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Objective: To assess the role of HE4 (Human epidydimal protein 4)
marker as predictor of response to platinum based chemotherapy.
Methods: In the current observational prospective study, 35 patients
affected by High Grade Serous Ovarian Cancer (HGSOC) were en-
rolled; among these, 17 patients were platinum sensitive, while 18
were platinum resistant. HE4 levels were measured before surgery,
at the III and at the VI cycle of chemotherapy. Results: The reduction
of 50% or more of HE4 levels at the III cycle of chemotherapy showed
a specificity of 100% and a sensitivity of 27%. The negativization
(<70 pmol/L) of HE4 at the III cycle of chemotherapy showed a speci-
ficity of 100%, with a sensitivity of 39%, in predicting chemotherapy
response, while the same parameter at the VI cycle showed a speci-
ficity of 82% and a sensitivity of 67%. Moreover the ROC analysis
identified the HE4 cut-off value of 62.79 pmol/L as the best cut-off in
predicting chemotherapy response, with a sensitivity of 72% and a
specificity of 88% at the III cycle. Discussion: Our results suggest that
HE4 levels during first-line chemotherapy, in particular at the III cy-
cle, could predict chemotherapy response in HGSOC patients.
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1. Introduction
Nowadays, ovarian cancer is the seventhmost frequent tu-

mor in women and remains the most lethal gynecologic ma-
lignancy, with five-year survival rates below 45% [1, 2]. His-
tologically, about 90% of ovarian tumors are epithelial ovar-
ian cancer.

Despite treatment improvements over the last three
decades [3–6], a large fraction of advanced-stage disease pa-
tients (40–60%) proves to be unresponsive to standard ther-
apy, due to platinum resistance. In order to identify in ad-
vance platinum resistant ovarian cancer (OC) patients as well
as improving and personalizing the treatment, new predic-
tive and interesting tools are currently studied.

As recommended by the National Comprehensive Cancer

Network (NCCN) guideline, follow up is composed of medi-
cal examination plus CA-125 (Cancer Antigen 125) and HE4
(Human epidydimal protein 4) dosage every 2 to 4months for
2 years, then 3 to 6 months for 3 years, then annually after 5
years.

CA-125 sensitivity to detect ovarian cancer recurrence
amounts to 83.9% [7], but it is negative in 50% of ovarian
cancer early stages and in 10% of advanced stages [8, 9].

Recently FDA has approved the use of HE4 serummarker
in clinical practice for diagnosis, monitoring and follow up of
ovarian cancer.

From recent studies, HE4 (cut-off 70 pmol/L) seems to
be an excellent and useful marker, and in combination with
CA-125 for ovarian cancers follow-up showing a 76.47% sen-
sitivity and a 100% specificity in detecting recurrence [10].

Furthermore, HE4 seems to identify successfully patients
with poorer prognosis and recurrence in CA-125 negative
ovarian cancer patients [11].

In addition, several studies showed a potential role of HE4
in predicting platinum therapy response both in vivo [12–18]
and in vitro clinical studies [19–23]. However, current stud-
ies in scientific literature used different parameters to predict
chemotherapy response, such as the HE4 reduction of 50% at
the III chemotherapy cycle, the negativization at the III cycle
or the negativization at the VI cycle of chemotherapy.

Therefore, the aim of the present study is to evaluate the
effectiveness of HE4 as predictor of response to first line plat-
inum based chemotherapy and to analyze HE4 performance
preoperatively, at III and at VI course of chemotherapy, in
order to identify the best parameter, in terms of sensitivity
and specificity, in predicting chemotherapy response.

2. Materials andmethods
From January 2017 to July 2019 were screened all patients

referred to the Division of Gynecologic Oncology of the Uni-
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versity Campus Bio-Medico of Rome, affected by suspected
epithelial ovarian cancer, and prospectively enrolled.

Inclusion criteria were: age between 18 and 70 years,
histopathological diagnosis of High Grade Serous Ovarian
Cancer (HGSOC), HE4 test positive at diagnosis, Eastern Co-
operative Oncology Group (ECOG) performance status 0–
2, according to World Health Organization (WHO) criteria,
Residual Tumor after surgical debulking<1 cm (RT<1 cm).

Exclusion criteria were: altered hepatic function
(transaminases >2.5× the upper normal level—ULN-,
bilirubin >1.5× UNL), altered renal function (creatinine
clearance <60 mL/min and/or serum creatinine >2.0
mg/100 mL), altered hematological function (absolute neu-
trophil count <1.5 × 109/L or platelets <100 × 109/L or
hemoglobin<9 g/dL), severe or uncontrolled diseases, other
systemic and not compensated diseases or mental illnesses
at the diagnosis, no previous surgical, chemotherapeutic or
radiotherapeutic treatments for other cancers, pregnancy.

All patients underwent cytoreductive surgery and started
six courses of chemotherapy, according to standard Protocols
(Carboplatin and Taxol) within 30 days from surgery [24–
27].

Other histologic type of ovarian cancers were eventually
excluded.

A written informed consensus was obtained. The study
was approved by the Institutional Review Board (IRB) of
Campus Biomedico (ref. 0512).

Carboplatin doseswere calculated according to theCalvert
formula, with target AUC (Area Under the Curve) 6 [28].
Taxol dose was 175 mg/mq.

We considered HE4 <70 pmol/L as a normal value. HE4
was dosed routinely at the diagnosis, before surgical debulk-
ing and during every chemotherapy course. HE4 was mea-
sured using ELISA test, in particular the kit HE4 EIA, pro-
duced by Fujirebio Diagnostic Inc. (Malvem, PA, USA). It is
a direct, not competitive, immunoblot assay, in solid phase,
based on the “sandwich” technique: it consists in the use of
two murine monoclonal antibodies (2H5 and 3D8) directed
against two HE4 epitopes in C-WFDC (whey acidic protein
four-disulfide core domain protein 2) domain [29, 30].

As suggested by Gynecologic Cancer Intergroup (GCIG),
the response was evaluated using RECIST 1.1 criteria [31].
For each patient we evaluated the HE4 value before surgery
and at each chemotherapy course, particularly at the III and
VI cycle, in correlation with the disease recurrence.

Considering the period between the end of the six courses
of chemotherapy and the disease recurrence, patients were
classified in:

(I) Platinum resistant: disease progression during
chemotherapy treatment or within 6 months after the end of
chemotherapy

(II) Platinum sensitive: recurrence after 6 months or
more, or without recurrence [32, 33].

Recurrence was diagnosed by clinical examination, CA-
125 serum levels and chest-abdomen-pelvis computed to-

Table 1. Patients’ characteristics.
Patients’ characteristics

Median Age, n (range) 61 (31–80)
Median BMI, n (range) 24 (20–31)

Performance status (ECOG 0–5), n (%)
0 29 (82.85%)
1 6 (17.14%)

FIGO stage, n (%)
IIB 2 (5.71%)
IIIA 1 (2.85%)
IIIB 4 (11.42%)
IIIC 28 (80%)

Residual tumor n (%)
0 15 (42.85%)
<1 20 (57.14%)

Hystological subtype n (%)
High Grade Serous Ovarian Cancer 35 (100%)

FIGO, The International Federation of Gynecology and Obstetrics.

mography (CT) scan (or whole body positon emission
tomography-CT, PET-CT), performed according to follow
up or in case of CA-125 high serum levels [34].

All data were recorded and analyzed using aMicrosoft Ex-
cel spreadsheet.

The receiver operating characteristic curve (ROC) has
been performed using HE4 levels before surgery, at the III
and at the VI cycle of chemotherapy, which are the most used
values in literature, in order to find a cut-off value at eachmo-
ment.

Sensitivity, specificity, area under the curve (AUC), likeli-
hood ratio+, likelihood ratio– and post-test probability have
been assessed. The HE4 variations over the time for each
patient have been shown using Excel software. Statistical
analysis has been performed using MedCalc Statistical Soft-
ware version 19.1.3 (MedCalc Software bv, Ostend, Belgium;
https://www.medcalc.org; 2019). The p value < 0.05 has
been considered statistically significant.

3. Results
During the chosen timeframe, 60 patients affected by HG-

SOC were selected for the present study: 10 patients under-
went a non-optimal cytoreductive surgery (RT >1), 9 pa-
tients had previous or concomitant tumors, 4 patients re-
ceived a palliative treatment and 2 patients developed hep-
atopathies during the treatment. Therefore, 35 patients ful-
filled our inclusion criteria and were enrolled in the study.

Patients’ median age was 61 years (range 31–80). More
characteristics are reported in Table 1.

The average preoperative HE4 value was 608,5 (75.8–
2631) pmol/L. The average values of HE4 at the III and
VI chemotherapy cycle were respectively 68.9 (12.4–160.3)
pmol/L and 85.6 (16.3–488.9) pmol/L.

After six courses of chemotherapy (CT), patients were fol-
lowed for at least 12 months, and were divided in platinum
resistant or platinum sensitive.
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Table 2. Reporting the results of the statistical analysis performed using as cut-off the values most used in scientific literature.
Area under the curve Cut-off value Sensitivity Specificity p value Likelihood ratio+ Likelihood ratio− Post-test probability

Pre-surg. 0.575 >212.60 67% 65% p > 0.05 1.91 0.51 67%
During 3° cycle 0.824 >62.79 72% 88% p < 0.001 6.00 0.32 87%
During 6° cycle 0.709 >56.21 75% 69% p < 0.05 2.42 0.36 72%

Table 3. Area under the curve, cut-off value, sensitivity, specificity, p value, likelihood ratio+, likelihood ratio- and post-test
probability resulting fromROC analysis of level of HE4measured before surgery, during the 3rd and the 6th cycle of

chemotherapy to predict chemotherapy response.
Sensitivity Specificity Likelihood ratio+ Likelihood ratio− Post-test odd Post-test probability

HE4<50% at III cycle 27 99.90 270.00 0.73 180.00 0.99
HE4<70 pmol/L at III cycle 39 99.90 390.00 0.61 260.00 1.00
HE4<70 pmol/L at VI cycle 67 82.00 3.72 0.40 2.48 0.71

In particular, 17 patients of 35 (48.6%) were platinum sen-
sitive (recurrence after 6 months), while 18 patients (51.4%)
were platinum resistant (recurrence within 6 months).

HE4 levels were assessed preoperatively and at each cycle
of chemotherapy.

In the following results we analyzed the significance (A)
of HE4 reduction of 50% at the III cycle of chemotherapy, (B)
of HE4 negativization at the III and (C) at the VI cycle, and
the preoperative HE4 value, since they are all criteria studied
before in literature, as markers of chemotherapy response.

(A) The reduction of less or more than 50% of HE4 during
the 3rd cycle of chemotherapy has been evaluated as potential
index of platinum response, and it has shown a sensitivity of
27%, a specificity of 100%, a likelihood ratio of 270 and a post-
test probability of 100%.

(B) The negativization of HE4 at III cycle of chemother-
apy, using the consensus cut-off value of 70 pmol/L has been
evaluated, and it has shown a sensitivity of 39%, a specificity
of 100%, a likelihood ratio of 390 and a post-test probability
of 100% in predicting chemotherapy response.

(C) Then, the negativization of HE4 at VI cycle of
chemotherapy, using the consensus cut-off value of 70
pmol/L has been evaluated, and it has shown a sensitivity of
67%, a specificity of 82%, a likelihood ratio of 3.7 and a post-
test probability of 82% in predicting chemotherapy response
(Table 2).

The ROC analysis has shown that the presurgical level of
HE4was not a good prognosticmarker to predict chemother-
apy response (p > 0.05), while the level of HE4 measured at
the 3rd and the 6th cycle of chemotherapy has given statisti-
cally significant results (Fig. 1).

In addition, the ROC analys identified the HE4 cut-
off value of 62.79 pmol/L as the best cut-off in predicting
chemotherapy response, with a sensitivity of 72% and a speci-
ficity of 88% at the III cycle, while at the VI cycle the assessed
value of 56.21 pmol/L has 75% of sensitivity and 69% of speci-
ficity, being both statistically significant.

Sensitivity, specificity, area under the curve (AUC), like-
lihood ratio+, likelihood ratio– and post-test probability has
been reported (Table 3).

4. Discussion and conclusions
In the personalized medicine era, in which therapy is tai-

lored to genotipical and phenotipical patients’ peculiarities,
the first line therapy of epithelial ovarian cancer is still based
on standard protocols, composed of platinum and carbotaxol
chemotherapy.

Approximately 40–60% of patients submitted to first-line
therapy become resistant to platinum and will experience a
fail of response to the treatment, or a condition of disease
progression while chemotherapy or an early relapse within 6
months from the end of chemotherapy.

Platinum-sensitive ovarian cancer shows a median sur-
vival of 2 years, ranging from 3 months to over 10 years.
Conversely, platinum-resistant ovarian cancer, expresses a
median survival of 9–12months and less than 15% of patients
respond to subsequent chemotherapy [35, 36].

Thus it is crucial to underline and correctly classify pa-
tients as platinum sensitive and platinum resistant, in order
to differentiate the therapeutic approach.

HE4 seems to have a role in detecting and predicting ovar-
ian cancer recurrence, alone or in association with CA-125
[37, 38].

Many authors analyzed the role of HE4 as prognostic fac-
tor, assessed at the time of diagnosis, after surgery, through-
out terapies and follow up, and used together with FIGO
stage, residual tumor and other mostly used prognostic fac-
tors.

In this perspective, as we showed in a recent review [39],
seven clinical studies [12–18] showed the efficacy of HE4 as
marker in predicting chemosensitivity, but the results are still
controversial, since too many different criteria were used.

Furthermore, five in vitro studies [19–23] showed how
HE4 overexpression could be related to platinum resistance,
because HE4 overexpressing clones inhibit platinum induced
apoptosis.

To date, among the seven clinical studies, four authors
measured the preoperative value of HE4 and demonstrated
how an high preoperative HE4 value was a strong predic-
tor of chemoresistance, with a high sensitivity (median value
91.5%) [15–18].
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Fig. 1. ROC analysis of level of HE4measured before surgery, during the 1st, the 3rd and the 6th cycle of chemotherapy to predict ovarian cancer
relapse. (A) ROC analysis of level of HE4 measured before surgery to predict ovarian cancer relapse. (B) ROC analysis of level of HE4 measured at the third
cycle of chemotherapy to predict ovarian cancer relapse. (C) ROC analysis of level of HE4 measured at the VI cycle of chemotherapy to predict ovarian cancer
relapse.

In order to compare our results with those currently in
literature, in the present study HE4was registered also before
surgery, and its value proved to be significant as predictor
of chemotherapy response. Anyway, the results from ROC
analysis showed the higher sensitivity and specificity of HE4
value at III and VI cycle of chemotherapy, compared with the
preoperative value. Besides we believe that the preoperative
HE4 value is an unreliable indicator, since it’s strongly related
to tumour load.

Two authors focused on HE4 blood levels measured at the
third course of chemotherapy, with the purpose of assessing
the role of HE4 asmarker of chemotherapy response [13, 14].
In particular, Steffensen et al. [14] analyzed the dynamics of
serum HE4 levels, showing that HE4 value at the set cut-off
at the upper third percentile has a Positive Predictive Value
(PPV) of 57.4% alone, and a PPV of 64.3% in combination
with CA-125 in detecting chemotherapy response.

Our group demonstrated in a previous study that HE4
level reduction of almost 47% at the III cycle of chemotherapy
was significantly related to platinum response (83% sensitiv-
ity, 87% specificity) [38].

In the present study, we considered both HE4 negativiza-
tion and HE4 reduction of 50% at the III cycle of chemother-
apy, reaching a specificity of 100% either way in predicting
response to platinum, whichmay help us to identify platinum
resistant and high risk recurrence patients, and to customize
diagnostic and therapeutic strategies, building a personalized
cancer follow-up care pathway.

Patients with high HE4 levels at the III should be included
in a high-risk set of patients, which could be eventually se-
lected and directed to a closer follow-up.

One study, conducted by Hamed et al. [12], underlined the
role of HE4, assessed at the end of 6 courses of chemotherapy
treatment, and his negativization showed a higher sensitiv-
ity and a higher specificity than CA-125 in detecting patients’
sensitivity to platinum chemotherapy.

In the current study, even HE4 negativization at the VI
cycle could be used as criterion of response to chemotherapy,
but it showed a lower specificity (82% vs 100%) than the same
parameter registered at the III cycle.

Therefore, we can assess that in our study all three criteria
previously analyzed, that are HE4 reduction of 50% at the III
cycle of chemotherapy, HE4 negativization at the III and at
the VI cycle of chemotherapy, seemed to have a role as po-
tential markers of response to platinum chemotherapy.

Moreover we performed a ROC analysis with the aims to
choose themost accurate parameter in predicting chemother-
apy response and to find the best cut-off for HE4 value with
the highest sensitivity and specificity, which could allow us
to select the group of patients with high risk of chemoresis-
tance and recurrence. The ROC analysis suggests us that the
best indicator of chemotherapy response is the value of HE4
measured at the III cycle and at that moment the HE4 cut-off
value of 86.69 pmol/L reaches a specificity of 100%. In other
terms, all the patients at the III cycle of chemotherapywith an
HE4 value higher than 86.69 pmol/L will be chemoresistant.

The other reason for choosing the value of HE4 at the
third cycle of chemotherapy, instead of the value at the VI
cycle, as the best predictor of response to platinum based
chemotherapy, apart from the higher specificity, is related to
the hypothetic possibility, in the future, of eventually switch-
ing to second line drugs in advance, avoiding unnecessary
toxicity of platinum, that often results in neutropenia and
nephrotoxicity.

More clinical trials are requested to find new therapeutic
strategies reserved to platinum resistant ovarian cancer pa-
tients, which could be enrolled and experience new regimens
composed of traditional chemotherapic agents, immunother-
apic drugs, anti-angiogenetics, PARP-inhibitors (poly adeno-
sine diphosphate-ribose polymerase) and other biomolecular
therapies.
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About that, such as the monoclonal anti-body Oregov-
omab has shown to bind the glycoprotein CA-125, similarly
new molecules should be investigated to be able to target the
HE4 [40].

These conclusions lead us to last, but certainly not least,
consideration, about healthcare costs of ovarian cancer. In
2015 Lazzaro et al. [41] performed a retrospective study
about the costs of ovarian cancer in a single center in Italy,
reporting the sum of €44999 for one year of first line treat-
ment. The use of HE4 in predicting in advance platinum re-
sponse at the III course of chemotherapy and the resultant
individuation of selected chemoresistant patients, could have
special implications, such as the development of new thera-
peutic strategies and target therapies, avoiding long mainte-
nance therapies, with subsequent healthcare costs reduction.

In conclusion, the role of HE4 as marker of response to
platinum based chemotherapy is really promising and the ap-
plications related are very interesting. Recently our group
published a pilot study about the association between BRCA
(Breast CAncer genes) status and HE4 serum levels, which
could improve the predictive power of therapy response [42].

Themainweakness of the present study is certainly repre-
sented by the small sample size, also due to the careful selec-
tion done. Thereforemulticentric studieswith larger samples
are required to better evaluate the effectiveness of HE4.

Author contributions
PF Conceived and designed the analysis; BM Collected

the data; TC, GF, MR, DCNC, MM Contributed data or
analysis tools; CM and BD performed the analysis; DDV,
BPP, AR, BM Wrote the paper. CM, BD, DDV, BPP and
AR contributed to the design and implementation of the re-
search, to the analysis of the results and to the writing of
the manuscript. All authors contributed to editorial changes
in the manuscript. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
All procedures performed in studies involving humanpar-

ticipants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed consent was ob-
tained from all individual participants included in the study.
The study was approved by the Institutional Review Board
(IRB) of Campus Biomedico (ref. 0512).

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest. FP is ourGuest

Board, given his role as the guest board, had no involvement
in the peer-review of this article and has no access to infor-
mation regarding its peer-review.

References
[1] Webb PM, Jordan SJ. Epidemiology of epithelial ovarian cancer.

Best Practice & Research Clinical Obstetrics & Gynaecology. 2017;
41: 3–14.

[2] LisioM, Fu L, Goyeneche A, Gao Z, Telleria C. High-grade serous
ovarian cancer: basic sciences, clinical and therapeutic stand-
points. International Journal ofMolecular Sciences. 2019; 20: 952.

[3] Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C, Simon-
senE, et al. Randomized intergroup trial of cisplatin-paclitaxel ver-
sus cisplatin-cyclophosphamide in women with advanced epithe-
lial ovarian cancer: three-year results. Journal of theNational Can-
cer Institute. 2000; 92: 699–708.

[4] Orr B, Edwards RP. Diagnosis and Treatment of Ovarian Cancer.
Hematology Oncology Clinics of North America. 2018; 32: 943–
964.

[5] Eisenhauer EA. Real-world evidence in the treatment of ovarian
cancer. Annals of Oncology. 2017; 28: viii61–viii65.

[6] Cortez AJ, Tudrej P, Kujawa KA, Lisowska KM. Advances in
ovarian cancer therapy. CancerChemotherapy andPharmacology.
2018; 81: 17–38.

[7] Rustin GJS, Nelstrop AE, TuxenMK, Lambert HE. Defining pro-
gression of ovarian carcinoma during follow-up according to CA
125: a North Thames Ovary Group study. Annals of Oncology.
1996; 7: 361–364.

[8] Nustad K, Bast RC Jr, Brien TJ, NilssonO, Seguin P, SureshMR, et
al. Specificity and affinity of 26 monoclonal antibodies against the
CA 125 antigen: first report from the ISOBMTD-1workshop. In-
ternational Society forOncodevelopmental Biology andMedicine.
Tumor Biology. 1996; 17: 196–219.

[9] Urban N. Specific keynote: ovarian cancer risk assessment and
the potential for early detection. Gynecologic Oncology. 2003; 88:
S75–S79.

[10] Scaletta G, Plotti F, Luvero D, Capriglione S,Montera R,Miranda
A, et al. The role of novel biomarker he4 in the diagnosis, progno-
sis and follow-up of ovarian cancer: a systematic review. Expert
Review of Anticancer Therapy. 2017; 17: 827–839.

[11] Plotti F, Guzzo F, Schirò T, Terranova C, De Cicco Nardone C,
Montera R, et al. Role of human epididymis protein 4 (he4) in
detecting recurrence in CA125 negative ovarian cancer patients.
International Journal of Gynecological Cancer. 2019; ijgc-2019-
000211.

[12] HamedEO,AhmedH, SedeekOB,MohammedAM,Abd-AllaAA,
Abdel Ghaffar HM. Significance of HE4 estimation in comparison
withCA125 in diagnosis of ovarian cancer and assessment of treat-
ment response. Diagnostic Pathology. 2013; 8: 11.

[13] Angioli R, Plotti F, Capriglione S, Aloisi A, Montera R, Luvero
D, et al. Can the preoperative he4 level predict optimal cytoreduc-
tion in patients with advanced ovarian carcinoma? Gynecologic
Oncology. 2013; 128: 579–583.

[14] Steffensen KD, Waldstrøm M, Brandslund I, Petzold M, Jakob-
sen A. The prognostic and predictive value of combined HE4 and
CA-125 in ovarian cancer patients. International Journal of Gyne-
cological Cancer. 2012; 22: 1474–1482.

[15] AarenstrupKarlsenM,Høgdall C, Nedergaard L, Philipsen Prahm
K, Schou Karlsen NM,Weng Ekmann-Gade A, et al. He4 as a pre-
dictor of adjuvant chemotherapy resistance and survival in pa-
tients with epithelial ovarian cancer. Acta Pathologica, Microbi-
ologica, et Immunologica Scandinavica. 2016; 124: 1038–1045.

[16] Pelissier A, Roulot A, Guéry B, Bonneau C, Bellet D, Rouzier
R. Serum CA125 and he4 levels as predictors for optimal inter-
val surgery and platinum sensitivity after neoadjuvant platinum-

848 Volume 42, Number 5, 2021



based chemotherapy in patients with advanced epithelial ovarian
cancer. Journal of Ovarian Research. 2016; 9: 61.

[17] Chudecka-Głaz A, Cymbaluk-Płoska A,WężowskaM,Menkiszak
J. Could he4 level measurements during first-line chemotherapy
predict response to treatment among ovarian cancer patients?
PLoS ONE. 2018; 13: e0194270.

[18] Chudecka-Głaz AM, Cymbaluk-Płoska AA, Menkiszak JL,
Sompolska-Rzechuła AM, Tołoczko-Grabarek AI, Rzepka-
Górska IA. Serum he4, CA125, YKL-40, bcl-2, cathepsin-L and
prediction optimal debulking surgery, response to chemotherapy
in ovarian cancer. Journal of Ovarian Research. 2014; 7: 62.

[19] Moore RG, Hill EK, Horan T, Yano N, Kim K, MacLaughlan S, et
al. HE4 (WFDC2) gene overexpression promotes ovarian tumor
growth. Scientific Reports. 2014; 4: 3574.

[20] Wang H, Zhu L, Gao J, Hu Z, Lin B. Promotive role of recom-
binant he4 protein in proliferation and carboplatin resistance in
ovarian cancer cells. Oncology Reports. 2015; 33: 403–412.

[21] Zhu L, Gao J, Hu Z, Schwab CL, Zhuang H, TanM, et al. Membra-
nous expressions of Lewis y and CAM-DR-relatedmarkers are in-
dependent factors of chemotherapy resistance and poor prognosis
in epithelial ovarian cancer. American Journal of Cancer Research.
2015; 5: 830–843.

[22] Ribeiro JR, Schorl C, Yano N, Romano N, Kim KK, Singh RK, et
al. HE4 promotes collateral resistance to cisplatin and paclitaxel in
ovarian cancer cells. Journal of Ovarian Research. 2016; 9: 28.

[23] Lee S, Choi S, LeeY, ChungD,Hong S, ParkN.Role of human epi-
didymis protein 4 in chemoresistance and prognosis of epithelial
ovarian cancer. Journal of Obstetrics and Gynaecology Research.
2017; 43: 220–227.

[24] Piccart MJ, Bertelsen K, James K, Cassidy J, Mangioni C, Simon-
senE, et al. Randomized intergroup trial of cisplatin-paclitaxel ver-
sus cisplatin-cyclophosphamide in women with advanced epithe-
lial ovarian cancer: three-year results. Journal of theNational Can-
cer Institute. 2000; 92: 699–708.

[25] Neijt JP, Engelholm SA, Tuxen MK, Sorensen PG, Hansen M,
Sessa C, et al. Exploratory phase III study of paclitaxel and cisplatin
versus paclitaxel and carboplatin in advanced ovarian cancer. Jour-
nal of Clinical Oncology. 2000; 18: 3084–3092.

[26] Ozols RF, Bundy BN, Greer BE, Fowler JM, Clarke-Pearson D,
Burger RA, et al. Phase III trial of carboplatin and paclitaxel com-
pared with cisplatin and paclitaxel in patients with optimally re-
sected stage III ovarian cancer: a Gynecologic Oncology Group
study. Journal of Clinical Oncology. 2003; 21: 3194–3200.

[27] McGuire WP, Hoskins WJ, Brady MF, Kucera PR, Partridge EE,
Look KY, et al. Cyclophosphamide and cisplatin compared with
paclitaxel and cisplatin in patients with stage III and stage IV ovar-
ian cancer. New England Journal of Medicine. 1996; 334: 1–6.

[28] Uziely B, Formenti SC, Watkins K, Mazumder A, Muggia FM.
Calvert’s formula and high-dose carboplatin. Journal of Clinical
Oncology. 1994; 12: 1740–1741.

[29] van Dalen A, Favier J, Burges A, Hasholzner U, de Bruijn HW,
Dobler-Girdziunaite D, et al. Prognostic significance of CA 125

and TPS levels after 3 chemotherapy courses in ovarian cancer pa-
tients. Gynecologic Oncology. 2000; 79: 444–450.

[30] Moore RG, Brown AK, Miller MC, Skates S, AllardWJ, Verch T,
et al. The use ofmultiple novel tumor biomarkers for the detection
of ovarian carcinoma in patients with a pelvic mass. Gynecologic
Oncology. 2008; 108: 402–408.

[31] Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, et al. New response evaluation criteria in solid tumours:
revised RECIST guideline (version 1.1). European Journal of Can-
cer. 2009; 45: 228–247.

[32] Pujade-Lauraine E, Banerjee S, Pignata S. Management of
platinum-resistant, relapsed epithelial ovarian cancer and new
drug perspectives. Journal of Clinical Oncology. 2019; 37: 2437–
2448.

[33] Friedlander M, Trimble E, Tinker A, Alberts D, Avall-Lundqvist
E, Brady M, et al. Clinical trials in recurrent ovarian cancer. Inter-
national Journal of Gynecological Cancer. 2011; 21: 771–775.

[34] ColomboN, Sessa C, Bois AD, Ledermann J,McCluggageW,Mc-
Neish I, et al. ESMO-ESGO consensus conference recommenda-
tions on ovarian cancer: pathology and molecular biology, early
and advanced stages, borderline tumours and recurrent disease.
International Journal of Gynecologic Cancer. 2019; 29: 728–760.

[35] Siegel RL,Miller KD, Jemal A. Cancer statistics, 2018. CA: A Can-
cer Journal for Clinicians. 2018; 68: 7–30.

[36] Davis A, Tinker AV, Friedlander M. “Platinum resistant” ovarian
cancer: what is it, who to treat and how to measure benefit? Gy-
necologic Oncology. 2014; 133: 624–631.

[37] Plotti F, Capriglione S, Terranova C, Montera R, Aloisi A, Dami-
ani P, et al. Does HE4 have a role as biomarker in the recurrence
of ovarian cancer? Tumour Biology. 2013; 33: 2117–2123.

[38] Angioli R, Plotti F, Capriglione S, Aloisi A, Montera R, Luvero D,
et al. Can the preoperative HE4 level predict optimal cytoreduc-
tion in patients with advanced ovarian carcinoma? Gynecologic
Oncology. 2013; 128: 579–583.

[39] Plotti F, Bartolone M, Terranova C, Luveroe D, Scaletta G, Gatti
A, et al. Role of human epididymis protein 4 (HE4) as predictor
of response to platinum based chemotherapy: a systematic review
of literature. European Journal of Gynaecological Oncology. 2020;
889–896.

[40] BrewerM, Angioli R, Scambia G, Lorusso D, Terranova C, Panici
PB, et al. Front-line chemo-immunotherapy with carboplatin-
paclitaxel using oregovomab indirect immunization in advanced
ovarian cancer: a randomized phase II study. Gynecologic Oncol-
ogy. 2020; 156: 523–529.

[41] Lazzaro C, Plotti F, Capriglione S, Ferrario M, Angioli R. Cost of
illness of advanced ovarian carcinoma in Italy: results of an empir-
ical, single-centre study, 2015. Farmeconomia Health Economics
and Therapeutic Pathways. 2015; 16: 61–76.

[42] Plotti F, Terranova C, Guzzo F, De Cicco Nardone C, Luvero D,
Bartolone M, et al. Role of BRCA mutation and HE4 in predict-
ing chemotherapy response in ovarian cancer: a retrospective pi-
lot study. Biomedicines. 2021; 9: 55.

Volume 42, Number 5, 2021 849


	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion and conclusions
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	References

