ULusLararast HEmaroron-Onkoron Deraist ARTICLE International Journal of Hematology and Oncology

Serum Human Epididymis Protein 4 (HE4) As
A Diagnostic And Follow-Up Biomarker in Patients
With Non-Small Cell Lung Cancer

Ulas KUMBASAR!, Zeliha G. DIKMEN?, Yigit YILMAZ3, Burcu ANCIN?,
Erkan DIKMEN?, Riza DOGAN!

! Hacettepe University School of Medicine, Cardiovascular and Thoracic Surgery Department
2 Hacettepe University School of Medicine, Department of Medical Biochemistry
3 Hacettepe University School of Medicine, Department of Thoracic Surgery, Ankara, TURKEY

ABSTRACT

Early detection of non-small cell lung cancer (NSCLC) cases is crucial since nearly one third of them are unresectable during diagnosis
and also the recurrence rates are high following treatment. Thus, in this study we aimed to evaluate both the diagnostic performance
and the post-resection progress of serum Human epididymis protein 4 (HE4) in patients with NSCLC. Thirty-one patients who had be-
nign lung disease (group 1) were matched to the same number of patients with resectable NSCLC (group 2). Serum HE4 levels were
measured at the time of diagnosis and following surgery - at post-operative 1st month (only in group 2). The serum HE4 in NSCLC
group was significantly higher than that of the benign group (89.70 (58.10-397.00) pmol/L and 42.60 (28.10-198.90) pmol/L, respec-
tively; p< 0.001). HE4 levels in NSCLC group were significantly decreased from 89.70 (58.10-397.00) to 71.50 (41.70-232.30) pmol/L
following pulmonary resection (p< 0.001). In advanced stages (Il and V) the decrease in serum HE4 levels (25.30 (10.50-164.70) was
significantly higher than the decrease in early stages (I-Il, 14.60 (-14.20-133.60); p= 0.025). ROC analysis showed the area under the
curve (AUC) of HE4 was 0.921 (95% Cl, 0.843-0.998), (p< 0.001) and both the sensitivity and specificity of HE4 as a biomarker was
87.1%. Our data demonstrated that HE4 is a potential biomarker for the diagnosis of NSCLC with high sensitivity and specificity and
could also be used to detect recurrences following resection.
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OZET
Kiiciik Hiicreli Disi Akciger Kanserinin Tani ve Takip Asamasinda HE4 Proteininin Etkinliginin Degerlendirilmesi

Kucuk htcreli disi akciger kanserinde (KHDAK) hastalarin yaklasik Ugte biri tani aninda anrezektabl oldugundan erken tani oldukga
énemlidir. Ayrica tedavi sonrasinda rekiirrens orani oldukca yiiksektir. Bu galismanin amaci, KHDAK’da insan Epididimis Proteini 4’(in
(HE4) preoperatif tanisal performansinin ve cerrahi rezeksiyon uygulanan hastalarda postoperatif etkinliginin belilenmesidir. Hastalar,
benign akciger hastaligi olanlar (grup I, n= 31) ve KHDAK nedeniyle cerrahi rezeksiyon uygulananlar hastalar (grup 2, n= 31) olmak
Uzere iki ana gruba ayirildi. Cerrahi uygulanan grupta preoperatif ve postoperatif 1. aydaki serum HE4 degerleri kaydedildi. KHDAK
grubunda preoperatif ddnemde 6lculen ortanca HE4 degerleri, benign grupta dlgllen degerlerden istatistiksel olarak anlamli él¢tde
yUksek bulundu (89.70 (58.10-397.00) pmol/L ve 42.60 (28.10-198.90) pmol/L, sirasi ile; p< 0.001). Cerrahi uygulanan hastalarin pre-
operatif ve postoperatif degerleri karsilastinldiginda HE4 seviyelerinin postoperatif dénemde istatistiksel olarak anlamli sekilde distugu
gdzlendi (89.70 (58.10-397.00) ile 71.50 (41.70-232.30) pmol/L; p< 0.001). lleri evrelerdeki (evre llI-1V) diistisiin erken evrelere (evre I-1I)
gdre anlamli derecede daha fazla oldugu gortldu (25.30 (10.50-164.70) ile 14.60 (-14.20-133.60); p= 0.025). HE4’Un tanisal etkinligi
ROC analizi ile degerlendirildiginde egri altinda kalan alan 0.921 (95% Cl, 0.843-0.998) olarak hesaplandi (p< 0.001). HE4 biyobelirte-
cinin hem duyarliigr hem de 6zgulligt %87.1 bulundu. Bu galismadaki bulgular HE4’tin, yiksek duyarlilik, 6zgullik ve tanisal etkinligi
nedeni ile tanisal olarak ve postoperatif takip ve olasi nukslerin saptanmasindaki potansiyel etkinligi dustintlerek, KHDAK’da 6énemli bir
biyobelirte¢ olmaya aday oldugunu gostermektedir.

Anahtar Kelimeler: HE4, KUcUk hucreli digi akciger kanseri, Biyobelirteg
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INTRODUCTION

Lung cancer is still the leading cause of cancer
related mortality worldwide. About 80% to 85%
of lung cancers are non-small cell lung cancer
(NSCLQ)!, and nearly one third of NSCLC cases
are unresectable during diagnosis.>* Thus, early
detection of these cases should be an essential goal
in routine clinical practice. In addition, due to the
relatively low sensitivity and specificity of current-
ly available tumor markers for lung cancer such as
carcinoembryonic antigen (CEA), serum cytokera-
tin 19 fragment (CYFRA 21-1) and neuron spe-
cific enolase (NSE), detection of potential recur-
rent disease is limited.>® With the recent advances
in molecular biology, researchers have focused on
identification of novel diagnostic and prognostic
bio-markers of NSCLC.

Human epididymis protein 4 (HE4) is produced
from whey-acidic-protein 4-disulfide core domain
2 (WFDC2) gene, which is located on chromosome
20, in a segment frequently amplified in various
cancers.”® Although HE4 is frequently revealed to
be a diagnostic and prognostic biomarker of ovari-
an malignancies, high levels of HE4 have also been
detected in other cancer types such as lung, breast
and pancreas cancers. Indeed, WFDC2 is strongly
expressed in a wide range of normal human tissues,
including trachea, salivary glands, lung, prostate,
pituitary gland, thyroid and kidney.®*!° In this
study, we aimed to evaluate both the diagnostic
performance and the post-resection progress of se-
rum HE4 in patients with NSCLC.

PATIENTS AND METHODS
Patients

This study was approved by the ethical committee
of Hacettepe University Medical Faculty. Serum
samples were collected from 62 patients between
April 2013 and September 2016. Patients were
equally separated into two groups. Thirty-one pa-
tients who had benign lung disease (group 1) were
matched to the patients with resectable NSCLC
(group 2). The diagnoses and characteristics of
both groups are shown in Table 1 and 2, respective-
ly. Blood samples were collected from all patients
at the time of diagnosis and following surgery - at
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Table 1. Patient Diagnoses.
Diagnoses n
Group 1 (Benign lung disease)
Bronchogenic cyst 5
Pleural effusion 4
Pneumonia 3
Pulmonary hamartoma 4
Tuberculosis granuloma S
Bronchiectasis 2
Pseudotumor 1
Parapneumonic empyema 1
Neurofibroma 1
Intrathoracic neuroblastoma 1
Mesothelioma 1
Chest wall sarcoma 1
Mediastinal lymphoma 1
Secondary pulmonary neoplasm S
Group 2 (NSCLC)
Adenocarcinoma 16
Squamous cell carcinoma 15
Table 2. Patient characteristics.
Characteristics Group 1 Group 2 p
(n=31) (n=31)
Age (years) 49.1 +16.1 53.4+84 0.737
Gender 0.605
Male 17 20
Female 14 11
Smoking history 0.611
Current or former 14 17
Never 17 14
TNM stage
| 11
Il 10
1l 9
\% 1

post-operative 1st month (only in group 2). Patho-
logic staging was characterized according to the
seventh edition of the American Joint Committee
on Cancer TNM staging system.

HE4 Measurement

Blood samples were collected in serum separator
tubes and were centrifuged at 1500 g for 10 min-
utes (Rotanta 460). Serum samples were stored at
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Figure 1. Pre-operative HE4 levels in both groups.

-80°C. HE4 levels were measured by chemilumi-
nescent microparticle immunoassay (CMIA) using
the Architect 12000 (Abbott Diagnostics, Abbott
Park, IL, USA). The cut-off limit for serum HE4
was considered 70 pmol/L.

Statistical Analysis

Numerical variables were evaluated for normality
of data distribution by using Kolmogorov Smirnov
test. Descriptive statistics were expressed as mean
+ standard deviation or median (min-max). Inde-
pendent samples t-test was performed to compare
the means of two groups for continuous variables.
For non-normally distributed data, Mann-Whitney
U test was used to compare two groups. Wilcoxon
test was used for comparing between pre and post-
operative HE4 levels. Chi-square test was used to
examine the association between categorical vari-
ables.

The diagnostic performance of quantitative test
(HE4 levels) was assessed by receiver operating
characteristics (ROC) analysis. The ROC curve
was plotted based on the true positive rate (TPR)
and false positive rate (FPR). The area under the
ROC curve (AUC) was calculated by using a non-
parametric method. After ROC analysis, the opti-
mal cut off point was determined using the Youden
index. Sensitivity and specificity for HE4 levels
were calculated according to optimal cut off point.
A p value of 0.05 was accepted as statistically sig-
nificant. All statistically analyses were performed
by using IBM SPSS Statistics 21.0 software.
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Figure 2. Comparison of pre- and post-operative HE4 levels
in NSCLC group.

RESULTS

HE4 levels in patients with resected NSCLC
and with benign lung disease

The serum concentration of HE4 in NSCLC group
was significantly higher than that of the benign
group (Figure 1). Median serum HE4 level was
89.70 (58.10-397.00) pmol/L in the NSCLC group
and 42.60 (28.10-198.90) pmol/L in the benign
group (p< 0.001).

HEA4 expression in NSCLC group following pul-
monary resection

The median serum HE4 levels in NSCLC group
were significantly decreased from 89.70 (58.10-
397.00) to 71.50 (41.70-232.30) pmol/L following
pulmonary resection (p< 0.001, Figure 2). The re-
duction of HE4 levels following resection was also
analyzed according to the TNM stage and histo-
pathologic type of the tumor. In advanced stages
(IIT and I'V) the decrease in serum HE4 levels (25.30
(10.50-164.70) was significantly higher than the re-
duction in early stages (I-1I, 14.60 (-14.20-133.60);
p= 0.025, Figure 3). The histopathologic type of
the tumors was observed to be not associated with
HE4 reduction. Preoperative HE4 levels were al-
most equal in adeno and squamous cell carcinomas
(99.90 (59.00-176.40) and 99.10 (69.70-165.70),
respectively; p= 0.572). HE4 reduction was 20.29
(-3.80-59.0 and 23.16 (-14.20-80.0) in adeno and
squamous cancers, respectively (p=0.595).
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Figure 3. Comparison of HE4 levels according to the stage
of the disease

The diagnostic value of serum HE4 levels

ROC analysis was performed in order to evaluate
the diagnostic accuracy of HE4 levels in NSCLC
patients. As shown in Figure 4, the area under the
curve (AUC) of HE4 was 0.921 (95% CI, 0.843-
0.998), (p< 0.001). Both the sensitivity and speci-
ficity of HE4 as a biomarker was calculated as
87.1%.

DISCUSSION

Although the prognosis of NSCLC has improved
over the last decades, limited therapeutic progress
has been achieved with multimodal treatment strat-
egies in advanced stages. The cancer specific sur-
vival even in early stages is 60% to 80% with an
expected 5 years recurrence rate of 30% to 55%.'"
13 Therefore, the ability to diagnose patients in ear-
ly stages and to identify recurrences are important
considerations to offer the best treatment options.
Circulating biomarkers are promising means of
both diagnosis and prognosis by screening poten-
tial NSCLC patients and detecting recurrences.

In this study, we investigated both the diagnostic
role of serum HE4 in patients with NSCLC and the
short-term progress of this biomarker after pulmo-
nary resection. We found significantly higher se-
rum levels of HE4 in patients with NSCLC com-
pared to patients with benign lung diseases. ROC
analysis, constructed using the sensitivity-spec-
ificity relationship, also revealed the potential of
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Figure 4. Diagnostic accuracy of HE4 levels

HE4 to distinguish NSCLC from benign diseases
with a sensitivity of 87.1%. We further evaluated
the trend of serum HE4 levels in NSCLC patients
after pulmonary resection and observe a significant

decrease at post-operative 1st month especially in
stages III and IV.

HE4 is one of the most widely investigated of the
novel biomarkers, which was first studied in pa-
tients with ovarian cancer. Since HE4 is expressed
in epithelial cells of the epididymis, respiratory
epithelium of proximal airways, and the normal
female reproductive tract, many researchers previ-
ously indicate its use as a biomarker for NSCLC."*
417 Firstly, Yamashita et al. studied HE4 expression
in lung cancer and found mainly increased levels in
adenocarcinoma subtype with worse prognosis and
overall survival." Consequently, Iwahori et al. and
Liu et al. investigated the diagnostic role of serum
HE4 levels in NSCLC patients and in both studies,
they differentiate lung cancer patients from healthy
controls with high sensitivity (89.8%) and speci-
ficity (100%).'>!3 Recently, Cheng et al. published
a meta-analysis presenting the diagnostic accu-
racy of HE4 in lung cancer and indicated that the
sensitivity and specificity of HE4 were 0.72 and
0.85, respectively, which are higher than the con-
ventional biomarkers such as CEA, CYFRA21-1
and NSE. Additionally, they found that the AUC
was 0.855 for HE4.*?° Our results regarding the
diagnostic accuracy of HE4 (both sensitivity and
specificity: 87.1% and AUC: 0.921) are much bet-
ter than the results of this meta analysis, which
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indicates that HE4 is a promising biomarker for
NSCLC diagnosis.

The prognostic role of HE4 in NSCLC has also
been analyzed in various researches and higher lev-
els were correlated with worse outcomes.>5!31621
Lan et al. examined the role of HE4 in the diagno-
sis and prognosis of patients with locally advanced
NSCLC who received concurrent chemoradiother-
apy (CRT). Their data showed that higher serum
HE4 levels are associated with poor response to
CRT, shorter relapse-free and overall survival.?!
Recently, Huang et al. evaluated the diagnostic and
prognostic performance of HE4 in patients with
NSCLC. They investigated both the short and the
long-term prognostic efficacy of HE4 and indicate
HE4 as a potential biomarker for diagnosis and
follow-up of NSCLC patients.*

In our study, the serum HE4 concentration signifi-
cantly decreased following pulmonary resection
regardless of the histopathologic type (p< 0.001),
which was was more noticeable in advanced stages
(p=0.025). Thus, we believe HE4 levels could also
be used to monitor NSCLC recurrences and treat-
ment response during follow-up.

This present study had limitations that should be
addressed. First, the study was conducted at a sin-
gle center in Turkey, which may limit generaliza-
bility of the results to larger populations. Secondly,
the sample size was relatively small. Thirdly, the
follow-up period was only 1 month and thus, the
role of HE4 in the prognosis of resected NSCLC
patients were not analyzed.

In conclusion, our study demonstrated that HE4 is
a potential biomarker for the diagnosis of NSCLC
with high sensitivity and specificity and besides
could be used to detect recurrences following re-
section. However, our data deserve further verifi-
cation with multi-center and larger scale prospec-
tive trials.
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