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Summary: Objective: The aim of this study is to evaluate serum copper (Cu) and zinc (Zn) levels in patients with epithelial ovarian cancer and 
endometrioma. Materials and methods: We included 21 epithelial ovarian cancer patients, 47 endometrioma patients, 31 healthy women of 
reproductive age, and 10 healthy women in menopause. Cu and Zn levels and Cu/ Zn ratios were compared. Results: In the endometrioma group, 
Cu levels (P = 0.04) and Cu/ Zn ratio (P < 0.01) were higher, while Zn levels (P < 0.01) were lower compared to the control group. The threshold 
value of 1.15 with 62% sensitivity and 61% specificity was calculated for the Cu/ Zn ratio using the ROC curve (AUC = 0.688; P = 0.005). In the 
ovarian cancer group, Cu levels (P ≤ 0.01) and Cu/ Zn ratio (P = 0.02) were higher, whereas Zn levels (P ≤ 0.02) were lower compared to the control 
group. The Cu/ Zn ratio threshold value of 1.37 was calculated with 76% sensitivity and 90% specificity (AUC = 0.829; P = 0.004). The Zn level was 
lower (P = 0.02), and the Cu/ Zn ratio was higher (P = 0.01) in the ovarian cancer group compared to the endometrioma group. Conclusion: The 
threshold value of the Cu/ Zn ratio for ovarian cancer could be determined with a specificity of 90%, whereas the sensitivity and specificity of the 
Cu/ Zn ratio for endometrioma were low.
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Souhrn: Cíl: Cílem této studie je zhodnotit sérové hladiny mědi (Cu) a zinku (Zn) u pacientek s epiteliálním karcinomem ovaria a endometriomem. 
Materiál a metody: Do studie bylo zařazeno 21 pacientek s epiteliálním karcinomem ovaria, 47 pacientek s endometriomem, 31 zdravých žen 
v reprodukčním věku a 10 zdravých žen v menopauze. Byly porovnány hladiny Cu a Zn a poměry Cu/ Zn. Výsledky: Ve skupině s endometriomem 
byly hladiny Cu (p = 0,04) a poměr Cu/ Zn (p < 0,01) vyšší, zatímco hladiny Zn (p < 0,01) byly nižší ve srovnání s kontrolní skupinou. Prahová 
hodnota 1,15 s 62% senzitivitou a 61% specificitou byla vypočtena pro poměr Cu/ Zn pomocí ROC křivky (AUC = 0,688; p = 0,005). Ve skupině 
s rakovinou vaječníků byly hladiny Cu (p ≤ 0,01) a poměr Cu/ Zn (p = 0,02) vyšší, zatímco hladiny Zn (p ≤ 0,02) byly nižší ve srovnání s kontrolní 
skupinou. Prahová hodnota poměru Cu/ Zn 1,37 byla vypočtena se 76% senzitivitou a 90% specificitou (AUC = 0,829; p = 0,004). Hladina Zn byla 
nižší (p = 0,02) a poměr Cu/ Zn byl vyšší (p = 0,01) ve skupině s karcinomem ovaria ve srovnání se skupinou s endometriomem. Závěr: Prahová 
hodnota poměru Cu/ Zn pro karcinom ovaria mohla být stanovena se specificitou 90 %, zatímco senzitivita a specificita poměru Cu/ Zn pro 
endometriom byly nízké.

Klíčová slova: měď – zinek – karcinom vaječníků – endometriom – poměr měď zinek

for reliable and non-invasive methods 
that can be used in the differential dia g  - 
nosis of malignancy when evaluating 
adnexal masses.

One of the proposed mechanisms of 
malignant transformation is through 

of the most common causes of adnexal 
masses in reproductive age. Although 
endometriotic lesions are mostly be-
nign, it is known that endometriomas in-
crease the risk of endometroid and clear 
cell carcinoma  [2]. Research continues 

Introduction
Endometriosis is a  progressive estro-
gen-dependent inflammatory disease 
associated with pelvic pain and infer-
tility, with a  risk of malignant transfor-
mation [1]. Ovarian endometriosis is one 
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serum Ca 125 level and Cu/ Zn ratio were 
also checked in the study groups. All 
samples were analyzed in the Gazi Uni-
versity Faculty of Medicine Medical Bio-
chemistry Department Laboratory.

Analysis
Statistical analyses were performed with 
SPSS version 20.0  (IBM, Armonk, NY, 
USA). Continuous data were reported 
as mean ± Standard Deviation (SD). The 
normality of the distributions of the 
variables was confirmed by the Sha piro-
-Wilk test. Parametric tests were used for 
numerical variables with normal distri-
bution, and nonparametric tests were 
used for numerical variables that did not 
show normal distribution. Comparisons 
between groups were made using a Stu-
dent's T-test and Mann-Whitney U-Test. 
The predictive accuracies of statistically 
significant variables were evaluated 
using an ROC analysis. The relationships 
of the variables with each other were 
determined with a Pearson’s correlation.  
P-value of less than 0.05 was considered 
to be statistically significant.

Results
A total of 109  participants, 21  pa-
tients with epithelial ovarian cancer 
and 47  patients with endometrioma, 
were included in the study. The control 
group for endometrioma comprised of 
31 healthy women of reproductive age, 
and the control group for ovarian can-
cer consisted of 10  healthy women in 
menopause without any pathology de-
tected in the pelvic examination and ul-
trasound evaluation. Characteristics of 
patients are summarized in Tab. 1.

Comparison of endometrioma vs 
reproductive control group
The mean age of 47 patients in the en-
dometrioma group was 32.5 ± 6.17 (18–
45) years. The mean age of 31  women 
in the reproductive control group was 
35.9 ± 8.07 (19–45) years. There was no 
significant difference between the two 
groups regarding age (P  =  0.053) and 

detected during the pelvic examination 
and ultrasonographic evaluation were 
excluded from the control groups. Ad-
ditional information was obtained re-
garding the age at menarche, menstrual 
cycle duration, gravidity, parity, and con-
traceptive use. A regular menstrual cycle 
was defined as an interval of 25–35 days 
pre-cycle.

Dysmenorrhea, dyspareunia, and pel-
vic pain severity of the patients were 
scored according to the Biberoğlu & 
Behrman scale [13].

This prospective study is approved by 
the Gazi University Hospital Institutional 
Ethics Committee for the use and analy-
sis of patient information and data.

Biochemical Assay
Serum Cu, Zn and Ca 125 levels were an-
alyzed in blood samples of 5 cc collected 
from the median cubital vein of enrolled 
women into vacutainers treated with 
ethylenediaminetetraacetic acid anti-
coagulant following 10–12 hours fasting. 
The samples were centrifuged at 1,000 g 
for 5 minutes. Separated serum samples 
were diluted 1/ 10 using deionized water. 
Subsequently, serum Cu and Zn levels 
were analyzed using an Atomic Absorp-
tion Spectrometer (AAS, Shimadzu/ AAS 
7000) [14,15]. Analytical wavelength was 
324.8 nm for Cu and 213.9 nm for Zn and 
slit width was 0.7 nm. Measurement of 
each element was performed in tripli-
cate and the average pf the measure-
ment values was taken into account. Cu 
and Zn concentrations were given as mi-
crograms per deciliter (mcg/ dL). Cu/ Zn 
ratios were calculated by direct division 
of these values. The reference ranges for 
serum Cu are as follows: 84–155 mcg/ dL. 
The reference range for serum Zn is 78–
157 mcg/ dL. Serum Ca 125 level was ob-
tained as a tumor marker for malignancy 
screening. Serum Ca 125 levels were an-
alyzed by the ECLIA (Electrochemilumi-
nescence Immunoassay) method using 
an autoanalyzer (Roche Dia gnostics Ltd., 
Switzerland) in blood samples taken 
in SST tubes  [16]. Correlation between 

reactive oxygen species (ROS). ROS pro-
duced by endometrial cells scattered in 
the peritoneal cavity can lead to DNA 
damage and somatic mutations  [3]. 
Trace elements are structural com-
pounds of most enzymes involved in 
ROS production and inhibition. Among 
them, copper (Cu) and zinc (Zn) are 
widely involved in the cell’s oxidant and 
antioxidant processes [4,5]. An increase 
in serum Cu concentration and a  par-
allel decrease in serum Zn levels have 
been demonstrated in numerous patho-
logical conditions [6,7]. In addition, sev-
eral studies in the literature show that 
the serum Cu/ Zn ratio is significantly in-
creased in patients with endometriosis 
and those with cervical, ovarian and en-
dometrial cancer [8–12].

The aim of this study is to determine 
whether serum Cu Zn levels and Cu/ Zn 
ratio differ in patients dia gnosed with 
endometrioma or ovarian cancer com-
pared to the healthy population. We also 
aimed to compare the Cu/ Zn ratios be-
tween the endometrioma and ovarian 
cancer groups to define possible thresh-
old values that can be used in the differ-
ential dia gnosis.

Materials and methods
Study Population
The present study included 21 patients 
dia gnosed with epithelial ovarian cancer 
and 47  patients dia gnosed with endo-
metrioma between February 2014 and 
August 2014 in Gazi University Hospital, 
Ankara. Thirty-one healthy women of re-
productive age and 10 healthy women 
in menopause were included in the con-
trol group. Exclusion criteria were preg-
nancy, breastfeeding, comorbidities, 
history of hormonal therapy for endo-
metriosis within three months, history of 
medications containing Cu or Zn within 
three months, adnexal mass other than 
endometrioma, previous surgery for 
ovarian cancer or other malignancies, 
and history of chemotherapy or radia-
tion. Also, patients with any gynecolog-
ical or non-gynecological pathologies 
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Cu level was 127.89 ± 31.06 mcg/ dL, the 
Zn level was 96.55 ± 18.49 mcg/ dL, and 
the Cu/ Zn ratio was 1.39 ± 0.49. In the 
reproductive control group, the Cu level 
was 115.19 ± 21.38 mcg/ dL, the Zn level 
was 107.13  ±  14.79  mcg/ dL, and the  
Cu/ Zn ratio was 1.08 ± 0.2. In the endo-

pelvic pain. Of these, 13 patients (38%) 
were classified as stage 3 endometrio-
sis, whereas 21  patients (62%) were 
stage 4. The distribution of patients in 
the endometrioma group according to 
the severity of symptoms is shown in 
Fig. 1. In the endometrioma group, the 

menarche age (P = 0.06). In the repro-
ductive control group, 25 patients were 
fertile. In the endometrioma group, 
19 were infertile, and 34 patients (72%) 
had a  histopathological dia gnosis. Six-
teen patients were operated on a  pel-
vic mass, 16  for infertility, and two for 

Tab. 1. Patient characteristics.
Tab. 1. Charakteristika pacienta.

Overall 
(N = 109)

Endometrioma 
(N = 47)

Reproductive 
control (N = 31)

Ovarian cancer 
(N = 21)

Menopause 
control (N = 10) P* P**

Age 40 ± 13 33 ± 6 36 ± 8 54 ± 14 57 ± 6 0.053 0.284

Menstrual regularity 0.249 0.071

menopause 21 (19) 0 (0) 0 (0) 11 (52) 10 (100)

regular bleeding 81 (74) 43 (92) 31 (100) 7 (33) 0 (0)

menorrhagia 4 (4) 2 (4) 0 (0) 2 (9) 0 (0)

oligomenorrhea 3 (3) 2 (4) 0 (0) 1 (5) 0 (0)

Previous pregnancy 75 (69) 23 (49) 25 (81) 17 (81) 10 (100) 0.005 0.461

Previous labour 66 (61) 14 (30) 25 (81) 17 (81) 10 (100) < 0.001 0.461

Data is presented as mean ± standart deviation or count (%).
*comparison between endometrioma vs. reproductive control groups
**comparison between ovarian cancer vs. menopause control groups

Fig. 1. Patient distribution according to the severity of symptoms in the endometrioma group.
Obr. 1. Rozdělení pacientů podle závažnosti symptomů ve skupině endometriomů.
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Comparison of ovarian cancer  
vs menopause control group
The mean age of 21 patients in the ovarian 
cancer group was 54.33  ±  13.53  (30–
77) years. The mean age of 10  meno-
pausal women in the control group was 
57.40 ± 6.28 (50–68) years. There was no 
significant difference between the two 
groups regarding age (P = 0.28). Accord-
ing to the FIGO (the International Fed-
eration of Gynecology and Obstetrics) 
staging system for ovarian cancer, four 
patients were stage 1, 13  were stage 
3, and four were stage 4. Cu levels, Zn 
levels, and Cu/ Zn ratio determined in 
ovarian cancer and menopause control 
group are given in Tab. 3. In the ovarian 
cancer group, Cu levels (P  <  0.01) and 
Cu/ Zn ratio (P = 0.02) were significantly 
higher, and Zn levels (P = 0.02) were sig-
nificantly lower. There was no correla-
tion between Cu/ Zn ratio and ovarian 
cancer stage or Ca 125 levels. The sensi-
tivity and specificity of different thresh-
old values were determined with the 
ROC curve to evaluate the dia gnostic 
value of the Cu/ Zn ratio in ovarian can-
cer. A  cut-off value of 1.37  was calcu-
lated with 76% sensitivity and 90% spec-
ificity (AUC = 0.83; P < 0.01) (Fig. 3).

Comparison of ovarian cancer 
group and endometrioma group
In the ovarian cancer group, the Zn level 
was significantly lower (P  =  0.02), and 
the Cu/ Zn ratio was significantly higher 
(P  =  0.01). Although the Cu level was 
higher in ovarian cancer, this difference 
was not statistically significant (P = 0.16).

Cross-comparison of the control 
groups
Cu levels, Zn levels, and Cu/ Zn ratios 
were compared between endome-
trioma vs. menopause control groups, 
ovarian cancer vs. reproductive control 
groups and menopause control vs. re-
productive control groups, respectively. 
Only the comparison between ovarian 
cancer and reproductive control groups 
yielded significant differences. In the 

125  values. Sensitivity and specificity 
studies of various threshold rates for the 
Cu/ Zn ratio were conducted to evaluate 
the dia gnostic value of the elements. The 
threshold value of 1.15  with 62% sen-
sitivity and 61% specificity was calcu-
lated for the Cu/ Zn ratio using the ROC 
curve (AUC = 0.69; P < 0.01: 0.005) (Fig. 2). 
Cu levels, Zn levels, and Cu/ Zn ratio deter-
mined in endometrioma and reproduc-
tive control group are given in Tab. 2.

metrioma group, Cu levels (P = 0.04) and 
Cu/ Zn ratio (P < 0.01) were significantly 
higher, while Zn levels (P  <  0.01) were 
significantly lower. Cu levels were nega-
tively correlated with dyspareunia (Pear-
son correlation: –0.35; P  =  0.03). There 
was no other correlation between Cu 
and Zn levels and the stage of endome-
triosis or symptoms of the disease. Also, 
no significant correlation was found be-
tween serum Cu or Zn levels and Ca 

Fig. 2. ROC curve for Cu/Zn ratio for endometrioma AUC = 0.688; P = 0.005.  
The threshold value of 1.15 with 62% sensitivity and 61% specificity.
Obr. 2. ROC křivka pro poměr Cu/Zn pro endometriom AUC = 0,688; p = 0,005.  
Prahová hodnota 1,15 s 62% senzitivitou a 61% specificitou.
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Tab. 2. Copper (Cu) level, zinc (Zn) levels, and Cu/Zn ratio in the endomet-
rioma and reproductive control groups.
Tab. 2. Hladina mědi (Cu), hladiny zinku (Zn) a poměr Cu/Zn u endometriomu 
a reprodukční kontrolní skupiny.

Endometrioma Reproductive control P

Cu (mcg/dL) 127.89 ± 31.06 115.19 ± 21.38 0.04

Zn (mcg/dL) 96.55 ± 18.49 107.13 ± 14.79 < 0.01

Cu/Zn 1.39 ± 0.49 1.08 ± 0.2 < 0.01
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ported that blood zinc levels were sig-
nificantly lower in women with endome-
triosis, whereas blood levels of copper 
were not significantly different between 
the two groups [21]. The present study is 
one of the few in the literature evaluat-
ing serum Cu and Zn levels together in 
endometrioma patients, and our results 
are in line with previous reports.

The results of the studies evaluating 
trace elements in ovarian cancer vary in 

dometrioma and trace elements in the 
literature. Turgut et al showed that serum 
Cu levels and oxidative stress markers 
were significantly higher in patients with 
stage 3 and 4 endometriosis than in the 
control group  [12]. However, serum Zn 
levels were not evaluated in this study. 
Recently, blood levels of various trace 
elements, including zinc and copper, 
were determined in Asian patients with 
and without endometriosis. It was re-

ovarian cancer group, Cu level (P = 0.02) 
and Cu/ Zn ratio (P < 0.01) were signifi-
cantly higher, and Zn level (P < 0.01) was 
significantly lower compared to the re-
productive control group. The relation-
ship of Cu/ Zn ratios between all four 
groups is demonstrated in Fig. 4.

Discussion
The need for non-invasive methods to be 
used in the differential dia gnosis of en-
dometrioma and ovarian cancer remains 
current. Transvaginal ultrasonography is 
often sufficient for the dia gnosis of en-
dometriomas  [17]. However, it may be 
challenging to distinguish endometrio-
mas from malignant tumors due to high 
serum Ca-125  levels or the ultrasono-
graphic appearance of nonhomoge-
neous cyst content, or wall irregularities 
caused by hemosiderin deposition [18]. 
According to a previous study, using only 
ultrasonography, 0.2–0.9% of malignan-
cies can be misclassified as endome-
triomas in premenopausal women [19].  
Ca-125  is the most commonly used 
marker to detect ovarian cancer in pa-
tients with an adnexal mass. However, the 
sensitivity and specificity of Ca-125  are 
low, and many gynecological conditions, 
such as endometriosis, may lead to ele-
vated levels of Ca-125, especially in pre-
menopausal women  [20]. Therefore, 
various molecules, including trace ele-
ments that are considered to have a role 
in the pathogenesis of endometriosis, are 
being investigated as dia gnostic markers.

Cu is a redox-active trace element, and 
both its deficiency and excess are as-
sociated with an increase in oxidative 
stress. On the other hand, Zn is a trace el-
ement accepted as an antagonist of re-
dox-active metals due to its antioxidant 
and anti-inflammatory properties  [6]. 
In the present study, it was found that 
serum Cu levels were significantly higher 
and serum Zn levels were significantly 
lower in both the endometrioma and 
ovarian cancer groups compared with 
healthy control groups. Limited data 
evaluates the relationship between en-

Tab. 3. Copper (Cu) level, zinc (Zn) levels, and Cu / Zn ratio in the ovarian  
cancer and control groups.
Tab. 3. Hladina mědi (Cu), hladiny zinku (Zn) a poměr Cu/Zn u rakoviny 
vaječníků a kontrolní skupiny.

Ovarian cancer Control P

Cu (mcg/dL) 139.14 ± 28.78 117.60 ± 17.95 0.01

Zn (mcg/dL) 84.67 ± 18.86 97.50 ± 10.18 0.02

Cu/Zn 1.79 ± 0.51 1.20 ± 1.14 0.02

Fig. 3. ROC curve for Cu/Zn ratio for ovarian cancer AUC = 0.829; P = 0.004.  
The threshold value of 1.37 with 76% sensitivity and 90% specificity.
Obr. 3. ROC křivka pro poměr Cu/Zn pro karcinom vaječníků AUC = 0,829; p = 0,004. 
Prahová hodnota 1,37 se 76% senzitivitou a 90% specificitou.
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with benign ovarian cysts, endome-
trioma, and ovarian cancer along with 
the healthy population. Serum Cu lev-
els were highest in the ovarian cancer 
group, followed by patients with benign 
ovarian cysts and endometrioma, re-
spectively [24]. The authors found no dif-
ference in Zn levels in the three patient 
groups. However, five patients were in-
cluded in the endometrioma group and 
six in the ovarian cancer group. In the 
present study, patients with adnexal 
masses other than endometrioma and 
ovarian cancer were not included. Our 
results showed that the serum Zn level 
was significantly lower in the ovarian 
cancer group than in the endometrioma 
group. The Cu level tended to be higher 
in the ovarian cancer group, but the dif-
ference was not statistically significant. 
The use of Cu and Zn levels as a  dia-
gnostic test in ovarian cancer should be 
confirmed with a larger series.

Cu/ Zn ratios have been evaluated in 
various studies for differential dia gnosis. 
This study compared the Cu/ Zn ratios 
among all groups. The ratio was signif-
icantly higher in patients with ovarian 
cancer than in the endometrioma group. 
Also, the ratio was higher in the endome-
trioma group compared to the healthy 
population. These findings are compa-
rable with the results of other studies in 
the literature. The Cu/ Zn ratio was found 
to be significantly higher in patients 
with ovarian cancer than in the group 
with benign ovarian tumors [10,22,25]. 
It has also been reported that the Cu/ Zn 
ratio was positively correlated with the 
ovarian cancer stage [22]. In the study of 
Marinov et al the Cu/ Zn ratio was found 
to be the highest in the ovarian cancer 
group, respectively, followed by the be-
nign ovarian tumor group and then the 
endometrioma group [24].

In this study, the sensitivity and spec-
ificity of various threshold values for the 
Cu/ Zn ratio to be used in the dia gnosis of 
ovarian cancer and endometrioma were 
studied. The threshold value of 1.37 was 
calculated for the Cu/ Zn ratio in the 

the stages of these patients were not 
specified  [23]. A  recent meta-analysis 
including twenty case-control studies 
comparing serum Cu and Zn levels be-
tween patients with ovarian cancer and 
benign ovarian lesions reported that cir-
culating Cu concentrations were signif-
icantly higher and circulating Zn con-
centrations were significantly lower in 
ovarian cancer patients. The authors also 
remarked that a suggestive causal asso-
ciation was only detected with Zn con-
centration, suggesting further studies 
on Zn interventions for ovarian can-
cer might have a clinical impact [8]. The 
above-mentioned studies included pa-
tients with various adnexal masses as 
control groups. It has not been clearly 
reported whether there is endome-
trioma among them. Marinov et al ana-
lyzed serum Cu and Zn levels in patients 

the literature. Lightman et al compared 
the serum Cu and Zn levels of patients 
with benign and malignant ovarian tu-
mors and found that serum Cu lev-
els were significantly higher. In con-
trast, serum Zn levels were significantly 
lower in the malignant group [22]. Jafari 
Shobeiri et al compared the serum Cu 
and Zn levels in patients with malig-
nant and benign ovarian tumors. They 
reported that serum Cu levels increased 
significantly in the malignant group, 
while the decrease in serum Zn levels 
was not statistically significant  [10]. In 
another study evaluating serum Cu and 
Zn levels in patients with cervical, endo-
metrial, and ovarian cancer, no signif-
icant difference was found in trace el-
ement levels in patients with ovarian 
cancer. However, 16 ovarian cancer pa-
tients were included in the study, and 

Fig. 4. The relationship of Cu/Zn ratios between all four groups is demonstra-
ted. The groups were sorted in descending order on the X-axis regarding the 
Cu/Zn ratios. The mean Cu/Zn ratios of ovarian cancer, endometrioma, meno-
pause control, and reproductive control groups were 1.79 ± 0.51, 1.39 ± 0.49, 
1.20 ± 1.14, 1.08 ± 0.2, respectively.
Obr. 4. Je ukázán vztah poměrů Cu/Zn mezi všemi čtyřmi skupinami. Skupiny byly 
seřazeny v sestupném pořadí na ose X s ohledem na poměry Cu/Zn. Průměrné 
poměry Cu/Zn u ovariálního karcinomu, endometriomu, menopauzální kontroly  
a reprodukční kontrolní skupiny byly 1,79 ± 0,51; 1,39 ± 0,49; 1,20 ± 1,14;  
1,08 ± 0,2; v tomto pořadí.
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needed. This study is one of the few in 
the literature evaluating both serum Cu 
and Zn levels and a  threshold value of 
Cu/ Zn ratio together in endometrioma 
patients. The ratio was highest in the 
ovarian cancer group and lowest in the 
healthy group. Although the threshold 
value for differentiating ovarian can-
cer from healthy controls was calcula-
ted with a specificity of 90%, the sensiti-
vity and specificity of the Cu/ Zn ratio for 
differentiating endometrioma was low. 
Therefore, the Cu/ Zn ratio is of limited 
value for differential dia gnosis. The use 
of Cu and Zn levels as a dia gnostic test 
in ovarian cancer should be confirmed 
with a larger series.
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ovarian cancer group, with a sensitivity 
of 76% and a specificity of 90%. Light-
man et al reported a threshold value of 
1.87  for malignant ovarian tumors and 
emphasized that values between 1.65–
1.87  should be evaluated carefully re-
garding malignancy [22]. Jafari Shobeiri 
et al calculated the threshold value for 
malignant ovarian tumors as 2.04, with 
a sensitivity of 73% and a specificity of 
70%  [10]. Differences in these results 
may be due to the number of patients, 
difficulties in measuring trace elements, 
their interactions with each other, and 
the fluctuation of their levels in the body. 
In this study, the threshold value for en-
dometrioma was calculated as 1.14, with 
a sensitivity of 62% and a specificity of 
61%. To the best of our knowledge, there 
is no calculated threshold value for en-
dometrioma in the literature.

A primary limitation of this study is 
that the control group for endometrioma 
consisted of patients who applied to our 
outpatient clinic for a  routine check-
up. Although the gynecological exami-
nation was normal, there was no histo-
pathological confirmation for the lack 
of endometriosis in these patients. An-
other limitation is that some of the pa-
tients in the endometrioma group did 
not have a histopathologic dia gnosis.

Recently, new screening tests and iin-
dices, such as RMI or ROMA, that use 
several markers together to predict the 
malignancy potential of ovarian lesions 
have been generated  [26]. Due to the 
limited variables of our study popula-
tion, we were not able to compare our 
results with markers other than Ca-125, 
which can be considered another limi-
tation. Also, one other limitation of this 
study is that the small number of pa-
tients causes difficulty in interpreting the 
data. Further studies with a larger num-
ber of patients should be conducted to 
clarify the predictive value of Cu and Zn.

Conclusions
A reliable and effective marker to differ-
entiate malignant and benign masses is 
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