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1 | INTRODUCTION

Background: Cancer prevention is essential after transplantation (Tx). The use of
HE4 and Risk of Ovarian Malignancy Algorithm (ROMA) is recommended as a tool for
selective ovarian cancer screening; however, creatinine is a known confounder. This
study assessed the reliability of HE4, CA125, and ROMA after Tx.

Methods: We matched a total of 202 women without gynecological malignancies
and 236 men by age and serum creatinine. Each pair consisted of a patient after Tx
(kidney, liver, heart, and pancreas) and a diseased but non-Tx consecutive patient.
Serum HE4, CA125 (Roche Cobas 6000), and creatinine (enzymatic, Abbott Architect)
were measured in all patients.

Results: Creatinine correlated with HE4 (women: r = .864, P < .0001; men: r = .848,
P <.0001). Age correlated slightly with HE4 in women (r = .250, P < .005) and men
(r=.240, P < .0005). HE4 in women after Tx (median of 84.8 pmol/L) was signifi-
cantly higher than non-Tx women (53.7 pmol/L, P < .0001) in the reference range of
serum creatinine. Neither HE4 nor CA125 correlated with tacrolimus concentration,
but anemia, hyperparathyroidism, kidney, liver, and lung diseases were possible con-
founders for HE4 after transplantation (P < .05).

Conclusion: Human epididymis protein 4 (HE4) was significantly increased in women
after solid organ transplantation compared to levels without transplants matched by

age and serum creatinine. HE4 results may be misleading in these patients.
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mass.”” However, benign pelvic mass is not uncommon in premeno-

pausal women. There are confounding factors influencing the use of HE4

Human epididymis protein 4 (HE4), CA125, and the probability of ovarian
cancer calculated using Risk of Ovarian Malignancy Algorithm (ROMA)
are recommended as practical tools for the assessment of risk of ovarian

malignancy in premenopausal and postmenopausal women with pelvic

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
GFR, glomerular filtration rate; HE4, human epididymis protein 4; ROMA, Risk of Ovarian
Malignancy Algorithm; Tx, transplantation.

and interpretation of ROMA. Granata recently published a critical review
of HE4 and recommended the consideration of age, menstrual status,
smoking habits, and renal function while interpreting HE4.2 Glomerular
filtration rate (GFR) decreases with age, and few reports described the re-
lationship between HE4 and GFR in detail.”*? No recommendation was
given for the use of ROMA in populations with chronic kidney disease

(CKD). After solid organ transplantation (Tx), patients are at increased
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risk of malignancy due to intensive immunosuppressant treatment.*®
The cumulative incidences of ovarian cancer after kidney transplantation
were 0.04%, 0.09%, and 0.14% at 12th-, 24th-, and 36th-month post-Tx,
respectively.14 The incidence of ovarian cancer is 0.26% in women after
liver transplantation, and the incidence is much higher (15.4%, ie, 1:6.5)
in women with a previous history of breast cancer before Tx.*> Impaired
GFR and immunosuppressant-related malignancy often occur simul-
taneously in kidney and heart Tx. Therefore, the use of preventive as-
sessments, including gynecological cancer prevention, is recommended
in young post-transplant patients. We found positive ROMA with a
higher frequency in women after Tx with negative specialist ultrasound
examination and normal renal function compared to nontransplant, but
polymorbid, women, which is in contrast to the clinical experience. Our
study compared transplant and diseased nontransplant pairs of women
and men matched by age and serum creatinine and assessed the role of
different confounding factors influencing the reliability of HE4, CA125,
and ROMA in solid organ transplant recipients.

2 | MATERIALS AND METHODS

2.1 | Patients

Our pilot study retrospectively evaluated 155 consecutive ROMA
index results in 155 women with pelvic mass. Our cohort included
50 women after solid organ Tx (premenopausal status 72%) and 105
diseased women without organ transplantation (56% premenopau-
sal). The transplanted organs were liver (16 patients), kidney (14 pts),
combined kidney and pancreas (14 pts), heart (5 pts), and pancreas
(1 patient). Immunosuppressant regimens consisted primarily of tac-
rolimus (approximately 80% of patients) and everolimus, sirolimus,
and rarely cyclosporin A, which was used to a lesser extent.

Our case-control study matched 202 women and 236 men by age and
serum creatinine to eliminate the 2 main known factors that influence HE4
and ROMA. The purpose of the case-control study was not to assess the
risk of malignancy, but to evaluate the confounding factors that influence
levels of HE4 and CA125. The pair consisted of patients (woman or man)
after solid organ transplantation and diseased, but nontransplant, patients
matched by sex, age, and serum creatinine. The reliability of matching
was assessed by calculating the relative differences between paired data.
Detailed analyses of relationships between HE4, CA125, creatinine, mor-
bidity, and transplant status were performed for women only. The neces-
sary criteria for inclusion, except for matched age and creatinine, were at
least 1-year survival after Tx without any known gynecological malignancy
(breast, ovary, cervix, and uterus). The transplanted organs were kidney
(41), combined kidney and pancreas (21), liver (29), liver and kidney (2),
liver and Langerhans islets (1), pancreas (3), and heart (4). Tacrolimus was
used in 98 women (97%), 2 women were treated with cyclosporin, and 1
woman received a combination of cyclosporin and sirolimus.

2.2 | Clinical data

Clinical data of the women with transplants were retrieved from pa-
tient records. Information on diabetes mellitus, primary or secondary

hyperparathyroidism, hypoparathyroidism, anemia, intestinal disease,
lung disease, and ischemic heart disease was extracted from patient
history. Information on the presence of hypertension or hyperlipi-
demia was derived from patient history or medications (antihyperten-
sives or hypolipidemics). Infection was defined as any acute or chronic
infection at the time of evaluation or when actual treatment with
antibiotics was recorded. Tumor was defined as any malignant tumor
(of nongynecological origin) in the patient history. Hypothyroidism
and hyperthyroidism were derived from patient history or medica-
tions (actual treatment with hormonal supplementation or the use
of thyreostatics). Nephropathy (kidney disease) was derived from pa-
tient history (in patients without renal Tx) or kidney transplantation.
Similarly, hepatopathy (liver disease) was derived from patient history

(in patients without liver Tx) or liver transplantation.

2.3 | Laboratory methods

All measurements were performed in an accredited laboratory (accord-
ing to the ISO 15189:2012). HE4 and CA125 were measured using
automated immunoanalysis on the Roche Cobas 6000 analyzer (Roche
Diagnostics, Rotkreuz, Switzerland) with the Roche Elecsys HE4 and
CA125 Il kits (Cat. No. 05950929 and 11776223, respectively; Roche
Diagnostics, Mannheim, Germany). Creatinine was measured using
an automated enzymatic method on the Abbott Architect analyzer
with Architect Creatinine (Enzymatic) kits (Cat. No. 8L24-31; Abbott
Laboratories, Abbott Park, IL, USA). The cutoff values for HE4 were
70 pmol/L (84th percentile) for premenopausal women and 140 pmol/L
(97th percentile) for postmenopausal women. The cutoff limit for CA125
was 35 kU/L (95th percentile) for the pre- and postmenopausal women.
Reference values for serum creatinine were 0.55-1.02 mg/dL (49-
90 pmol/L) for women and 0.72-1.18 mg/dL (64-104 pmol/L) for men.
Estimated glomerular filtration rate (€GFR) was calculated using the CKD-
EPI 2012 creatinine formula according to the KDIGO 2012 Guidelines.

2.4 | Statistical evaluation

We used the Mann-Whitney test, Kruskal-Wallis test with Conover
post hoc analysis, the Spearman’s nonparametric coefficient of cor-

relation, and Fisher’s exact test.

2.5 | Ethics committee approval

The Ethics Committee of the Institute for Clinical and Experimental
Medicine and the Thomayer Hospital with multicenter competence
approved the study under No. 1537/15 G-15-09-02. The study was
performed in accordance with the 2000 Declaration of Helsinki and
the 2008 Declaration of Istanbul.

3 | RESULTS

We present the data in 2 parts. The pilot study described the prob-
lem of possible false elevations of HE4 and ROMA in women after
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transplantation. The case-control study analyzed the results of HE4
and CA125 measured in women and men with and without trans-
plantation, who were matched by age and serum creatinine. We also
focused on the relationship between post-transplant clinical status,
immunosuppressant therapy, and tested biomarkers (HE4, CA125).

3.1 | Pilot study

There were significant correlations between serum creatinine and
HE4 (r=.545, P <.0001, N = 155) and between serum creatinine
and ROMA (r =.525, P <.0001). However, only a weak correlation
was found between serum creatinine and CA125 (r = .170, P < .05),
while age did not correlate to ROMA, HE4, or CA125.

We further divided the group of women into tertiles (T1-T3) based on
the concentration of serum creatinine. Table 1 summarizes these results.

We compared ROMA with specific cutoff limits for increased risk
of epithelial ovarian cancer to assess the risk of malignancy. The cut-
offs of 11.4% and 29.9% were used for premenopausal and postmeno-
pausal women, respectively. A significantly higher proportion of cases
with increased risk of cancer were found in women after transplanta-
tion compared to that of the non-Tx cohort (OR 18.2,95% CI 7.7-43 .4,
X2 =54.3, P <.0001, N = 155). This pattern was also present in first 2
tertiles of serum creatinine (up to 0.94 mg/dL (83.4 umol/L), OR 14.8,
95% Cl 4.4-49.6, ¥* = 25.5, P < 0001, N = 103).

WILEY-2®

The highest concentration of serum creatinine in the second
tertile of creatinine was 0.94 mg/dL (83.4 pmol/L), and the lowest
serum concentration of creatinine in the third tertile was 0.95 mg/
dL (84 umol/L), which is close to the upper reference limit for serum
creatinine in women. Therefore, we analyzed the differences between
women with and without transplants in the reference interval of serum
creatinine (up to 1.02 mg/dL [90 pmol/L]) to exclude impaired renal
function as the source of variability for HE4 and CA125 values. HE4,
CA125, and ROMA were significantly higher (P <.0001) in women
with transplants in this subgroup of patients (Table 2). Increased con-
centrations of HE4, CA125, and ROMA were found in 90%, 81%, and
90% of Tx women, respectively; in contrast, increased values of HE4,
CA125, and ROMA were present in 41%, 44%, and 43% of non-Tx
women, respectively. However, women with serum creatinine above
1.02 mg/dL (90 pmol/L) exhibited no differences between Tx and
non-Tx patients for all 3 evaluated biomarkers.

3.2 | Case-control study

3.2.1 | Relationship between serum creatinine and
measured variables

A significant correlation was found between serum creatinine
and HE4 in women (Spearman r=.864, P <.0001, N = 202). Age

TABLE 1 Pilot study. Women: Measured and calculated parameters in tertiles (T1-T3) of serum creatinine

T1
(N =52,0.38-0.79 mg/dL)

42.5(33.5-55.5)
0.72(0.66-0.77)

Age (y)

Serum creatinine (mg/dL)

CA125 (kU/L) 13.2(8.9-17.8)
HE4 (pmol/L) 52.6 (43.8-70.0)
ROMA (%) 8.5(6.2-14.8)

T2 T3
(N =51, 0.79-0.94 mg/dL) (N =52,0.95-6.65 mg/dL)

50.0(32.5-61.0) 45.5(37.5-55.5)
0.86 (0.82-0.89) 1.23(1.02-1.99)
11.6 (8.3-17.9) 17.6 (11.1-28.4)
53.7 (45.6-70.9) 142.0 (84.8-2272.8)
9.1(5.9-14.3) 39.6 (18.8-68.0)

HE4, human epididymis protein 4; ROMA, Risk of Ovarian Malignancy Algorithm.
Divide by 0.01131 to convert creatinine from mg/dL to pmol/L. Data are given as median (interquartile range).

TABLE 2 Pilot study. Measured and calculated parameters with respect to the upper reference limit for serum creatinine (1.02 mg/dL) in

women with and without transplants

Serum creatinine <1.02 mg/dL

Serum creatinine >1.02 mg/dL

N =115 N =40
P (Mann- P (Mann-
Non-Tx (N = 94) Tx (N = 21) Whitney test) Non-Tx (N = 11) Tx (N = 29) Whitney test)
CA125 (kU/L) 10.7 (8.3-16.1) 19.8 (13.6-26.9) .000 075 21.7 (11.1-48.8) 19.1 (12.9-37.8) .5855
HE4 (pmol/L) 50.4 (42.8-64.5) 82.8 (63.4-105.4) <.000001 345.1 (143.4-1143.0) 153.8 (112.3-263.1) .0440
Serum 0.79 (0.72-0.86) 0.86(0.79-0.92) .017 3.08 (1.09-4.92) 1.40(1.21-1.97) .2960
creatinine
(mg/dL)
ROMA (%) 7.8 (5.8-12.6) 22.1(13.3-29.5) <.000 001 85.4 (29.2-94.8) 42.7 (30.6-59.5) .0814
Age (y) 47.5 (38.0-60.0) 34.0 (29.8-48.5) .01 47.0 (35.0-65.8) 45.0 (37.8-52.0) .5443

ROMA, Risk of Ovarian Malignancy Algorithm.

Divide by 0.01131 to convert creatinine from mg/dL to pmol/L. Data are given as median (interquartile range).
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only slightly correlated to HE4 (r =.250, P <.005) but not CA125.
Similarly, the correlation between serum creatinine and CA125 was
also low (r=.227, P < .01).

Similar relationships were found in men. HE4, but not CA125, and
creatinine correlated significantly (r = .848, P < .0001, N = 236). Similarly,
HE4, but not CA125, slightly correlated with age (r = .240, P < .0005).

Table 3 compares the values of measured variables in tertiles (T1-
T3) of serum creatinine. Values of HE4 increased significantly with in-
creasing serum creatinine and decreasing eGFR (Kruskal-Wallis test,
P <.0001), and post hoc analysis revealed significant differences in
HE4 concentrations between respective tertiles. HE4 in T2 was sig-
nificantly higher than HE4 in T1 (P < .05), and HE4 in T3 was signifi-
cantly higher than HE4 in T2 (P < .05). The increase in CA125 with
increasing creatinine was significant (P = .0052), but CA125 concen-
trations in T3 were significantly higher than CA125in T1 only (P < .05).

Similar results (ie, increasing concentrations of HE4 with the de-
crease in GFR) were found in the case-control study in men (Table S1,
online only).

We combined the tertiles of age and serum creatinine to demon-
strate differences in HE4 in respective subgroups to further examine
the relationships between HE4, age, and creatinine. Figure 1 displays
these relationships.

An almost identical relationship between HE4 and tertiles of age
and serum creatinine was found in men (Figure S1).

The relationship between serum creatinine, age, and HE4 for all
patients is also highlighted in Figures S3 and S4. We confirmed the
relationship between serum creatinine and HE4, which was statis-
tically (r=.847, P <.0001) and clinically significant. However, the
statistically significant relationship between age and HE4 (r = .309,
P <.0001) likely exerted negligible clinical impact.

3.2.2 | The influence of post-transplant clinical
status on HE4 and CA125

Figure 2 compares HE4 concentrations in women after transplantation (+)
and without transplantation (x) in respective tertiles of serum creatinine.

We present data of measured variables in 2 subgroups with re-
spect to the upper reference limit of serum creatinine to eliminate
the strong influence of impaired renal function (represented by

heavily increased serum creatinine) on HE4 values (Table 4). HE4

TABLE 3 Case-control study

T1

(N = 67,0.49-0.98 mg/dL)
46.0(32.0-62.8)

0.84 (0.78-0.90)

12.9 (9.9-22.9)
71.3(53.8-94.4)

Age(y)

Serum creatinine (mg/dL)
CA125 (kU/L)

HE4 (pmol/L)

HE4, human epididymis protein 4.

(P <.0001) and CA125 (P = .0012) are significantly higher in women
after Tx compared to those in non-Tx patients in the reference range
of serum creatinine. In this subgroup of women with serum creat-
inine in the reference range, increased concentrations of HE4 and
CA125 were found in 69% and 66% of Tx women, respectively; in
contrast, increased values of HE4 and CA125 were present in 32%
and 35% of non-Tx women, respectively.

There was no significant difference in evaluated variables
in the reference range of serum creatinine for men (up to 1.18
mg/dL [104 pmol/L]) and above the upper reference limit. HE4 was
71.4 pmol/L in men without transplants and 83.3 pmol/L in men
with transplants (N.S.) and normal serum creatinine (Figure S2).

3.2.3 | Relationship between tacrolimus,
HE4, and CA125

We examined the relationship between the concentration of tac-
rolimus (used in 98 of 101 women and in all men after Tx) and HE4
or CA125. No significant relationship (Spearman r) between tacroli-
mus and HE4 was found in women or men. However, there was a
significant but weak relationship between tacrolimus and CA125 in
women (r =.238, P =.018) but not in men.

3.2.4 | Clinical data

We analyzed differences in clinical data in non-Tx and Tx women in the
case-control study. Table 5 summarizes data for all women and women
with normal concentrations of serum creatinine (up to 1.02 mg/dL
[90 pmol/L]). Anemia, hyperparathyroidism, kidney, liver, and lung dis-
eases were more frequent in the group of women after transplanta-
tion (P < .05). In a subset of women with serum creatinine in reference
range, a significantly higher occurrence of anemia (P =.017), hyper-
parathyroidism (P = .026), kidney disease (P = .0029), and liver disease
(P =.00003) was found in women after transplantation.

4 | DISCUSSION

We confirmed increased HE4 concentrations in women and men

with decreased eGFR and increased serum creatinine. However,

T2 T3
(N = 68, 0.98-1.73 mg/dL) (N = 67,1.77-7.93 mg/dL)
57.5 (44.0-65.0)

1.32(1.09-1.53)

( 58.0 (50.0-65.0)
(
(
(

3.01 (2.02-3.96)
20.5(13.8-36.4)
354.0 (294.1-847.2)

17.2(12.2-26.2)
159.1 (98.6-217.5)

Values of measured variables in tertiles (T1-T3) of serum creatinine in women (N = 202). Median and interquartile ranges are given. Borders of respec-
tive quintiles of serum creatinine are given in mg/dL. Divide by 0.01131 to convert creatinine from mg/dL to pmol/L. Data are given as median (inter-

quartile range).
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FIGURE 1 The relationship between HE4, age, and serum
creatinine in women (N = 202). Tertiles of age and serum creatinine
are combined, tertiles of age are marked as x (1st tertile), + (2nd
tertile), and * (3rd tertile). Lines represent recommended reference
values for premenopausal (70 pmol/L) and postmenopausal

(140 pmol/L) women

Women (transplant status and creatinine tertiles)
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FIGURE 2 The relationship between HE4, transplant

status, and serum creatinine in women (N = 202). Tertiles of

serum creatinine are combined with transplant status, which is
marked as x (nontransplant) and + (transplant). Lines represent
recommended reference values for premenopausal (70 pmol/L)
and postmenopausal (140 pmol/L) women. HE4, human epididymis
protein 4

there were increased concentrations of HE4 in the post-transplant
patients with serum creatinine in reference ranges in the pilot and
case-control studies in women. None of the women with trans-
plants exhibited gynecological malignancy, and there was no rela-
tionship between immunosuppressant concentration and HE4. The
only difference was more pronounced polymorbidity in women with
transplants.

Data on the frequency of ovarian cancer in women with trans-
plants are inconsistent with different rates in other studies.**® HE4,

CA125,and ROMA are the best predictors of malignancies in women

WILEY->°®

with pelvic mass. However, ROMA is falsely increased in patients
with decreased eGFR and/or increased creatinine”'®? because of
the higher HE4 concentrations in renal failure. Age, smoking, BMI,
and menstrual status also influence HE4.2? There are likely other
factors influencing the concentrations of HE4, CA125, and ROMA.
Shin et al?® found falsely elevated ROMA in women with confirmed
ovarian endometrioma, which was likely due to the elevated serum
HE4.

4.1 | Pilot study

The significant relationships between serum creatinine, HE4, and
ROMA in the pilot study are consistent with data in the literature.
However, there were also increased values of HE4, CA125, and
ROMA in the group of women with transplants with serum creati-
nine within the reference range, despite the younger age of this
cohort (Table 1). Therefore, serum creatinine may be the major
factor contributing to the differences in HE4 and ROMA between
women with and without tra1nsp|ants.9'10 However, other factors
may also play a role. Age likely plays only a minor role in the ob-
served pattern. The role of eGFR in this situation seems contro-
versial. The median value of eGFR was not different from women
without transplants in the reference interval of serum creatinine
due to the younger age of women with transplants. Nevertheless,
the increased creatinine concentrations were the primary reason
for the increased HE4 and ROMA values. However, the use of
recommended cutoff limits (to reveal the increased risk of ovar-
ian cancer) demonstrated that the frequency of positive results
in women with transplants was approximately 2 times higher than
in women without transplants, even within the subgroup with
normal renal function (serum creatinine in reference interval)
(Table 2). Therefore, the difference in the concentration of HE4
between women with and without transplants is determined by
factors other than decreased renal function. Four women with-
out transplants with the highest concentrations of HE4 were dia-
lyzed polymorbid patients who were on a waiting list for kidney
Tx. Therefore, their classification as nontransplant is correct, but
the very high concentration of creatinine is the primary cause of
the increased HE4.

4.2 | Case-control study

The purpose of our case-control study was to assess possible con-
founders in selected pairs of women and men matched by age and
serum creatinine, but not to use HE4 and ROMA for detection of
malignancies. HE4 increased with higher concentrations of serum
creatinine in women and men (Table 3 and Table S1). The differences
in HE4 between tertiles of serum creatinine were highly significant.
The relationship between HE4 and creatinine was more pronounced
than the relationship between HE4 and age (Figure 1 and Figure S1).
In women, CA125 was significantly higher only in the 3rd tertile of
serum creatinine compared to the 1st tertile. There was no relation-
ship between CA125 and creatinine in men.
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TABLE 4 Women: Case-control study
Serum creatinine <1.02 mg/dL Serum creatinine >1.02 mg/dL
N=72 N =130
P (Mann- P (Mann-
Non-Tx (N = 37) Tx (N = 35) Whitney test) Non-Tx (N = 64) Tx (N = 66) Whitney test)
CA125 (kU/L) 11.0(8.9-14.3) 16.8 (11.6-35.5) .0012 20.7 (12.5-30.5) 18.2(13.7-28.6) 4032
HE4 (pmol/L) 53.7 (45.7-75.8) 84.8 (64.0-112.2) .000 026 239.8 (155.4-428.5) 229.7 (160.5-431.8) 7321
Serum 0.84(0.79-0.91) 0.84(0.78-0.92) 7739 1.80 (1.42-3.05) 1.83(1.40-3.01) .8760
creatinine
(mg/dL)
Age (y) 46.0 (34.2-60.8) 46.0(32.0-62.8) .8658 58.0(48.5-66.0) 58.5 (47.0-65.0) .6632

HE4, human epididymis protein 4.

Measured and calculated parameters with respect to the upper reference limit for serum creatinine (1.02 mg/dL) in women with transplants (Tx) and
women without transplants (non-Tx). Divide by 0.01131 to convert creatinine from mg/dL to umol/L. Data are given as median (interquartile range).

TABLE 5 Women: Summary of clinical diagnoses

Non-Tx (N=101) Tx (N=101)
Anemia 20 46
Diabetes mellitus 34 42
Hyperlipidemia 42 37
Hyperparathyroidism 7 27
Hypertension 61 71
Hyperthyroidism 2 6
Hypothyroidism 22 27
Infection 17 27
Intestinal disease 8 8
Ischemic heart disease 18 13
Kidney disease 52 73
Liver disease 19 46
Lung disease 15 5
Tumor 10 9

P (Fisher exact P (Fisher
test) Non-Tx (N=37) Tx (N=35) exact test)
.00016 3 11 .017
.3093 10 12 .611
.5643 10 8 .788
.00 026 1 7 .026
1831 11 19 .0551
2791 0 2 .2328
5117 5 6 .7503
1244 5 10 1509
5 4 1
4353 3 1
.0036 4 15 .0029
.00008 6 23 .00 003
.0318 3 4 .7066
3 5 4727

The difference between women with and without transplants was tested using Fisher’s exact test. Data are given both for all women (N = 202) and for
subset of women (N = 72) with serum creatinine up to 1.02 mg/dL (90 pmol/L).

General risk factors for malignancies after kidney Tx include age
(below 18 years and above 34 years), male sex, Caucasian race, and
dialysis before Tx for 3 or more years. No significant role was noted
for BMI, type of initial immunosuppression or antibody induction.**
None of the listed risk factors (except for dialysis time, which was not
analyzed) differed significantly between non-Tx and post-Tx women
in our cohort. Groups were matched by age and creatinine, and all
women were Caucasian. None of the women with transplants exhib-
ited gynecological malignancy, and there was no relationship between
tacrolimus concentration and HE4. In contrast, post-Tx women ex-
hibited anemia, secondary hyperparathyroidism, and chronic kidney,
liver, or lung disorders more frequently (Table 5). There are likely other
possible factors that may have influenced the studied biomarkers (eg,
type of immunosuppressive agent, phase of menstrual cycle, hormonal

replacement therapy, and contraceptives). However, data in the litera-
ture are controversial.*22123 Specific reference ranges were published
for pregnant women.?*

It is advisable to measure serum creatinine or serum cystatin C
consistently to detect even mild kidney disease before examinations
of HE4, CA125, and ROMA are requested.'* The use of the CKD-EPI
equation played a limited role compared to that of serum creatinine,
which was likely because of the incorporation of age in the equation.
The clinical situation of the patient should always be analyzed. Risky,
polymorbid patients with chronic diseases and patients after solid organ
transplantation may display higher HE4 concentrations, even within the
reference values of serum creatinine and a younger age group.

An ultrasound in expert hands is a superior tool to tumor mark-
ers for the diagnosis and differential diagnosis of pelvic tumors in
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patients with increased serum creatinine levels (>1.02 mg/dL) and
in patients after transplant. The use of ultrasound becomes more
imperative in patients with comorbidities that influence CA125 and/
or HE4 concentrations in sera.?>?” The use of a universal equation
for the calculation of ovarian malignancy risk is questionable. HE4
values can hardly be interpreted without the knowledge of age,
menstrual status, serum creatinine, organ complications, hormonal
therapy and other medication, smoking status, body mass index and
possibly other, yet unidentified, factors.’%1128 Several ongoing pro-
spective randomised trials evaluate the diagnostic and prognostic
roles of HE4 in gynecological malignancies and other conditions.?’
However, the prognostic potential of HE4 can be diminished by
many confounding factors, while the data on diagnostic efficacy in

patients after solid organ transplantation are scarce.

5 | CONCLUSIONS

Serum creatinine influenced HE4 much more than age in women and
men. However, the concentration of HE4 was significantly higher
in polymorbid women after kidney, liver, pancreas, and heart trans-
plantation than in women without Tx, matched by age and serum
creatinine, even within the reference range of serum creatinine. The
concentration of tacrolimus exhibited no relationship with HE4 in
women or men. The universal use of HE4 and ROMA for screen-
ing purposes in polymorbid patients and patients after solid organ
transplantation is therefore questionable. Only the negative result
of ROMA could possibly serve as a filter for reducing the number of
unnecessary ultrasound examinations.

5.1 | Study limitations

We did not analyze menstrual status in paired women matched by
age and creatinine because we analyzed women and men. Some
younger women were on contraceptives, and older women used
hormonal replacement therapy. We were unable to analyze patient

medication in details, except immunosuppressant therapy.
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