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Abstract 

Background: Ovarian cancer (OC) is considered the most lethal gynecological cancer, of which more than 65% cases 
are diagnosed in advanced stages, requiring platinum‑based neoadjuvant chemotherapy (NACT).

Methods: A prospective‑longitudinal study was conducted among women with advanced epithelial ovarian cancer 
(AEOC), III and IV stages, and treated with NACT, at the National Cancer Institute – Mexico, from July 2017 to July 2018. 
Serum samples were obtained for quantification of CA125 and HE4 using ELISA at the first and in each of the three 
NACT cycles. The therapeutic response was evaluated through standard tomography. We determined whether CA125 
and HE4, alone or in combination, were associated with TR to NACT during follow up.

Results: 53 patients aged 38 to 79 years were included, 92.4% presented papillary serous subtype OC. Higher serum 
HE4 levels were observed in patients with non‑tomographic response (6.89 vs 5.19 pmol/mL; p = 0.031), specially 
during the second (p = 0.039) and third cycle of NACT (p = 0.031). Multivariate‑adjusted models showed an associa‑
tion between HE4 levels and TR, from the second treatment cycle (p = 0.042) to the third cycle (p = 0.033). Changes 
from baseline HE4 levels during the first cycle was negative associated with TR. No associations were found between 
CA125 and TR.

Conclusions: Serum HE4 levels were independently associated with TR among patients with AOEC treated with 
NACT, also a reduction between baseline HE4 and first chemotherapy levels was also independently associated with 
the TR. These findings might be relevant for predicting a lack of response to treatment.
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Introduction
Ovarian cancer (OC) is the second most common 
gynecological neoplasm, behind endometrial cancer, and 
is the most lethal gynecological cancer, being the eighth 
leading cause of cancer death in women [1]. Almost 80% 
of cases are diagnosed as advanced stage disease. Current 
treatment for advanced epithelial ovarian cancer (AOEC) 
involves primary debulking surgery followed by a adju-
vant chemotherapy regimen based on the combination of 
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platinum and taxane, or the initial administration of neo-
adjuvant chemotherapy (NACT) followed by surgery [2]. 
The absence of residual disease in primary surgery is one 
of the most relevant prognostic factors for overall sur-
vival [3, 4]. NACT and primary debulking surgery have 
the same efficacy when used at their maximal possibili-
ties, but the toxicity profile is different. NACT is a treat-
ment regimen that can be considered in selected patients 
[5–7], it does not negatively affect survival compared to 
primary debulking surgery plus postoperative chemo-
therapy and has even shown a significant reduction in 
perioperative complications and mortality [8, 9].

Tumor biomarkers are clinical or biological charac-
teristics that are qualitatively or quantitatively modi-
fied because of a malignant neoplastic condition, being 
detectable in tissue or fluids [10] as prognosis tools, 
predictive markers for clinical efficacy, and therapeu-
tic response assessment [11, 12]. The tumor biomarker 
carbohydrate antigen 125 (CA125) is a high molecular 
weight glycoprotein (> 200 kD), expressed as a mem-
brane-bund protein at the surface of the coelomic epi-
thelium during embryonic development, and of cells that 
undergo metaplastic differentiation into a Müllerian-type 
epithelium [13]. Elevated serum CA125 levels can be 
detected under physiological circumstances (e.g., preg-
nancy), in benign gynecological and non-gynecological 
diseases, also in several malignant entities (e.g., ovarian, 
endometrial, breast, and colon cancers) [13, 14]. With a 
cut-off serum level of 35 U/mL, CA125 shows elevated 
values in 75% to 90% of patients with advanced ovarian 
cancer. It has a recognized role in the OC diagnosis, fol-
low-up, treatment response assessment, and recurrence 
detection [15–17]. The CA125 has a sensitivity of 71% to 
78% and a specificity of 75% to 94% for ovarian cancer 
diagnosis.

Some studies have analyzed the predictive value of 
CA125, based on the level reached at the end of NACT, 
in patients with ovarian epithelial cancer, yielding differ-
ent cutoff points [18–21]. A reduction in CA125 to less 
than 65  IU/mL, or a reduction greater than 50% from 
baseline, before neoadjuvant chemotherapy, was an inde-
pendent prognostic factor for survival [22].

Human Epididymal Protein 4 (HE4) is a 13 kD protein 
(20–25 kD in its mature glycosylated form); it belongs to 
the family of WAP-type four-disulfide core (WFDC), a 
group with potential trypsin inhibitory properties [23–
26]. It has been proposed as a proteinase inhibitor with 
utility in the pulmonary immune system and the sperm 
maturation process, and it is expressed at low concentra-
tions in various healthy tissues, including the respiratory 
and reproductive epithelium [27]. HE4 is overexpressed 
in most subtypes of ovarian epithelial cancer [28] and 

some adenocarcinomas such as lung, endometrium and 
breast [29–32].

About its role in carcinogenesis, HE4 has been involved 
in cell cycle regulation and tumor cell proliferation, not-
ing that the silencing of the HE4 gene results in cell cycle 
arrest in the G0/G1 phase and blocking the progression 
from the G1 phase to the synthesis or S phase [33, 34]. 
HE4 is overexpressed in ovarian carcinomas, with a cut-
off serum level of 70 pmol/L with higher specificity (95%) 
than CA125 [35]. HE4 can also be detected in urine with 
a specificity of 94.4% [36].

The exploration of the prognosis and predictive value 
of the combination of the biomarkers CA125 and HE4 in 
OC remains controversial [37–40]. In addition, several 
methodologies have been reported to assess tumor bio-
marker kinetics during OC treatment. Almufti et al., [41], 
classified the strategies and approaches to evaluate the 
prognostic and predictive utility of tumor biomarkers, 
based on the number of quantifications performed, which 
could be studies with a single measure or trials with two 
or more quantifications. over time, called kinetic stud-
ies. In the case of CA125 and HE4, their kinetics during 
NACT in OC has not been sufficiently investigated.

Finally, as a main objective, we set out to determine 
the kinetics of serological CA125 and HE4 during CO 
treatment and their associations with the tomographic 
response to platinum and taxane therapy in Mexi-
can patients receiving neoadjuvant chemotherapy for 
advanced epithelial ovarian cancer.

Materials and methods
A longitudinal study was carried out, including 
women who attended the National Cancerology Insti-
tute—Mexico (NCI-Mx), from July 2017 to July 2018, 
age > 18 years, with a diagnosis of epithelial ovarian can-
cer, with advanced disease, stages clinical III or IV from 
the International Federation of Gynecology and Obstet-
rics (FIGO) classification, candidates for treatment with 
neoadjuvant chemotherapy with carboplatin (area under 
the curve 5–6) and paclitaxel (175 mg / m2), every three 
weeks. Patients with a double primary tumor, mucinous 
histology, and those with previous cancer treatment (sur-
gical or systemic) were excluded.

Serum samples were obtained for CA125 and HE4 
quantification at the beginning of chemotherapy (base-
line) and during every one of the three neoadjuvant treat-
ment cycles. An evaluation of the therapeutic response 
was subsequently performed by the tomographic stand-
ard using the following criteria: “With a response”, 
including complete and partial response,

or “No response”, according to Response Evaluation 
Criteria In Solid Tumors (RECIST 1.1).
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The association between the CA125 and HE4 kinetics 
(absolute value and delta of change between the assess-
ments) of biomarkers and the response tomographic was 
evaluated. We grouped tomographic response in " favora-
ble response", which included full or partial response, 
and "no response", which included stable disease and 
disease progression. The serum HE4 and CA125 quan-
tification were performed using the ARCHITECT HE4 
assay by a method of Chemiluminescence Microparticle 
Immunoassay (CMIA).

To compare the values of the two biomarkers, nor-
mality was analyzed with histogram, Shapiro–Wilk, and 
Kolmogorov–Smirnov tests, observing the non-nor-
mality distribution of the data, thus a logarithmic trans-
formation of the values was performed to be evaluated. 

Descriptive and inferential tests, including correlations 
and a multivariate analysis adjusting by age, basal ECOG, 
smoking and clinical staging of the FIGO classification 
were performed.

Results
One hundred ninety-eight patients with ovarian can-
cer were initially included. From them, 116 patients 
(58.9%) showed epithelial histological subtype and 
advanced stage of the disease. Only 53 patients (26.9%) 
met the inclusion criteria for participation in the study. 
A previous surgical intervention (15.6%) and a primary 
cytoreduction (11.6%) were the most frequent causes of 
exclusion criteria (Fig. 1).

Mexicans patients with ovarian cancer, attended at

National Cancer Institute - Mexico (July 2017 to July 2018)

n = 198

Non-epithelial tumors

n = 37 Non-advanced disease

n = 45

Patients with advanced

epithelial ovarian cancer

n = 116

Previously operated

n = 31

Primary debulkyng surgery

n = 23

Mucinous histology

n = 4

Prior neoadjuvant

chemotherapy

n = 1

Double primary tumor

n = 4

Patients with epithelial ovarian cancer who were

candidates for neoadjuvante systemic treatment

n = 53

Fig. 1 Flowchart sample selection
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Of the 53 patients evaluated, we found a mean age 
of 57.8  years (Standard deviation [SD] 10.3  years). In 
this group, 43.4% was overweight, and 34.0% had high 
blood pressure. At diagnosis, the main symptoms were 
creased abdominal girth 75.5% and diffuse abdominal 
pain (66.6%). The most frequent histopathological sub-
type was the papillary serous (92.4%), and the majority 
(52.8%) were in the clinical stage IVB.

The variable "tomographic response" was grouped 
into two categories: “with a response”, which included 
full or partial response, those were 32 patients (60.4%), 
and “no response”, which included stable disease and 
disease progression, 21 patients (39.6%).

The only variable that showed a statistically signifi-
cant difference between both groups was the histo-
logical subtype. It was observed a significantly higher 
proportion (p = 0.044) of papillary serous cases (32 
of 49 cases, 65.3%) in the group with responses, vs 17 
of 49 cases (34.7%) in the group with no tomographic 
response, as well as the absence of endometrial sub-
types and clear cells in the group with answer (Table 1).

The mean baseline HE4 was 2150.9 pmol / mL (range: 
61.5—25,596.3) and that of CA125 was 5367.2 IU / mL 
(range: 28.2—36,262.4). The mean of both biomarkers 
decreased in each of the three cycles, with the greatest 

decline slope after the first cycle (Supplementary Table 
S1 and Fig. S1).

It was observed that patients with no tomographic 
response presented a higher level of HE4 [average of 6.19 
(95% CI, 4.92–6.84) pmol / mL] compared to the group 
that showed tomographic response [average of 5.89 (95% 
CI, 5.65–6.78) pmol / mL], with statistically significant 
difference (p = 0.031), this observation remains indepen-
dently regardless the cycle where the sample was taken.

By analysing the association between basal HE4 serum 
levels and tomographic response, a higher concentration 
was found in patients with tomographic response group 
[7.13 (CI 95%, 6.95–7.31) pmol/mL vs 6.84 (CI 95%, 6.64–
7.04) pmol/mL] with no statistically significant difference 
(Table 2). In each one of the treatment cycles, HE4 values 
were lower in tomographic response group with statisti-
cally significant difference for the second [5.32 (95% CI, 
5.17–5.47) pmol / mL versus 5.93 (95% CI, 5.74–6.12) 
pmol / ml; p = 0.039] and third cycle [4.91 (95% CI, 4.79–
5.03) pmol / mL versus 5.56 (95% CI, 5.44–5.68) pmol / 
mL; p = 0.031] of treatment (Fig. 2).

By doing the multivariate analysis with an adjustment 
by age, basal ECOG, smoking and clinical staging of the 
FIGO classification, an association statistically signifi-
cant was observed between HE4 levels and tomographic 
response, from the second cycle of treatment (p = 0.042), 

Table 1 Clinicopathological characteristics of the patients according to tomographic response (n= 53)

Data is presented as n (%)
a   X2 tests

Those p values with statistical significance (less than 0.05) are marked in bold

Variable Category With response (%) Non response (%) pa

Body mass index (WHO) Overweight 12 (37.5) 11 (52.4) 0.934

Normal 13 (40.6) 6 (28.6)

Obese 7 (21.9) 4 (19.0)

Diabetes mellitus Yes 4 (12.5) 2 (9.5) 1.000

No 28 (87.5) 19 (90.5)

Systemic Arterial Hypertension Yes 10 (31.2) 7 (33.3) 1.000

No 22 (68.8) 14 (66.7)

Smoking Yes 6 (18.7) 2 (9.5) 0.335

No 26 (81.3) 19 (90.5)

ECOG 0‑1 29 (90.6) 20 (95.2) 0.065

≥ 2 3 (9.4) 1 (4.8)

Histological subtype Papillary serous 32 (100) 17 (81.0) 0.037
Endometrioid 0 (0.0) 3 (14.2)

Clear cell 0 (0.0) 1 (4.8)

Clinical stage (FIGO) IVB 18 (56.3) 10 (47.6) 0.914

IVA 7 (21.9) 9 (42.9)

IIIC 5 (15.6) 2 (9.5)

IIIB 1 (3.1) 0 (0.0)

IIIA 1 (3.1) 0 (0.0)
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remaining until the third cycle (p = 0.033). By analyzing 
all values (basal and each cycle of chemotherapy), statisti-
cal significance was observed from univariate and multi-
variate analysis (Table 2).

Odds Ratio calculation was performed using the appli-
cable variables, taking as response variable the result 
shown in the tomography after three cycles of chemo-
therapy. No significant value was found in the univariate 
analysis, and there was no multivariate model develop-
ment (Supplementary Fig. S2).

The analysis of the values up to the sixth cycle, shows 
that the described behavior was also verified by com-
paring the difference values in serum levels with respect 
to the basal level. The data show that in patients with 
response this decrease is greater (Estimated Effect of 
-2.01 until the third cycle) compared with patients who 
showed no tomographic response (Estimated effect of 

-1.19 until the third cycle). The correlation between 
the serum levels of the HE4 and CA125 biomarkers 
was explored, demonstrating collinearity, with similar 
trends at different times of treatment (Fig. 3).

The association between tomographic response and 
the difference (delta) between HE4 levels in differ-
ent treatment cycles was analyzed, and we observed 
a statistically significant relationship between the dif-
ference in basal serum levels and those obtained after 
the first cycle of chemotherapy, both in the univariate 
analysis and in the age-adjusted multivariate model 
at diagnosis, basal ECOG, smoking and FIGO stage 
(Table  3). Thus, it was shown that a greater reduc-
tion between basal HE4 levels and those of the first 
cycle of chemotherapy was independently associ-
ated with the tomographic response. No statistically 
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Fig. 2 HE4 levels according to tomographic responses and treatment cycle (n = 53). Comparisons between groups according tomographic 
response are reported using Two Sample T‑Test (Welch’s T‑test). Those p values with statistical significance (less than 0.05) are marked in bold

Table 2 Association between HE4 levels a and tomographic response (n = 53)

CI confidence interval
a  Transformed by decimal logarithm. Measurements of all cycles and basal values were included
b  Adjusted for age at diagnosis, baseline ECOG, smoking the histological subtype and FIGO stage

Those p values with statistical significance (less than 0.05) are marked in bold

Univariable Multivariableb

HE4 Estimated CI 95% p Estimated CI 95% p

Basal ‑0244 ‑0.689, 0.151 0.357 ‑0.262 ‑0.832, 0.308 0.367

To the first cycle 0.444 ‑0‑249, 0.561 0.119 0.524 ‑0.077, 1.125 0.088

To the second cycle 0.676 0.061, 1.081 0.054 0.752 0.028, 1.475 0.044
To the third cycle 0.766 0.175, 1.181 0.042 0.843 0.068, 1.617 0.033
All values 0.241 0.012, 0.352 0.038 0.268 0.030, 0.505 0.027
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significant relationship was observed with any other 
time comparison.

The most frequent adverse event associated with chem-
otherapy was neutropenia, present in 39 patients (73.6%), 
being grade 3 or higher in 20 patients (37.6%). The 
remaining toxicities were nausea in 24 patients (45.3%), 

anemia in 22 (41.5%), peripheral neuropathy in 16 (30.2), 
emesis in 12 (22.6%), thrombocytopenia in 9 (17.0), diar-
rhea in 6 (11.3%), and nephrotoxicity and hepatotoxic-
ity in one patient (1.9%), without showing a statistically 
significant distribution in relation to the tomographic 
response (Table 4).
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Fig. 3 Correlation between serological levels of HE4 and CA125 biomarkers during the different cycles (n= 53).Pearson’s correlations shown in A, B, 
C and D are statistically significative with a p‑value < 0.05

Table 3 Association between tomographic response and the difference (delta) between  HE4alevels (n=53)

CI confidence interval
a  Transformed by decimal logarithm
b  Adjusted for age at diagnosis, basal ECOG, smoking, histological subtype and FIGO stage

Those p values with statistical significance (less than 0.05) are marked in bold

Univariate Multivariateb

HE4 Est CI 95% p Est CI 95% p

Between basal and first cycle 0.182 0.033, 0.330 0.017 0.194 0.019, 0.368 0.030
Between basal and second cycle 0.116 ‑0.013, 0.245 0.080 0.128 ‑0.013, 0.269 0.077

Between basal and third cycle 0.090 0.060, 0.240 0.244 0.108 ‑0.058, 0.274 0.203

Between first and second cycle 0.069 ‑0.125, 0.263 0.485 0.203 ‑0.092, 0.498 0.179
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Discussion
Ovarian cancer is the most lethal gynecological neo-
plasm in the world, due to its late diagnosis and non-
specific symptoms. Within the study, 198 patients with 
ovarian cancer were evaluated, of which 153 (77.2%) pre-
sented advanced stage disease at the time of diagnosis 
(including epithelial and non-epithelial tumors), which is 
in line with what is reported in the international litera-
ture, where it has been indicated that more than 65% of 
patients are diagnosed in advanced stages [1]. The aver-
age age of presentation of the 53 patients included was 
57.8  years (SD ± 10.3  years), lower than that reported 

globally, being 62  years [1, 42]. This early presentation 
has been reported in other neoplastic diseases within the 
Mexican population, highlighting colorectal and prostate 
cancer.

The main documented comorbidities were overweight 
(45.2%) and systemic arterial hypertension (43%). The 
main symptoms were abdominal and nonspecific, in 
accordance with the literature [43], highlighting the 
increase in abdominal girth in 40 patients (75.5%) and 
diffuse abdominal pain in 35 (66.6%).

The only variable that showed statistically significant 
difference between both groups was the histological sub-
type, where patients with endometrioid and clear cells 
subtypes did not have favorable tomographic response 
with neoadjuvant treatment. Clear cell and mucinous 
subtypes in advanced disease are associated with a very 
poor prognosis and resistance to standard treatment [44, 
45], however, this observation is limited in our study due 
to the small sample size (only one case with clear cell his-
tology) and not including mucinous tumors because of 
their low production of HE4 biomarker.

Adverse events from chemotherapy occurred more fre-
quently at the hematological and gastrointestinal levels, 
in accordance with the toxicity profile of the platinum-
taxane combination reported in the literature. Some 
other frequent manifestations such as dysgeusia and 
headache were not reported during medical visits, in up 
to 11.8% and 7.1% of cases, respectively.

Regarding the biomarker HE4, it has demonstrated 
protease activity and participation in cell signalling, act-
ing on processes of adhesion, migration, and promotion 
of tumour growth [46, 47]. In addition to its standard 
use, approved for the differential diagnosis of malignant 
adnexal tumors (Risk of Ovarian Malignancy Algorithm), 
there are assays that explore the value of HE4 as a prog-
nostic marker [48], a predictor of optimal cytoreduction 
[49], and a potential tool for early diagnosis of recur-
rence, even better than CA125 [50, 51].

Most of the reports published to date are retrospec-
tive. Studies that relate the role of HE4 to the response to 
chemotherapy often address the adjuvant setting, follow-
ing primary cytoreduction. In addition, the authors have 
used various trials (ARCHITECT by Abott®, ELECSYS 
by Roche®, or EIA by Fujirebio®) and various statistical 
methods and approaches for data analysis (percentage 
decrease, low area to Curve, negativization, etc.), which 
increase heterogeneity and limit the comparison of 
results.

The pioneering study, which serves to contrast the 
results of the work carried out in this investigation, was 
published by Vallius and cols. [52], where 25 patients 
with advanced epithelial ovarian cancer, treated with 

Table 4 Adverse events due to chemotherapy according to 
tomographic response to neoadjuvant chemotherapy (n = 53). 
Percentage values are calculated within groups

a  Fisher exact test; CTCAE 5.0: Common Terminology Criteria for Adverse Events 
version 5.0

Adverse event (CTCAE 5.0) With response 
(%)

Without 
response 
(%)

p-valuea

Neutropenia Grade 0 10 (31.3) 4 (19.0) 0.582

Grade 1 1 (3.1) 2 (9.52)

Grade 2 8 (25.0) 8 (38.1)

Grade 3 11 (34.4) 5 (23.9)

Grade 4 2 (6.3) 2 (9.5)

Anemia Grade 0 19 (35.8) 12 (22.6) 0.773

Grade 1 5 (9.4) 2 (3.8)

Grade 2 7 (13.2) 5 (9.4)

Grade 3 1 (1.9) 2 (3.8)

Thrombocyto‑
penia

Grade 0 29 (90.6) 15 (71.42) 0.134

Grade 1 2 (6.2) 1 (4.8)

Grade 2 0 (0.0) 3 (14.3)

Grade 3 1 (3.1) 2 (9.5)

Nausea Grade 0 19 (57.6) 11 (52.4) 0.953

Grade 1 9 (27.3) 7 (33.3)

Grade 2 4 (12.1) 3 (14.3)

Grade 3 1 (3.0) 0 (0.0)

Emesis Grade 0 26 (81.2) 15 (71.4) 0.676

Grade 1 4 (12.5) 5 (23.8)

Grade 2 2 (6.3) 1 (4.8)

Diarrhea Grade 0 27 (84.4) 20 (95.2) 0.781

Grade 1 4 (12.5) 1 (4.8)

Grade 2 1 (3.1) 0 (0.0)

Renal toxicity Yes 1 (3.1) 0 (0.0) 1

No 31 (96.9) 21 (100.0)

Liver Toxicity Yes 1 (3.1) 0 (0.0) 0.413

No 31 (96.9) 21 (100.0)

Peripheral Grade 0 23 (71.9) 14 (66.7) 0.908

Neuropathy Grade 1 5 (15.6) 3 (14.3)

Grade 2 4 (12.5) 4 (19.0)
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neoadjuvant chemotherapy, were evaluated, quantifying 
the CA125 and HE4 biomarkers in a basal manner and 
on a later occasion, after completion of adjuvant chemo-
therapy, prior to interval cytoreduction. The percentage 
changes of the biomarkers were compared according 
to the tomographic response and the surgical outcome, 
concluding that neither CA125 nor HE4 changes were 
correlated with the tomographic response, observing 
a clear reduction in serum levels of both biomarkers in 
all groups, regardless of the radiological response. In 
fact, patients with disease progression had an average 
decrease in CA125 levels of around 83%. This was sur-
prising, since in the pilot study with 11 patients previ-
ously conducted, a relationship was observed between 
changes in serum concentration of biomarkers and the 
tomographic response.

Despite this finding, the report by Vallius and cols. 
described a favorable relationship between HE4 decline 
(> 80%) and prognosis in terms of overall survival, with a 
median of 3.38 versus 1.60 years (p = 0.01). This put into 
question the discordance between survival results and 
radiological therapeutic response. The authors argued 
that tomographic guidelines may be a limitation in the 
optimal assessment of the response to chemotherapy, 
suggesting to study, the possibility of using functional 
imaging as PET-CT to optimize the assessment. In addi-
tion to the small number of patients, a limitation of the 
study by Vallius and cols. was to have only two measure-
ments for each patient.

Chudecka and cols. [53], published a study involving 
90 patients with ovarian cancer, 42 of whom were treated 
with neoadjuvant chemotherapy, with HE4 and CA125 
measurements taken at diagnosis, after chemotherapy, 
and before interval cytoreductive surgery, although in the 
final analysis, the authors only considered the third cycle 
of chemotherapy.

Preoperative HE4 levels were a predictor of platinum 
sensitivity (p-value = 0.035) and progression-free survival 
(p-value = 0.0492) when normalized or reduced by 50%, 
but, unlike the reports of Vallius and cols. [52], in multi-
variate analysis, normalized HE4 levels after chemother-
apy (HR = 0.08, p-value = 0.0003) or with 50% reduction 
before interval debulking (HR = 0.39, p-value = 0.0496), 
correlated with improvement in 2 years overall survival.

The present study is original in its design and tries to 
optimize the limitations of the reported studies previ-
ously. It only includes patients with advanced epithelial 
ovarian cancer treated with neoadjuvant chemotherapy, 
excluding the group of patients treated with primary 
cytoreductive therapy and those who have undergone 
incomplete surgery (oophorectomy, lumpectomy) prior 
to the start of systemic treatment, due to the alteration 
that this procedure conditions in the serum level of the 

biomarkers. In addition, baseline quantifications have 
been performed and in each cycle of systemic treatment, 
including all measurements within the final statistical 
analysis.

Unlike what was reported by Vallius and cols. [52], 
in this study a statistically significant association was 
observed between HE4 changes and the tomographic 
response in patients with epithelial ovarian cancer 
treated with NACT. These observations highlight the 
need to increase the sample size (11 and 25 patients, 
respectively, in the pilot and the trial by Vallius and cols.; 
42 patients in the study by Chudecka and cols., standard-
ize the number and timing of the quantifications, as well 
as the inclusion criteria, homogenizing the type of chem-
otherapy to be studied (neoadjuvant versus adjuvant) and 
analyzing both biomarkers to determine the collinearity 
of the results.

The main findings of our study are that HE4 levels, 
especially during the second and third cycle, are inde-
pendently associated with the tomographic response in 
patients with advanced epithelial ovarian cancer treated 
with neoadjuvant chemotherapy. Also, a greater reduc-
tion between the basal HE4 levels and those of the first 
cycle of chemotherapy was independently associated 
with the tomographic response, which is relevant to 
predict the group of patients who will not respond to 
treatment. The analysis of the delta was included due to 
its potential clinical relevance since the decision of con-
tinuing or not with more chemotherapy cycles could be 
made after the first chemotherapy cycle by assessing the 
biomarker kinetics, which can be used to early identify 
patients who present resistance to platinum.

Despite the main limitation is the number of patients 
recruited during one year at a single cancer center, this 
public institution is considered one of the main centers of 
care for cancer patients nationwide. One the other hand, 
the main strengths are the sample was selected with strict 
control, and serum levels were collected before treat-
ment and in each cycle, being one of the studies with the 
highest number of patients when studying HE4 thus con-
veying trustable results. The authors consider that a sig-
nificant association with a limited sample size suggests a 
strong biological effect. The results will contribute with 
information that can be used for extension studies to get 
to a more comprehensive conclusion in an effective way.

Due to the nature and design of this study, it is not pos-
sible to conclude that HE4 biomarker has higher clini-
cal utility in comparison with CA125, nor the benefits 
of their combination (as the used in the Risk of Ovar-
ian Malignancy Algorithm). Literature on the subject is 
scarce, particularly in Hispanic populations like ours, and 
most of it is retrospective and done in the adjuvant con-
text. However, it has been shown that preoperative levels 
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of HE4 are a predictive factor of TR. Future studies must 
perform comparative, and combination analyzes with the 
purpose of exploring the potential usefulness of HE4.

Conclusion
Serum HE4 levels were independently associated with 
TR among patients with AEOC treated with NACT, also 
a reduction between baseline HE4 and first chemother-
apy levels was also independently associated with the TR. 
These findings might be relevant for predicting a lack of 
response to treatment.

To the knowledge of the authors, this is the first report 
in Latin America on the kinetics of.

CA125 and HE4 as predictors of tomographic response 
in patients with advanced epithelial ovarian cancer 
treated with neoadjuvant platinum-based chemotherapy. 
Further study follow-up is needed to understand the 
impact of the biomarkers in terms of successful cytore-
duction, in predicting platinum sensitivity, disease-free 
survival, risk to progress and overall survival.
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