sqamous el carcinoma Michign (1991:2002)  Raponi
GENE. MUCSB musin SB,aligomeric mucusge-forming. None. GO9I Ovarian cancer AOCS RBH, WH, NKLAVL (1992-2000)  Tothil
GENE MUCSB musin 5B, algomeric mucisgek-forming. None. G991 Ovaran ancer ADCS. R, W, NKI-AVL (1992-2006)  Tothil
GENE MUCSB musin SB,algomeric mucisge-forming. None. DUKEOC  Ovarian cancer [T
(GENE MUCSB musin 5B, algomerc mucusge-forming. None DUKE-OC  Ovarin cancer Duke B
GENE MUCSB musin 5B, olgomeric mucisge-forming. None. GRSl Ovaran caner Ml (1992-2003)  Marchini
GENE MUCS musin SB,algomeric mucuagel-forming. None GERMT Ovarian cancer Milan (1992.2008)  Marchin
GENE MUCSB musin 5B, olgomeric mucis ek forming. None. GERl Ovaran cancer Ml (1992-2003)  Marchini
GENE MUCSB musin SB,algomeric mucisge-forming None GR26712 Ovarian caneer MSKCC (1990:2008)  Bonome.
(GENE_ MUCSB musin 5B, algomeric mucrsge-forming. None. 6826712 Ovarin cancer MSKCC (1990-2003) Banome.
GENE MUCSB musin SB,algomeric mucisge-forming. None. GR26712 Ovaran cancer MSKCC (1990:2003)  Bonome.
GENE MUCSB muein S, olgomerc mucusge-forming. None. G671 Ovarin cancer MSKCC (1990:2008)  Banome.
GENE MUCSB musin 5B, olgomeric mucusgek-forming. None. GE14764 Ovarin cancer TOC  Denker

GENE, MUCSR musin SB,aligomeric mucisge-forming. None. G0 Ovarin cancer TOC  Denkert
GENE MUCSB musin 5B, olgomeric mucisgek-forming. None. Gsi1oss Sincancer Melanoms NYU Bogmovic
GENE MUCSB musin SB,algomeric mucisgeh-forming. None. 1o Sincancer Melanoma NYU Bogmovie
‘GENE_ MUCSD musin 5B, olgomeric mucusge-forming. None. G099 Soft e cancer Liposarcoma Ditant Recurrence Free Sarvival MSKCC (19932008 Gotie
GENE_MUCSB muxin 5B, olgomeric mucisge-forming None. G30929 Soft isme cancer Liposarcoma Distan Recurrence Free Survival MSKCC (19932009 Gotte
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Table S2: PrognoScan analysis of MUCSB in multiple cancers
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AML, acute myelocytic leukemia; DLBCL, diffuse large B-cell lymphoma; NSCLC, non-small

cell lung carcinoma.
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Key messages

What is the key question?

Is there a specific prognostic biomarker for patients with surgically resected NSCLC that harbors
an EGFR mutation?

What is the bottom line?

We identified MUCS5B, a mucous protein, as a favorable prognostic marker specific for patients
with EGFR mutant NSCLC.

Why read on?

MUCS5B may serve as a biomarker that could be used to direct the therapeutic strategy for

treating EGFR mutant NSCLC.
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Abstract

Objectives: To determine the use of the mucin proteins MUCS5B and MUCSAC as prognosis
markers for non-small cell lung cancer (NSCLC) carrying EGFR mutations.

Setting: Patients who underwent surgical resection at Nagasaki University Hospital and related
facilities in Japan between June 1996 and March 2013.

Participant: One hundred and fifty-nine Japanese patients (male: n=103; female: n=56) with
NSCLC who underwent surgical resection (EGFR mutant type: n=78, EGFR wild type: n=81).
Results: Patients whose tumors expressed MUCS5B had significantly longer overall survival (OS)
and relapse-free survival (RFS) compared to the MUCSB negative patients with EGFR mutant
NSCLC (p=0.0098 and p=0.0187, respectively). In patients with EGFR wild type NSCLC, there
was no association with MUCS5B expression. MUCS5AC expression was not different between
EGFR mutant and wild type NSCLC.

Conclusions: Present findings indicate that MUCS5B, but not MUCSAC, is a novel prognostic
biomarker for patients with NSCLC carrying EGFR mutations but not for patients with NSCLC

carrying wild type EGFR.
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Strengths and limitations of this study

1. A prognostic marker for each driver mutation in NSCLC has not yet been determined.

2. MUCSB is a favorable postoperative prognostic marker for EGFR mutant NSCLC.

3. MUCS5AC is not correlated with postoperative prognosis regardless of EGFR mutation status.

4. The function of MUC5B in EGFR mutant NSCLC remains unknown.
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Introduction

Lung cancer is the primary cause of cancer-related death in the United States and worldwide [1].
Non-small cell lung cancer (NSCLC) accounts for approximately 80-85% of all lung cancers [1].
Currently, targeted therapies for non-resectable NSCLC have progressed rapidly, based on the
discovery of pharmacologically treatable driver mutations in epidermal growth factor receptor
(EGFR) and fusions of anaplastic lymphoma kinase (ALK) [2,3]. These moleculary targeted
therapies have revealed distinct and/or overlapping tumorigenic pathways associated with each
driver mutation, especially regarding the mechanisms of tumor recurrence [4]. Genetic screening
of driver mutations, including EGFR mutations and ALK fusions, is now common for metastatic

NSCLC but not for surigically resected primary NSCLC [5]. In the ALCHEMIST lung cancer

trials  (http://www.cancer.gov/researchandfunding/areas/clinical-trials/nctn/alchemist), patients
whose primary lung tumors carry EGFR mutations (EGFR-mutant patients) are being tested for
adjuvant therapy of erlotinib targeting EGFR mutations. However, a favorable or poor
prognostic biomarker associated with EGFR mutations is not known. Such biomarkers will be
useful to determine EGFR-mutant patients who would benefit most from the adjuvant therapy of
erlotinib and to avoid such unnecessary therapy after surgery in patients who would not benefit.
Recently, we reported that decreased expression of Nkx2-1 (also known as TTF-1) in a mouse
model of EGFR mutant NSCLC reduced the number and size of lung tumors [6] and extended the
survival of the mice (see online supplementary figure S1). Unexpectedly, the decreased Nkx2-1
induced the expression of a mucin protein MUCS5B but not MUCS5AC in EGFR-mutant lung
tumors in the mice [6], suggesting that MUCS5B may serve as a favorable prognostic marker
associated with EGFR mutant NSCLC in humans. In the present study, we assessed whether the

expression of MUCS5B in the primarily resected EGFR mutant or wild type lung tumors is linked
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to survival of the patients after surgery. Our study provides a novel approach to assess prognosis

for patients whose primarily resected lung tumors carry EGFR mutations.
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Methods

Study Population

Among the patients who underwent surgical resection at Nagasaki University Hospital and
related facilities between June 1996 and March 2013, patients who were tested for the presence
or absence of EGFR mutations were selected for this study. The EGFR mutations were
confirmed internally or externally (LSI Medience Corporation, Japan). We further selected the
patients whose clinicopathological characteristics were retrieved from the patients’ charts and
whose prognosis was followed at our institution and related facilities. We enrolled 159 patients
(EGFR mutant type: n=78, EGFR wild type: n=81) for this study (table 1). All investigations
were approved by our institution and related facilities review boards, and informed consent was

obtained from all participants prior to the study.

Clinicopathological Evaluation

Histological classification of NSCLC was designated as to three types — well, moderately and
poorly differentiated — based on the predominant features according to the World Health
Organization classification.[7] The patients remained for a median follow-up period of 1680 days,
ranging from 55 to 4503 days. For all patients, periodic inspection with chest x-ray, CT scan and
tumor marker assays was performed at least every six months to confirm the presence or absence

of recurrence, even if patients experienced no complaints or no symptoms.

Antibody Information
For immunohistochemical staining, primary antibodies were wused at the following
concentrations: rabbit polyclonal anti-MUCS5B (1:200; sc-20119, Santa Cruz Biotechnology),

rabbit polyclonal anti-MUCSAC (1:50; sc-20118, Santa Cruz Biotechnology).
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Sample Preparation, Selection and Immunohistochemistry

The 5-um thick formalin-fixed, paraffin-embedded (FFPE) lung sections were deparaftinized in
dimethylbenzene and dehydrated through a graded alcohol series. For antigen retrieval, the FFPE
lung sections were incubated in 10 mM citric acid (pH 6.0) at 121°C for 15 min and then washed
in phosphate-buffered saline (PBS). Next, the lung sections were immersed in 3% H,0, solution
for 30 min to block the endogenous peroxidase followed by incubation with each primary
antibody at 4 °C overnight. After washing in PBS, the lung sections were incubated with the
peroxidase-conjugated secondary antibodies (Simple Stain MAX-PO kit, Nichirei, Tokyo, Japan)
for 30 min at room temperature. For IHC staining, the lung sections were visualized with a
diaminobenzidine (DAB: brown) kit (Histofine, Nichirei) and counterstained with hematoxylin.
The lung sections visualized with DAB were dehydrated with alcohol and dimethylbenzene and
mounted in a conventional fashion.

Normal bronchial tissue specimens that moderately expressed MUCS5SB were prepared as
positive controls in all cases. Normal gastric mucosa tissue specimens that moderately expressed
MUCSAC were prepared as positive controls in all cases. Negative controls were also prepared
in all cases. MUCS5B and MUCS5AC staining was evaluated by immunohistochemistry by two
independent trained observers (K.W. and T.T.). The pathological criteria was determined by
reference to guideline for human epidermal growth factor receptor 2 (Her2/neu) testing in breast
cancer (score 0, no staining observed or incomplete faint/barely perceptible cytoplasmic staining
of < 10% of tumor cells; score 1, incomplete faint/barely perceptible cytoplasmic staining of >
10 % of tumor cells; score 2, incomplete weak/moderate cytoplasmic staining of > 10 % of tumor
cells; score 3, complete and intense cytoplasmic staining of > 30 % of tumor cells) [8]. Score 0

and 1 were further categorized as negative, and score 2 and 3 as positive.
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Statistical Analysis

For univariate analysis, categorical data were analyzed by the chi-square test or Fisher’s exact
test or the Cochran-Armitage test. Continuous data were expressed as a mean using the Mann-
Whitney U test or the Kruskal-Wallis test. The overall survival (OS) and relapse-free survival
(RFS) were calculated according to the Kaplan-Meier method, and differences between groups
were tested for significance using the log-rank test. Subjects who neither died nor had recurrence
were censored at the time of their last follow-up. The prognostic relevance of a single factor was
determined by multivariate Cox regression analysis. A p-value of 0.05 or less was considered

significant. SPSS version 17 software (SPSS Japan, Tokyo, Japan) was used for the analysis.
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Results

Expression of MUCSB and MUCSAC in human NSCLC

Since MUCSB is an abundant cytoplasmic and secreted protein, we assessed whether MUCS5B
could be used as a prognostic marker for patients with NSCLC carrying EGFR mutations in
primary resected human lung tumors. Primary resected NSCLC tumors were tested
immunohistochemically for the presence of MUCSB. MUCS5B staining was detected in the
cytoplasm of NSCLC cells in 27 of the 78 samples with EGFR mutations and 29 of the 81
samples with wild type EGFR (figure 1A,B). The NSCLC samples were also tested using
MUCSAC antibody, detecting expression of MUCSAC in the cytoplasm of NSCLC cells in 20 of
the 73 samples with EGFR mutations and 24 of the 79 samples with wild type EGFR (figure
1C,D). These results indicate that both MUCSB and MUCSAC are expressed in a portion of

human NSCLC.

Prognostic Association of MUCSB or MUCSAC with EGFR mutant or EGFR wild type
NSCLC
Expression of MUCS5B in NSCLC tumors carrying EGFR mutations was not correlated with
clinicopathological parameters, including age, gender, smoking status, histological type, tumor
size, degree of differentiation, stage, tumor status, nodal status, lymphatic invasion, venous
invasion or adjuvant chemotherapy (table 2). Expression of MUCS5B in NSCLC tumors with
wild type EGFR was not correlated with all of the clinicopathological parameters except
histological type (see online supplementary table S1).

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or wild type EGFR were assessed. In a cohort of patients whose resected NSCLC

tumors carrying EGFR mutations, univariate analysis showed significant differences (p<0.05) in
10
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OS in expression of MUCS5B, tumor size, histological type, degree of differentiation, stage,
lymphatic invasion and venous invasion, and in RFS in expression of MUCS5B, tumor size,
degree of differentiation, stage, lymphatic invasion and venous invasion (table 3). Patients whose
tumors expressed MUCS5B (MUCSB positive patients) survived significantly longer than patients
whose tumors do not express MUCS5B (MUCS5B negative patients) in both OS (5-year OS; 95.8%
versus 65.1%, p=0.0098; figure 2A) and RFS (5-year RFS; 69.9% versus 44.0%, p=0.0187;
figure 2B). Multivariate Cox regression analysis using the variables that were p<0.05 in
univariate analysis showed that the expression of MUCS5B was independently associated with
better OS and RFS (p<0.05; table 4). In a cohort of patients whose resected NSCLC tumors with
wild type EGFR, univariate analysis showed significant differences (p<0.05) in OS in smoking
status, stage, venous invasion and adjuvant chemotherapy, and in RFS in lymphatic invasion and
venous invasion (see online supplementary table S2). There was no significant difference
between the MUCSB positive patients and MUCSB negative patients in OS and RFS (5-year OS;
59.5% versus 63.6%, 5-year RFS; 36.0% versus 48.5%, respectively, figure 2C,D). Expression
of MUCS5AC in NSCLC was not associated with OS and RFS regardless of EGFR mutation
status (figure 3). These results indicate that MUCS5B is a favorable prognostic marker for
postoperative patients whose resected NSCLC tumors carry EGFR mutation but not those with

wild type EGFR.

11
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Discussion

In the present study, we demonstrate that expression of MUCS5B in primary EGFR mutant
NSCLC is associated with longer survival in patients with NSCLC. MUCS5B, but not MUCS5AC,
is a favorable prognostic biomarker for NSCLC in humans carrying EGFR mutations. Our study
also indicates that adjuvant chemotherapy is not effective for EGFR-mutant patients, suggesting
that mutant EGFR-targeting drugs, including gefitinib or erlotinib, should be used as an adjuvant
therapy mainly for MUC5B-negative EGFR-mutant patients who have a poorer prognosis than
MUCS5B-positive EGFR-mutant patients. Our results using MUCS5B as a prognosis biomarker
for EGFR-mutant patients should be integrated into the ALCHEMIST lung cancer trials to
determine patients who would benefit most from the adjuvant therapy.

MUCS5B has been assessed as a prognostic biomarker for multiple cancers in several studies,
using RT-PCR, microarray analysis and immunohistochemistry (see online supplementary table
S3).[9-14] mRNA data assessing MUCSB as a prognostic biomarker is available at PrognoScan,
a database for meta-analysis of the prognostic value of genes using microarray data deposited to
the public domain [15]. The prognostic impact of MUCS5B expression differed among cancer
types. In lung cancer, six microarray studies analyzed by PrognoScan did not indicate MUC5B
as either a good or a poor prognostic biomarker [16-21]. Immunohistochemical analysis
indicated MUCS5B as a poor prognosis biomarker (see online supplementary table S3) [9,14], a
finding contradicting our present study. Previous mRNA microarray and immunostaining were
based on all NSCLCs independent of driver mutation-based classification, which differs from our
analysis that was based on classification by EGFR mutations. The utility of MUCS5B as a
prognostic factor differed in the two breast cancer studies, depending on the molecular basis of
the tumors. In all breast cancers, PrognoScan indicated that MUCS5B was associated with poor

prognosis [22,23]; however, in ER (Estrogen Receptor)-positive breast cancers, MUCS5B was
12
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associated with favorable prognosis [24], indicating the potential importance of tumor
classification on a molecular basis. In the present study, we assessed MUCS5B as a biomarker for
NSCLC based on EGFR mutation status rather than on all NSCLCs, identifying MUCSB as a
favorable prognosis biomarker for EGFR mutant NSCLC.

Regulation of MUC5B in EGFR mutant NSCLC is not well understood. MUC5AC and
MUCSB genes are closely located at a locus on human chromosome 11. Both are evolutionally
conserved gel-forming mucins secreted from airway epithelial cells in the lung. In normal lung,
MUCSB is constitutively expressed at higher levels than MUCSAC.[25] In asthma and other
inflammatory lung diseases, MUCS5AC is highly induced in airway goblet cells.[25] In idiopathic
pulmonary fibrosis (IPF), MUCS5B but not MUCSAC is highly expressed in the airway goblet
cells.[26,27] The SNP rs35705950 located at the MUCS5B promoter is associated with induction
of MUC5B mRNA in IPF;[27] however, we detected the SNP rs35705950 in only one of 27 cases
in the EGFR mutant NSCLC expressing MUCS5B (data not shown), indicating that the SNP is not
associated with increased MUCSB in EGFR mutant NSCLC. Since MUCS5B was induced in
EGFR mutant lung tumors in Nkx2-1 heterozygous mice (EGFR**}; ka2-1+/'), Muc5b is
suppressed by NKX2-1 in EGFR mutant NSCLC in mice.[6] Regulatory mechanisms controlling
the MUCS5B gene are not understood in EGFR mutant NSCLC in human. The function of
MUCSB in cancer has been analyzed using a truncated MUCS5B in MCF7 breast cancer cells,
truncated MUCS5B promoting tumorigenesis of MCF7 cells.[13] However, the use of truncated
MUCS5B may obscure the intrinsic role of full-length MUCS5B since there is a possibility that the
truncated MUCS5B may function in a dominant-negative fashion. In lung, MUCS5B is required for
mucociliary clearance and innate immunity against bacterial infection.[28] The potential
functions of MUCSB in lung cancer, including EGFR mutant lung cancer, are not known. The

present study suggests that MUCSB or processes regulating MUCS5B may influence the growth
13
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and metastasis of EGFR mutant NSCLC. MUCS5B may serve as a surrogate biomarker
influenced by a pathway involved in metastasis and recurrence associated with EGFR mutant
NSCLC.

In conclusion, our data revealed the clinicopathological significance of MUCS5B as a favorable
prognostic factor in resected EGFR mutant NSCLC. Further studies are necessary to elucidate

the gene regulatory mechanism and the function of MUCS5B in EGFR mutant NSCLC.
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Figure 1. Immunohistochemical staining for MUCSB and MUCSAC expression in NSCLC
Representative images of immune-positive staining for MUCS5B in NSCLC (A) and negative

staining (B), and positive staining for MUCS5AC (C) and negative staining (D).

Figure 2. Survival curves for patients based on the expression of MUCSB in EGFR mutant
or wild type NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or EGFR wild type. OS (A) and RFS (B) in the patients with EGFR mutant type

NSCLC, and OS (C) and RFS (D) in the patients with EGFR wild type NSCLC.

Figure 3. Survival curves for patients based on the expression of MUCS5AC in EGFR
mutant or wild type NSCLC

Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR
mutations or EGFR wild type. OS (A) and RFS (B) in the patients with EGFR mutant type

NSCLC, and OS (C) and RFS (D) in the patients with EGFR wild type NSCLC.
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Table 1. Baseline Characteristic of the 159 Patients with NSCLC

Number of Patients

Median age (range, years) 67.5(32-90)
Gender

Male 103(65%)
Female 56(35%)

Smoking status

Non-smoker 54(34%)
Smoker 105(66%)
Histological type

Adenocarcinoma: Bronchoalveolar 33(21%)
Adenocarcinoma 91(57%)
Squamous cell carcinoma 32(20%)
Adenosquamous carcinoma 2(1%)
Other’ 1(1%)
Median tumor size (range, mm) 32.4(8-120)
Degree of differentiation

Well 55(35%)
Moderately 69(43%)
Poorly 28(18%)
MD 7(4%)
Stage

IA/IB 81(51%)
1IA/IIB 40(25%)
IIA/IIB 38(24%)
Tumor status

TI1-2 136(86%)
T3-4 23(14%)
Nodal status

NO 103(65%)
N1-3 56(35%)
Lymphatic invasion

Negative 56(35%)
Positive 102(64%)
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MD 1(1%)

Venous invasion

Negative 76(48%)
Positive 82(52%)
10 MD 1(1%)

©CoO~NOUITA,WNPE

Adjuvant chemotherapy
14 Yes 85(53%)
15 No 7T4(47%)

EGFR
19 Wild type 81(51%)
20 Mutant type 78(49%)

24 Definition of abbreviations: NSCLC = non-small cell lung cancer; MD = missing data.
26 * Data are median (range) or number (%) unless otherwise stated.

28 +Other mean NSCLC neuroendocrine.
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Table 2. Association with Clinicopathological Data and the Expression of MUCSB of
Patients with EGFR Mutant NSCLC

MUCS5B
Total Negative (-) Positive (+)
Parameters (n=78) (n=51) (n=27) P-value
Median age (range, years) 66.9(41-85) 66.7(42-83) 67.3(41-85) 0.674
Gender
Male 35(45%) 22(28%) 13(17%)
Female 43(55%) 29(37%) 14(18%) 0.6721
Smoking status
Non-smoker 42(54%) 28(36%) 14(18%)
Smoker 36(46%) 23(29%) 13(17%) 0.7971
Histological type
Adenocarcinoma: Bronchoalveolar 27(35%) 16(21%) 11(14%)
Adenocarcinoma 43(55%) 29(37%) 14(18%)
Squamous cell carcinoma 8(10%) 6(8%) 2(3%) 0.6522
Median tumor size (range, mm) 25.7(8-60) 26.1(8-60) 24.9(8-50) 0.8771
Degree of differentiation
Well 35(45%) 22(28%) 13(17%)
Moderately 28(36%) 19(24%) 9(12%)
Poorly 11(14%) 6(8%) 5(6%) 0.7348
MD 4(5%) 4(5%) 0(0%)
Stage
IA/IB 46(59%) 29(37%) 17(22%)
1IA/1IB 14(18%) 8(10%) 6(8%)
IIA/IIIB 18(23%) 14(18%) 4(5%) 0.4162
Tumor status
T1-2 68(87%) 42(54%) 26(33%)
T3-4 10(13%) 9(12%) 1(1%) 0.0797
Nodal status
NO 53(68%) 35(45%) 18(23%)
N1-3 25(32%) 16(21%) 9(12%) 0.8599
Lympbhatic invasion
Negative 35(45%) 26(33%) 9(12%)
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Positive 42(54%) 24(31%) 18(23%) 0.1165
MD 1(1%) 1(1%) 0(0%)

Venous invasion

Negative 45(58%) 30(38%) 15(19%)

10 Positive 32(41%) 20(26%) 12(15%) 0.7057
11 MD 1(1%) 1(1%) 0(0%)

©CoO~NOUITA,WNPE

14 Adjuvant chemotherapy
15 Yes 33(42%) 20(26%) 13(17%)
16 No 45(58%) 31(40%) 14(18%) 0.4475

20 Definition of abbreviations: NSCLC = non-small cell lung cancer; MD = missing data.

22 * Data are median (range) or number (%) unless otherwise stated.
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Table 3. Univariate Analysis for OS and RFS in EGFR Mutant NSCLC Patients .g
0s RFS g

Parameters N %Survival P-value %Survival P-value 5

Age 2
<70 39 75.5 63.6 =
=70 39 76.3 0.7311 41.5 0.1207 g
)

»

Gender S
Male 35 69 54.4 E
Female 43 81.5 0.3166 51.8 0.813 o]
=3

3

. o
Smoking status 3
Non-smoker 43 75.9 49.1 7
Smoker 36 733 0.9754 55.8 0.8508 E
)

8

MUCSB expression g
positive 27 95.8 69.9 g’
negative 51 65.1 0.0098 44 0.0187 i)
©

(]

c

Tumor size <
<20mm 25 95 85.7 S
=20mm 44 64.4 0.0058 31.2 0.0001 o
S

=

Histological type %
Adenocarcinoma 69 78.8 54 %
Squamous cell carcinoma 8 46.9 0.0245 50 0.6369 2
o

3

Degree of differentiation g
Well 35 90 72.6 2
=3

Moderately 28 62.3 345 3
o

Poorly 11 50.6 0.0172 38.1 0.0137 3
>

o

Stage .5
o)

I 45 87.8 62.8 g
/I 33 59.3 0.0095 38.8 0.0308 o
=]

>

S

Lymphatic invasion =
Negative 35 92.3 742 o
Positive 42 62.7 0.0075 35.8 0.0011 8
R

o

Venous invasion Z
Negative 45 89 66.5 §
Positive 32 55.7 0.0045 25.9 0.0021 %
S

®

Adjuvant chemotherapy %
Yes 33 62 375 =
No 45 82.8 0.2569 63.4 0.0183 i
3

=<

26 g
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Definition of abbreviations: NSCLC = non-small cell lung cancer; OS = overall survival; RFS = relapse-free
survival; adeno = adenocarcinoma; sq = squamous cell carcinoma.

*Data are p-values by Kaplan-Meier analysis.
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Table 4. Multivariate Analysis for OS and RFS in EGFR Mutant NSCLC Patients

~0S~

Independent Variables HR 95% CI P-value
MUCSB (positive vs negative) 0.053 0.0064 to 0.4402 0.0065
Differentiation (well vs moderately vs poorly) 0.3762 0.1357 to 1.0428 0.0602
Stage I vs Stage 1I/111 0.5199 0.1687 to 1.6019 0.2545
Lymphatic invasion (positive vs negative) 2.9524 0.6572 to 13.2631 0.1578
~RFS~

Independent Variables HR 95% CI P-value
MUCSB (positive vs negative) 0.2913 0.1233 to 0.6886 0.005
Stage I vs Stage 1I/111 0.5937 0.2735 to 1.2888 0.1874
Lympbhatic invasion (positive vs negative) 3.7624 1.5294 t0 9.2556 0.0039

Definition of abbreviations: NSCLC = non-small cell lung cancer; OS = overall survival, RFS = relapse-free

survival; adeno = adenocarcinoma; sq = squamous cell carcinoma; HR = hazard ratio.
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Figure 1

MUCS5AC
Al 2 : ﬁ?:

Positive

Negative

Figure 1. Immunohistochemical staining for MUC5B and MUC5AC expression in NSCLC
Representative images of immune-positive staining for MUC5B in NSCLC (A) and negative staining (B), and
positive staining for MUC5AC (C) and negative staining (D).
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Figure 2. Survival curves for patients based on the expression of MUC5B in EGFR mutant or wild type NSCLC
Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR mutations or EGFR
wild type. OS (A) and RFS (B) in the patients with EGFR mutant type NSCLC, and OS (C) and RFS (D) in the

patients with EGFR wild type NSCLC.
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26 Figure 3. Survival curves for patients based on the expression of MUC5AC in EGFR mutant or wild type
27 NSCLC

28 Overall and relapse-free survivals (OS and RFS) for patients with NSCLC carrying EGFR mutations or EGFR
29 wild type. OS (A) and RFS (B) in the patients with EGFR mutant type NSCLC, and OS (C) and RFS (D) in the
30 patients with EGFR wild type NSCLC.
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Supplementary Methods

Transgenic mice were generated as previously described.[6] Mice were maintained according to
protocols approved by the Institutional Animal Care and Use Committee at the Cincinnati
Children’s Hospital Medical Center. Mice were housed in a pathogen-free barrier facility in
humidity and temperature-controlled rooms on a 12:12 h light/dark cycle, allowed food and

water ad libitum.
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Figure S1.
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Time after DOX (days)

20 Number at risk
21 EGFRU858R/Nkx2-1+- 29 29 29 29 21 15 3 0 0
22 EGFRU858R/Nkx2-1+/* 33 33 33 32 20 14 4 1 1

28 Figure S1. Kaplan-Meier analysis of overall survival in EGFR-mutant NSCLC mice
30 EGFR***"/Nkx2-1"" mice whose lung tumors express MUC5B significantly survived longer
than EGFR"**®/Nkx2-1"* mice whose lung tumors lack MUC5B (p=0.0134). DOX

L858R
R

35 (doxycycline) administration induces mutant EGFR (EGF ) in lung epithelium.
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Table S1. Association with Clinicopathological Data and the Expression of
MUCSB of Patients with EGFR Wild Type NSCLC

MUCSB
Total Negative (-) Positive (+)
Parameters (n=81) (n=52) (n=29) P-value
Median age (range, years) 67.7(32-90) 67.1(32-90) 68.8(41-79) 0.2954
Gender
Male 68(84%) 45(56%) 23(28%)
Female 13(16%) 7(9%) 6(7%) 0.5934
Smoking status
Non-smoker 12(15%) 8(10%) 4(5%)
Smoker 69(85%) 44(54%) 25(31%) 0.8467
Histological type
Adenocarcinoma: Bronchoalveolar 8(10%) 5(6%) 3(4%)
Adenocarcinoma 49(60%) 24(30%) 25(31%)
Squamous cell carcinoma 24(30%) 23(28%) 1(1%) 0.0013
Median tumor size (range, mm) 37.8(10-120)  36.2(10-120) 40.7(14-80) 0.1661
Degree of differentiation
Well 20(25%) 13(16%) 7(9%)
Moderately 42(52%) 24(30%) 18(22%)
Poorly 17(21%) 14(17%) 3(4%) 0.186
MD 2(2%) 1(1%) 1(1%)
Stage
1A/IB 35(43%) 26(32%) 9(11%)
1TA/1IB 26(32%) 12(15%) 14(17%)
TITA/IIIB 20(25%) 14(17%) 6(7%) 0.0631
Tumor status
T1-2 68(84%) 42(52%) 26(32%)
T3-4 13(16%) 10(12%) 3(4%) 0.3599
Nodal status
NO 50(62%) 33(41%) 17(21%)
N1-3 31(38%) 19(23%) 12(15%) 0.6674
Lymphatic invasion
Negative 21(26%) 13(16%) 8(10%)
Positive 60(74%) 39(48%) 21(26%) 0.1165

Venous invasion
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Negative

Positive

31(38%)
50(62%)

Adjuvant chemotherapy

Yes
No

52(64%)
29(36%)

BMJ Open

19(23%) 12(15%)

33(41%) 17(21%) 0.6674
33(41%) 19(23%)

19(23%) 10(12%) 0.7057

Definition of abbreviations: NSCLC = non-small cell lung cancer; MD = missing data.

* Data are median (range) or number (%) unless otherwise stated.
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Table S2. Univariate Analysis for OS and RFS in EGFR Wild

Type NSCLC Patients

oS RFS
Age 0.6803 0.84
Gender (male vs female) 0.1194 0.4276
Smoking (no vs yes) 0.041 0.0744
MUCSB (positive vs negative) 0.9754  0.4624
Tumor size 0.9915  0.7123
Histological type (adeno vs sq)* 0.4381 0.2378
Differentiation (well vs moderately vs poorly) 0.0597  0.0722
Stage I vs Stage II/111 0.0346  0.2792
Lymphatic invasion (negative vs positive) 0.1568  0.0284
Venous invasion (negative vs positive) 0.0341  0.0338
Adjuvant chemotherapy (yes or no) 0.026  0.1639

Definition of abbreviations: NSCLC = non-small cell lung cancer; OS = overall survival; RFS = relapse-free

survival; adeno = adenocarcinoma; sq = squamous cell carcinoma.

*Data are p-values by Kaplan-Meier analysis.
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Table S3. Association of MUCS5B with Prognosis in Multiple Cancers

. Sample N . Result
Author Year | Species | Organ size (n) Objective Analysis Method (MUCSB Positive)
clinrir:alelslil;l(i?it:atr?:e of Slot-blot analysis and
1 YucrP 1996 | human lung 60 mucin gene 1mmur.10hlstoch'emlstry in Associated with relaps_e (p=0.0015)
overexpression in lung surgical specimens of and lower DFS (p=0.0037)
NSCLC
cancer
To elucidate the
Pinto-de- clinical significance of | Immunohistochemistry in
2 Sousa J'” 2004 | human | gastric 50 mucin gene surgical specimens of No significance (p=0.59)
overexpression in gastric carcinomas
gastric cancer
To evaluate the
prognostic value of Multimarker RT-PCR Unexpected favorable clinical
3 | Varangot M'" | 2005 | human breast 80 MUCSB mRNA assay in pre-operative P outcome
expression in bone bone marrow aspirates ’
marrow aspirates
In order to find novel h?:i:;zﬁﬁzi,ér;ttlelr A hierarchical sub-group that
4 | PartheenK'” | 2006 | human | ovarian 54 . . v . uster. included 60% of the survivors shows
candidate biomarkers analysis) and quantitative higher mRNA expression (p< 0.001)
RT-PCR assay & p p=o.
To understand better
13) the implication of Histological and Correlate with poor survival with
> Valque H 2012 1 mouse breast Ly MUCSB in cancer immunological analysis no significance (p= 0.08)
pathogenesis
To evaluate the
reliorMfiigy between Immunohistochemistry in
6 | NagashioR™ | 2015 | human lung 247 MUCSB expression in surgical specimens of Significantly associated with poorer

tumor cells and the
clinicopathological
parameters of ACs

NSCLC

survival (p=0.017)

Definition of abbreviations: NSCLC = non-small cell lung cancer; DFS = disease-free survival; RT-PCR = reverse

transcription-polymerase chain reaction; OS = overall survival; RFS = relapse-free survival; HR = hazard ratio; ACs

= adenocarcinomas.
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