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In spite of the effective implementation of screening programs, uterine cervical carcinoma (UCC) remains one of the major causes of cancer death among women around the world. The aim of this study was to investigate the prognostic value of serum human epididymis protein 4 (HE4) in UCC. Pre-treatment serum samples from 109 UCC patients and 99 healthy women were analyzed for HE4 levels by a quantitative chemiluminescent microparticle immunoassay on the automated ARCHITECT instrument. HE4 serum (sHE4) levels were significantly higher in UCC patients, regardless of tumor stage, compared with healthy controls. Elevated sHE4 levels were significantly associated with advanced FIGO stage and absence of disease-free interval after treatment. In univariable analysis, higher sHE4 levels were significantly correlated with shorter overall survival and progression-free survival. In multivariable analysis, sHE4 retained its significance as independent adverse prognostic factor for both survival endpoints. This study indicates that sHE4 is associated with a more aggressive tumor phenotype and a worse patient's prognosis. These results suggest the potential role of sHE4 as a novel prognostic marker and as an indicator of high-risk UCC patients for a tailored surgical and adjuvant therapy.
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INTRODUCTION

Uterine cervical carcinoma (UCC) is one of the most common gynecological malignant neoplasms worldwide, with about 80% of cases occurring in developing countries. The estimated global number of new UCC patients reaches up to 466,000 and ~270,000 women are expected to die from the disease annually (1, 2). Although treatment efficacy of conventional treatment strategies including radical surgery, radiotherapy, and chemotherapy, and, more recently, targeted therapy has significantly improved, the clinical outcome of UCC patients still remains dismal, with a median overall survival for advanced cases of 16.8 months (3). Almost 20% of early-stage UCC patients will experience relapse, while the recurrence rate of patients with advanced-stage raises up to 70% (4). Moreover, UCC patients sharing similar clinical and pathological characteristics can show a variable relapsing interval as well as variable survival rates, suggesting that current clinical tools are not sufficiently adequate to reliably predict patient outcome. The correct classification of UCC patients in different prognostic classes is essential in order to decide the timely, appropriate, and effective therapy and to control either disease recurrence or to improve quality of life.

Serum biomarkers, holding the potential of cost-effectiveness, non-invasivity, and reproducibility, are often used in clinical practice for early tumor detection, response to treatment monitoring and prognosis prediction (5). Several biomarkers with potential prognostic role have been identified in UCC (6, 7), but none of them has been introduced in clinical practice so far. Among recently reported serum biomarkers in gynecological cancer, one of the most promising is the Human Epididymis Protein 4 (HE4 or WFDC2), a member of the whey acidic protein (WAP) four-disulfide core gene cluster bearing a conserved motif found in several protease inhibitors (8). HE4 was first described by Kirchhoff et al. (9) in human epididymal tissue and was subsequently found expressed in many other normal tissues, particularly of the reproductive tracts and of the central respiratory airways, as well as in gynecological malignancies, where HE4 has probably shown the most promising clinical results for early diagnosis and prognosis (10–15). Conversely, data regarding its role in UCC are lacking.

Herein, we have investigated pre-treatment sHE4 levels in a cohort of 109 UCC patients and 99 healthy women and we have correlated them with patients' clinicopathological features and survival endpoints to determine its prognostic value.



MATERIALS AND METHODS


Patients' Characteristics and Sample Collection

The 109 serum samples included in this investigation were collected from sequential UCC patients treated at the Division of Obstetrics and Gynecology, ASST Spedali Civili of Brescia, Italy from 2003 to 2013. Control sera were collected from 99 women consecutively enrolled from 2003 to 2010, referred to the same Institution for routine gynecological exams or for uterine prolapse surgery. These healthy controls were characterized by the absence of benign or malignant gynecologic disorders, assessed by medical history, gynecological examination, pelvic transvaginal ultrasound, and PAP-smear test. All subjects with a past or concomitant history of malignancy, and patients with renal failure or with creatinine >1.5 mg/dl were excluded from the study, due to the high levels of non-UCC-related sHE4 in these patients (16). The present investigation was performed in accordance with the ethical standards of the European Union and with the 1964 Helsinki declaration and its later amendments, and approved by the Research Review Board—the Ethic Committee—of the ASST Spedali Civili, Brescia, Italy (study reference number: NP1545). Written informed consent was obtained from each patient prior to blood withdrawal. Fasting blood samples were collected from patients before primary treatment (surgery or chemo-radiation therapy), hereinafter called “pre-treatment.” Sera were separated within 1 h by centrifugation at 1,500 g for 10 min, and then stored at −80°C until analysis. UCC patients' charts were reviewed to obtain all clinical and pathological features at diagnosis and during follow-up. UCC patients were staged in accordance with International Federation of Gynecologists and Obstetricians (FIGO) guidelines issued in 2009. Clinicopathologic characteristics of UCC patients are summarized in Table 1. UCC patients and controls were well-balanced with respect to age (median 48, range 23–87 for UCC patients; median 54, range 21–66 for controls; t-test p = 0.996). The study included patients with histologically confirmed UCC of different histological type and FIGO stage I–IV. Fifty-eight out of 109 patients (53%) underwent upfront surgery and 32 of them received an adjuvant treatment: radiotherapy (18/32), platinum-based chemotherapy (5/32), or both (9/32). Forty-one out of 109 patients (38%) received platinum-based neoadjuvant chemotherapy, followed by surgery for 23 of them or radiotherapy for 18 of them. Seven out of 109 (6%) were treated exclusively with chemotherapy and three out of 109 patients (3%) received only radiotherapy.


Table 1. Clinicopathological characteristics of UCC patients and association with pre-treatment sHE4 levels.
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HE4 Serum Levels Measurement

HE4 levels of pre-treatment sera were measured using chemiluminescent magnetic microparticle immunoassay (CMIA) on the fully automated Architect instrument (Abbott Diagnostics Division, Wiesbaden, Germany). The dynamic range of HE4 detection spans from 20 to 1,500 pM, with an automated 1:10 dilution protocol that extends the linear range up to 15,000 pM. The intra-assay and total imprecision (CV %) of the CMIA HE4 assay ranged from 2.11 to 2.93% and from 3.13 to 3.70%, depending on the concentrations of the assays' positive controls. HE4 level measurement was carried out at the Clinical Chemistry Laboratory, ASST Spedali Civili of Brescia, following the manufacturer's recommendations.



Statistical Analysis

The association between sHE4 levels and clinicopathological parameters, as well as differences between UCC patients and controls, were evaluated using robust linear models (17). Area under the receiver operating characteristic (ROC) curve was used to quantify sHE4 ability to discriminate between the UCC and healthy controls. Due to the highly positively skewed distribution, sHE4 was transformed on log2 scale. For survival analyses, Progression-Free Survival (PFS), and Overall Survival (OS) were considered as endpoints. PFS was defined as the time interval between the date of diagnosis and the date of identification of disease recurrence, in patients who completely responded to treatment, or of a progressive disease (disease not treatable with curative intent) in those patients who never achieved complete remission. Notably, we could identify an earlier progression event for all subjects who died of disease. OS was defined as the time interval between the date of diagnosis and the date of death or the last follow-up. For both endpoints, the last date of follow-up was used for censored subjects. Median follow-up time was computed using Kaplan–Maier method applied to the censored times reversing the roles of event status and censored. Survival analyses were performed using the Cox proportional hazard models. The assumption of proportionality of hazards was checked (18). Variable selection in the multivariable model was performed both using backward selection and LASSO (19). Briefly, we fitted models accounting for HE4 (log2 scale), stage, age, treatment, and kept only those variables with a non-null parameter estimates. Penalization parameter (lambda) tuning was performed using cross-validation. The existence of a non-linear relationship between OS or PFS and sHE4 was evaluated fitting sHE4 with restricted cubic splines (20) and different models compared using both the Akaike information criterion (AIC) and likelihood ratio tests (LRT). Due to the substantial number of missing values, clinically relevant variables such as lymph nodes status, stromal infiltration, parametrial invasion, and tumor volume were not considered in the main survival analysis. Nevertheless, to evaluate their effects on sHE4 effect estimates, we first imputed missing data using “MICE” algorithm (21) (m = 9, number of multiple imputations). Variable selection and model fitting were performed on every imputed dataset as described above, and covariate with a non-zero coefficient in more than 50% of the imputed dataset were kept in the final model. Global estimates are then computed pooling estimates from every imputed dataset. The relationship between continuous sHE4 values and survival was described using the Kaplan–Meier method. In this regard, we estimated a cut-off using maximally selected statistic (22) and the estimated survival curves were labeled as low and high levels of the marker. All statistical tests were two sided and assumed a 5% significant level. Statistical analyses were performed using R (version 4.0.0, R Development Core Team, 2010) and SPSS Statistics (Version 23.0).




RESULTS


sHE4 Levels in Tumors vs. Negative Controls

sHE4 concentration was significantly higher in UCC patients, regardless of tumor stage, compared with negative controls (Stage = 1 vs. Controls, FC = 1.23, CI95% = 1.09–1.38, p < 0.001; Stage > 1 vs. Controls, FC = 1.49, CI95% = 1.31–1.70, and p < 0.001; Figure 1). Supplementary Table 1 shows all the sHE4 values obtained in the 208 samples analyzed.


[image: Figure 1]
FIGURE 1. Boxplots of sHE4 levels in normal controls and UCC patients, according to FIGO stage.


The overall ability of sHE4 to discriminate between healthy subjects and UCC patients was evaluated by a ROC analysis, that reached an area under the curve (AUC) value of 0.754 (CI95% = 0.689–0.819, p < 0.001) (Supplementary Figure 1). Using a cut-off of 42.9 pmol/L (corresponding to the Youden Index), the sensitivity, specificity, and positive and negative predictive values of sHE4 in discriminating UCC patients from normal controls were 63.3, 79.8, 77.5, and 66.4%, respectively.



sHE4 Levels and Correlation With Clinicopathological Variables

Table 1 shows pre-treatment sHE4 levels in UCC patients according to clinicopathological characteristics. Lymph-vascular space invasion, stromal infiltration, parametrial and vaginal invasion, and lymph node status were evaluated only in the 58 UCC patients undergoing upfront surgery. High sHE4 concentration was significantly associated with advanced FIGO stage (p < 0.001) and persistence of disease after primary treatment (patients with persistence of disease vs. patients with a disease-free interval, p < 0.001). sHE4 levels were marginally associated with age (p = 0.089), tumor size (p = 0.090), and vaginal invasion (p = 0.071), while no significant association was found with histological type, stromal infiltration, lymph-vascular space invasion, parametrial invasion, tumor grade, and lymph node involvement.



sHE4 Levels and Clinical Outcome

For survival analysis, patients were followed from the date of diagnosis until death or until the day of the last observation (median follow-up time: 122 months, CI95% = 103–134, and range 3–162 months). At the last check, 67 patients were alive without disease, four patients were alive with disease, 37 patients died of the disease, and one patient died of another cause. In univariable analysis, higher sHE4 levels were significantly associated with poorer OS (p < 0.001) and shorter PFS (p < 0.001; Table 2), as well as other clinicopathological parameters such as higher age, advanced FIGO stage, larger tumor size, parametrial invasion, lymph node metastasis, and type of primary treatment (chemo-radiation compared to surgery) (Table 2). Notably, PFS and sHE4 (on log2 scale) showed a significant non-linear relationship (LRT, p = 0.011) that was modeled using a restricted cubic spline. For graphical representation, we described the relationship between continuous sHE4 values and survival using Kaplan–Meier estimator. Both for OS and PFS, the optimal cut off was 84 pmol/L corresponding to the 82.5% percentile of the sHE4 distribution (Figure 2).


Table 2. Univariable and multivariable Cox models for OS and PFS according to clinical parameters and sHE4 levels of UCC patients.
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FIGURE 2. Univariable survival curves using HE4 as predictor. (A,C) Show HR as a function of HE4 levels for OS and PFS, respectively. (B,D) Show Kaplan–Meier curves, respectively, for OS and PFS, derived from sHE4 levels categorization based on cut-point estimation via generally maximally selected statistic. For illustration purposes, we label the estimates as low and high levels of HE4.


In multivariable analysis, a full model including the variables available for all patients (age, tumor diameter, FIGO stage, first-line treatment, and log2HE4) was set as a starting point. Using backward selection and LASSO, the variables that affect less on the model were progressively removed. A restricted model, accounting for HE4, FIGO stage, and age (for PFS only), remained in the final model as independent prognostic factors (Table 2). In order to evaluate the effect of excluding variables with many missing values on HE4 estimates (clinical tumor size, lymph-vascular space invasion, stromal infiltration, parametrial invasion, and lymph node status) in multivariable models, we performed multiple data imputation (N = 9 datasets) using MICE algorithm. On every imputed dataset we fitted an L1 penalized Cox model. We selected those variables that had a non-zero coefficient in at least five out of nine models. We then fit Cox models on an individual imputed dataset using the selected covariates: the final models for both OS and PFS included stage, age, clinical tumor size, lymph-vascular space invasion, stromal infiltration, parametrial invasion, and lymph node status. Pooled estimates for HE4 were substantially in line with those obtained in the single model (OS, HR = 2.09, CI95% = 1.37–3.20, p < 0.001; PFS, HR = 2.28, CI95% = 1.40–3.73, and p = 0.001).




DISCUSSION

In the present investigation, we demonstrated for the first time that high sHE4 levels are correlated with aggressive tumor characteristics and worse prognosis in UCC patients. Clinical evidence has confirmed the role of sHE4 as a biomarker with diagnostic and prognostic value in gynecological malignancies, mostly in ovarian and endometrial carcinoma (10–15). In particular, high sHE4 levels have been correlated with poor clinical outcome, as an independent prognostic factor. Herein, we investigated its role in UCC. Firstly, our study demonstrated that pre-treatment sHE4 levels were significantly elevated in UCC patients compared to healthy controls (63% sensitivity, 80% specificity), but the diagnostic performance of sHE4 does not exceed that of commonly used screening tests, such as HPV test or cervical smear cytology (23). Most importantly, we reported for the first time that higher sHE4 levels are correlated with aggressive tumor characteristics (advanced stage and persistence of disease after primary treatment; marginally, with high tumor grade and larger tumor size), and represented a prognostic marker for shorter OS and PFS in UCC patients, either in univariable or in multivariable survival analysis. Thus, we confirmed the independent prognostic impact of sHE4 levels in UCC, as already reported in ovarian and endometrial carcinoma by several groups, including ours (10, 11, 13, 14).

In previous investigations, clinico-pathological tumor characteristics such as histological grade, FIGO stage, and lymph node status have been reported as significant prognosticators for UCC outcome (4). Similarly, in our multivariable analysis, the FIGO stage confirmed its role as a prognostic factor, although clinical staging is known to be not as accurate as surgical staging (4). Pre-treatment tumor markers detected in serum may offer a simple and economic opportunity for preoperative prediction of the clinical course of the disease. The results of our study show that sHE4 levels can be an aid for clinical outcome prediction in UCC patients.

This finding can be considered an additional step toward the development of more useful tools with prognostic purposes and disease risk assessment in the pre-treatment period for UCC patients when important clinical decisions on surgical extension or therapy need to be taken.

Patient treatment heterogeneity is the main limitation of the present study. For the application in clinical practice, the prognostic significance of sHE4 will need to be confirmed on larger UCC cohorts homogeneous for the interventions received. This will allow to evaluate the predictive value of sHE4 in detecting the response to chemo or radiotherapies or the correlation with pathological characteristics after surgery.

To the best of our knowledge, only one previous study by Montagnana et al. (24) evaluated sHE4 levels in a small group of 14 UCC patients, as well as in women with benign and malignant pelvic masses. Serum HE4 levels were significantly higher in UCC patients than in healthy controls, but lower compared to ovarian cancer patients (24), in agreement with the current results and with our previous papers (12, 13). Diniz et al. (25) recently evaluated by immunohistochemistry HE4 tissue expression in UCC, demonstrating that intraepithelial carcinomas and normal cervical epithelia had low or negative HE4 expression, while invasive UCC presented increased HE4 positivity, regardless of histological subtypes, consistent with the results obtained at the serum level in the present study. Accordingly, analysis of HE4 protein levels in both serum and tissue suggests that HE4 is more expressed in aggressive UCC phenotypes.

Although the role of HE4 as a biomarker has been well-studied in clinical settings, its molecular and biological function has been investigated only in a few studies concerning ovarian and endometrial cancers (26–29).

HE4 overexpression was demonstrated to promote cancer cell proliferation, migration, invasion, and metastasis in vitro and to enhance tumor growth, metastasis rate, and platinum-chemoresistance in vivo, both in ovarian and endometrial cancer cell lines (26–29). The association of HE4 overexpression with epithelial ovarian cancer progression has been related to its effects on the EGFR-MAPK signaling pathway and ECM-receptor interaction pathway (26–28). Further investigations are still needed to clarify the molecular mechanisms involving HE4 in carcinogenesis and tumor progression, in particular concerning cervical cancer, for which functional studies do not currently exist.

In conclusion, the present investigation provides evidence that sHE4 could be a preoperative tumor biomarker of poor prognosis for UCC patients, and may be useful in treatment option choice. Serum HE4 could represent an additional tool for identifying UCC patients with a more aggressive form of the disease, although our findings should be further validated in prospective large-scale studies.
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262-12.7

p-value

<0.001

0.200

0.145

<0.001

<0.001

0.508

0.500%

0.024

0.207

0.012

<0.001
<0.001

<0.001
<0.001

HR

1.05

0.66

172

5.49

4.98

051

076

3.59

27

365

461
298

331
373
164

PFS

CI95%

1.02-1.08

0.33-1.31

0.87-3.40

2.88-10.47

2.20-11.29

0.16-1.68

0.10-6.12

1.05-123

0.86-8.54

1.16-11.52

2.36-9.03
1.99-4.45*

2.10-5.21*
1.80-7.75
1.00-2.67

p-value

<0.001

0.236

0.117

<0.001

<0.001

0.270

0.800

0.042

0.090

0.027

<0.001
<0.001

<0.001
0.001
0.048

*Due to the non-linear relationship between log, HE4 and PFS, the reported Hazard Ratio (HR) is for a 2 fold increase in the linear portion of the curve, namely HE4 from 64 to 128 pmol/L.
Bold numbers indicate a statistically significant difference with a p < 0.05.

$og-rank test p-value.
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Variables No. of patients (%) ~ Geometric mean (SD) Median (IQR) FC p-value
(Close)
Al patients 109 (100%) 56.3 (2.02) 467 (28.8) -
Age (years) 0,089
<48 47 (43%) 455 (1.62) 44.8 (20.8) 1
»48 62 (57%) 662 (2.22) 51.3(46.6) 1.16 (0.98; 1.37)
Histological type
Squamous carcinoma 73 (67%) 55.7(1.95) 47.731.4) 1 0,609
Adenocarcinoma 24 (22%) 64.4 2.51) 45.4(33.4) 0.92 (0.73;1.16)
Adenosquamous carcinoma 12 (11%) 45.8 (1.25) 45.4(16.6) 0.91 (0.67; 1.23)
Grading WHO
] 10/(9%) 406 (1.25) 39.9(10.5) 1 0271
G2 34 (31%) 51.2 (1.60) 44.6 (24.5) 1.17 (0.85; 1.61)
a3 55 (51%) 56.9 (2.13) 480 (30.3) 1.24 (091; 1.68)
Unknown 10 (9%) 101.0 (2.85) 96.6 (117.0) -
FIGO stage
1 67 (61%) 452 (1.54) 44.0(213) 1 <0.001
[ 26 (24%) 502 (1.51) 47.4(18.2) 1.06 (0.87; 1.28)
i 6(6%) 128.0 (1.99) 135.0 (49.9) 3.04 (2.13; 4.35)
v 10/(9%) 199.0 (3.00) 181.0 (362.0) 2.37 (1.78; 3.14)
Clinical tumor size
<4om 49 (45%) 43.4 (1.51) 41.1(228) 1 0,090
>dem 35 (32%) 63.6 (1.88) 48,0 (59.8) 1.18 (0.98; 1.41)
Unknown 25 (23%) 79.1 2.76) 527 (55.3) -
Lymph-vascular space invasion
Absent 17 (16%) 422 (1.70) 435 (22.0) 1 0338
Present 37 (34%) 43.9(1.38) 41.1(16.6) 0.91(0.76; 1.10)
Unknown 55 (50%) 72.7 (2.30) 557 (70.8) -
Stromal Infiltration
<3mm 5(5%) 48.7(1.28) 512(153) 1 0.425
=3mm 48 (44%) 419 (151) 39.0(17.6) 0.86 (0.59; 1.25)
Unknown 56(51%) 73.4 2.27) 56.2(66.2) -
Parametrial invasion
Absent 47 (43%) 42,0 (1.51) 39.2(21.5) 1 0261
Present 9 (8%) 483 (1.24) 47.7 (8.0) 1.13(0.91;1.42)
Unknown 53 (49%) 748 2.31) 56.7 (76) -
Vaginal invasion
Absent 43 (39%) 21.3(1.52) 39.2(13.3) 1 0071
Present 14 (13%) 48.7 (1.28) 49.8(17.9) 1.18 (0.99; 1.41)
Unknown 52 (48%) 756 (2.32) 567 (76.5) -
Lymph nodes status
Negative 39 (36%) 436 (1.53) 40.3(23.0) 1 0957
Positive 18 (16%) 43.9 (1.35) 45.2 (14.1) 1.00 (0.84; 1.20)
Unknown 52 (48%) 74.42.34) 56.2(77.4) -
Treatment
Surgery 26 (24%) 40.4 (1.58) 38.4(24.6) 1 <0.001
Surgery + RT 18 (16%) 45.7 (1.39) 44.0 (18.9) 1.05 (0.75; 1.47)
Surgery + CT 5(5%) 409 (1.18) 37.8(12.7) 0.97 (057; 1.64)
Surgery + CT + RT 9(8%) 49.6 (1.44) 52.0(26.0) 1.22 (0.80; 1.86)
NACT + Surgery 23 (21%) 52.4(1.49) 47.7(14.2) 1.17 (085; 1.59)
CcT 7 (6%) 194.3 (2.89) 135.4 (443.5) 3.40 (2.14; 5.39)
NACT + RT 18 (16%) 86.2 (2.59) 83.4(1105) 1.82 (1.31; 2.54)
RT 3(3%) 63.9(1.88) 84.0 (68.8) 1.72 (0.89; 3.34)
Persistence of disease
No 83 (76%) 46.9(1.55) 44.4(22.0) 1 <0.001
Yes 25 (23%) 1010 (281) 89.7 (96.4) 1.48 (1.22; 1.80)
Unknown 1(1%) 1120 11200

Resuts are reported as estimated Fold Change (FC) from robust linear models with asymptotic Clesg;.

Robust F-test p-value; Bold numbers indicate a statistically significant difference with a p < 0.05.
CT, chemotherapy; RT, radiotherapy; NACT, neoadjuvant-CT.
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