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Abstract

Background Patients on chronic hemodialysis (HD) have an increased incidence of malignancy due to decreased immunity.
Soluble interleukin-2 receptor (sIL-2R), as an immunomodulator, seemed to have an effect in the process of malignancy. In
this study, we aimed to evaluate the clinical significance of increased sIL-2R in the course of malignancy among HD patients.
Methods Patients who undergoing chronic hemodialysis were followed for 24 months. Risk factors for malignancy events
and malignancy-related mortality during the 2-year follow-up period were investigated among various clinicopathological
variables.

Results Of the 363 patients included in this research, 47 patients (12.95%) had a prior history of treated malignancy. Dur-
ing the 2-year follow-up period, malignancy events were detected in 15 (4.12%) patients. Sixty-seven patients died during
the study period, of which nine patients (13.43%) were died of malignancy. Malignancy events reduced 2-year mortality
significantly (log-rank=23.02, P <0.0001). Both high sIL-2R levels (> 2-fold upper limit of the normal value) (OR 6.6,
P =0.006) and a prior history of treated malignancy (OR 4.12, P =0.018)were identified by multivariate logistic analysis as
independent determinants for malignancy events. However, only the levels of sIL-2R (used as a continuous variable) had the
significantly predictive effect on malignancy events and malignancy-related mortality in the following 2 years.
Conclusions Elevated sIL-2R levels was commonly seen in serum of HD patients. And this elevated level increased the risk
of malignancy. Aside from its role as a biomarker, sIL-2R may also exert biological effects in the course of malignancy.
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GGT y-Glutamyl transferase
LDH Lactate dehydrogenase

SCr Serum creatinine
UA Uric acid

f2-MG Beta-2-microglobulin
iPTH Intact parathyroid hormone
HbAlc Glycosylated hemoglobin

SD Standard deviation

IQR Interquartile range

ROC Receiver operating characteristic
OR Odds ratio

CI Confidence interval

Introduction

More and more evidences have proved that end-stage
renal disease (ESRD) patients undergoing hemodialysis
(HD) present a higher-than-normal cancer risk [1-4]. Both
uremic-related and dialysis-related immune dysfunction
may contribute to cancer susceptibility in these subjects.
Despite this, the issue of malignancy is usually ignored due
to its small portion contributing to incidence and mortal-
ity among ESRD patients on HD. And much less attention
and resources have been allocated to cancer management
compared to other complications, such as cardiovascular dis-
ease (CVD). However, with the improvement of survival in
HD patients, cancer incidence increases obviously in recent
years, which impose a large disease burden and an additional
financial burden on ESRD patients receiving HD. Though
the exact mechanisms responsible for this increased inci-
dence of malignancy have not been completely understood,
immune dysfunction related to uremia and dialysis plays an
important part in promoting malignancy formation and pro-
gression [5].

Interleukin-2 (IL-2) signaling, by binding to its recep-
tor—IL-2R, has an essential role in regulating immune func-
tions during various pathophysiological processes [6]. IL-2R
consists of three chains, termed alpha, beta and gamma
chains, respectively. Both IL-2R beta and gamma chains
are constitutively expressed, while IL-2R alpha chain is
expressed only after immunocyte activation. Soluble IL-2R
(sIL-2R) is a soluble form of IL-2R alpha chain cleaved
by proteolytic enzymes and shed from the cell surface into
circulation [7, 8]. Thus, the levels of sIL-2R may reflect the
status of immunity responses. Elevated sIL-2R levels have
been detected in a variety of diseases, such as autoimmune
and inflammatory disorders, transplant rejections, as well
as cancer (including leukemias, lymphomas, and malignant
solid tumors) [7].

Due to the pre-activated immune cells under the condi-
tions of uremic and dialysis [9—15], HD patients also present
a significantly higher level of sIL-2R by nearly 3-30 folds

@ Springer

compared with the general population [9-15]. However,
the presence of a large amount of sIL-2R in serum of HD
patients is just an immune biomarker or may exert some
biological effects remains unknown. In this study, we aimed
to access whether this increase in sIL-2R levels has a role
in the course of malignancy among ESRD patients treated
with chronic HD.

Methods and materials
Patient selection

ESRD patients receiving chronic HD treatment in Blood
Purification Center, Zhongshan Hospital, Fudan University,
were enrolled. Patients were excluded if they had the fol-
lowing situations prior to the enrollment: (1) < 18 years of
age, (2) hematologic disease, (3) human immunodeficiency
virus infection, (4) autoimmune disease, (5) use of immu-
nosuppressive agents, (6) history of transplantation, (7)
recent infections within 3 months before enrolling into the
study, and (8) patients without a prior history of malignancy
showed evidence of cancer, or patients with a prior history
of malignancy after radical resection showed recurrence or
metastasis of their disease.

This study was started from September 2016, and since
then cytokines tests have been routinely performed in our
blood purification. All eligible patients were followed
prospectively until October 2018. The follow-up program
included chest X-ray and ultrasonography every 6 months.
Patients transferred to other centers or received kidney trans-
plantation during the follow-up period were not included
in the final analysis. This study was approved by the Eth-
ics Committee of Zhongshan Hospital, Fudan University
(Approval Number: B2013-139). Written informed consents
were obtained from all eligible patients.

End-point and its evaluation

The primary end-point was malignancy events during the
2-year follow-up period. Malignancy events were defined as
follow: (1) new-onset cancer in patients without a prior his-
tory of malignancy; or (2) cancer recurrence or metastasis in
patients with a prior history of treated malignancy. Evidence
of malignancy was identified by radiological investigations
or histological examinations if necessary. Once evidence of
malignancy was confirmed, malignancy events free time was
defined as the time from enrollment to malignancy events
detected. Deaths during follow-up period without evidence
of malignancy were censored. Patients alive at the end of this
study were also censored.
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Hemodialysis protocol

Our blood purification center has a leading position in
China as described elsewhere [16]. ESRD patients in our
blood purification center received HD three times/week
for 4 h/session or two times/week for 5 h/session depend-
ing on their residual renal function. Patient were treated
with standard bicarbonate dialysate (Na™: 138.0 mmol/L,
K*: 2.0 mmol/L, Ca**: 1.2 5 mmol/L, Mg?>*: 0.5 mmol/L,
HCO;™: 32.0 mmol/L) by low-flux dialyzers (membrane
area: 1.4 m?) with synthetic membranes [17]. The dialysis
water quality met the standards required by Association for
the Advancement of Medical Instrumentation and was exam-
ined every month.

Data collection

Demographic characteristics including age, gender, body-
mass index (BMI), primary kidney disease, vascular access
for dialysis, dialysis vintage, daily urine volume and eryth-
ropoietin-stimulating agent (ESA) dosage per week were
collected for all patients. BMI was defined as the weight in
kilograms divided by the height in meters squared. Dialysis
vintage was calculated from the date of the first dialysis and
the onset of data collection. Single-pooled Kt/V (spKt/V)
was calculated based on the reduction in the serum urea
concentration during dialysis and calculated by the Daugir-
das formula [18].

Blood samples were obtained at the beginning of the
study. Laboratory indexes including cytokines [tumor necro-
sis Factor o (TNF-a), IL-1p, sIL-2R, IL-6, IL-8, IL-10],
blood cell counts (neutrophils, lymphocytes and monocytes),
hemoglobin, red blood cell distribution width (RDW), high-
sensitivity C-reactive protein (hsCRP), albumin, globulin,
alkaline phosphatase (AKP), y-glutamyl transferase (GGT),
lactate dehydrogenase (LDH), serum creatinine (SCr), uric
acid (UA), beta-2-microglobulin (f2-MG), intact parathy-
roid hormone (iPTH), iron, ferritin, epoetin, vitamin B,,
folic acid and glycosylated hemoglobin (HbA1c) were meas-
ured. Cytokines in our hospital were determined by chemilu-
minescent quantitative measurement using the IMMULITE
1000 kits (Siemens Healthcare Diagnostics, UK) on the
IMMULITE 1000 analyzer. The reference value of serum
sIL-2R level in our hospital was 223—710 U/mL.

Patient grouping and stratification

In our previous study, we showed that sIL-2R had potential
value in patient outcomes, and the optimal cut-off value was
nearly twofold of the normal upper limit value. So, patients
were stratified into 2 groups, that is, high sIL-2R group with

sIL-2R >twofold of the normal upper limit value (710 U/
mL), and low sIl-2R group with sIL-2R < twofold of the
normal upper limit value.

Statistical analyses

Quantitative data were expressed as means + standard devia-
tions (SDs) or medians with interquartile ranges (IQRs). Dif-
ferences in continuous variables were assessed by Student’s ¢
test if normally distributed or Mann—Whitney rank sum test
if skewed. Categorical data were presented as numbers and
percentages (%). Differences between categorical variables
were compared by Pearson’s Chi-square analysis or Fisher’s
exact test if necessary. Risk factors related to malignancy
were estimated by logistic regression model. Receiver oper-
ating characteristic (ROC) plots were used to evaluate the
predictive performance among variables of interest. Overall
survival was calculated from the date of enrollment to death
or the last date of follow-up. Survival distribution of patients
was estimated by the Kaplan—-Meier method and compared
by the log-rank test.

All analyses were performed using STATA version 12.0
(Stata Corporation, College Station, TX). P values <0.05
denoted statistical significance.

Results
Study population

363 patients (221 males and 142 females) undergoing
chronic hemodialysis were included in the study. All surviv-
ing patients had a follow-up period of 24 months. None was
lost during this period. The average age was 61.12+13.55
(range 26-88) years with a median dialysis duration of 4.63
(2.39, 7.47) years prior to the study.

Table 1 The underlying causes of kidney disease

Disease causes Patient number (%)

Glomerulonephritis 191, 52.62%
Nephrosclerosis 8,2.20%
Diabetes mellitus 72, 19.83%
Hypertension 29, 7.99%
Polycystic kidney disease 35, 9.64%
Urolithiasis 5, 1.38%
Gouty nephropathy 4,1.10%
Obstructive uropathy (irrelevant to malignancy) 3, 0.83%
System disease (e.g., vasculitis, amyloidosis) 3, 0.83%
Nephrotoxic substance induced nephropathy 3,0.83%
Single kidney after nephrectomy 10, 2.75%
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The underlying causes of kidney disease are listed in
Table 1. The first three main causes of kidney diseases in this
study were glomerulonephritis (52.62%), diabetes mellitus,
(19.83%) and polycystic kidney disease (9.64%). There were
47 patients (12.95%) had a prior history of malignancy, and
40.43% (19 patients) of which were urologic tumors. The
median level of sIL-2R in this study was 1277 (1061, 1555)
U/mL. 353 patients (97.25%) had a higher level of sIL-2R
than the upper limit of the normal range (223-710 U/mL).

Malignancy events and its prognosis

During the 2-year follow-up period, malignancy events were
detected in 15 patients (4.12%). Of these 15 patients, six
patients (40%) had a prior history of malignancy. Patients
with a prior history of malignancy had a higher incidence of
malignancy events compared to those without a prior history
of malignancy (12.77% vs. 2.85%, y*=10.16, P=0.001).
The median malignancy events free time was 11.43 (8.73,
18.63) months. There was no significant difference between
patients with [11.77 (7.86, 18.80) months] or without [11.43
(8.76, 17.73) months] a prior history of malignancy in terms
of malignancy events free time (P=0.8137). Details of
malignancy events are listed in Table 2.

Demographic and laboratory characteristics were com-
pared between patients with or without malignancy events
(Table 3). In the group of patients developed malignancy
events, more patients had a prior history of malignancy
(P=0.001). The dosages of ESA provided were larger
(P=0.0479). The levels of sIL-2R (P =0.0002) and GGT
(P=0.0017) were also higher as compared with patients

had no malignancy events during the same follow-up period.
However, there were no significant differences in terms of
other clinical parameters.

67 patients died during the study period. 13.43% (9
patients) of these deaths were due to malignancy. Of them,
three cases had a prior history of malignancy. Patients had
malignancy event during the follow-up period were at a
higher risk of death as compared with those had no such
experience. Two-year mortality was significantly reduced
in patients with malignancy events (log-rank =23.02,
P <0.0001) (Fig. 1).

Factors related to malignancy risk

Risk factors for malignancy events were evaluated among
patient demographic characteristics and several laboratory
factors. sIL-2R > twofold of the normal upper limit value
(710 U/mL) was regarded as high sIL-2R, whereas it was
regarded as low sIL-2R. Univariate analysis revealed that
high sIL-2R (used as a dichotomous variable), hemoglobin,
GGT and a prior history of malignancy were significant pre-
dictors for malignancy events. However, only high sIL-2R
level (OR 6.6, P=0.006) and a prior history of malignancy
(OR 4.12, P=0.018) were identified as independent deter-
minants in multivariate analysis (Table 4).

ROC analyses were used to access the performances
of sIL-2R and a prior history of malignancy in predicting
malignancy events and malignancy-related mortality in
the following 2 years. Only sIL-2R (used as a continu-
ous variable) showed the significantly predictive effect
on these two outcomes (Fig. 2). The AUC for malignancy

Table 2 Malignancy events in
patients with or without a prior
history of treated malignancy

Malignancy events (N=15)

Time to malig-
nancy events
(month)

Malignancy events in patients with a prior history of treated malignancy ——cancer

11.77 (7.86, 18.80)

history before enrolment (N=6, 12.77%)

Hepatic metastasis 1.24 years after colon cancer (n=1) 19.30

Lung metastasis 1.75 years after colon cancer (n=1) 8.73
Recurrence 7.34 years after bladder cancer (n=1) 9.20
Recurrence 8.85 years after liver cancer (n=1) 14.33
Secondary bladder cancer: 7.50 years after renal caner (n=1) 18.63
Secondary thyroid cancer: 12.32 years after renal cancer (n=1) 5.23

Malignancy events in patients without a prior history of malignancy (N=9, 2.85%) 11.43 (8.76,17.73)

Lung cancer (n=2) 10.63/16.30
Mediastinal tumor (n=1) 12.23
Leukemia (n=1) 19.17
Lymphoma (n=1) 22.83

Renal carcinoma (n=1) 9.57

Colon adenocarcinoma (n=1) 7.17

Breast cancer (n=1) 1143

Brain cancer (n=1) 7.97
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Table 3 Comparisons between patients with or without malignancy events
Total (N=363) With malignancy event Without malignancy event P value
(N=15,4.13%) (N=348, 95.87%)

Demographic characteristics
A prior history of malignancy, N (%) 47 (12.95%) 6 (40%) 41 (11.78%) 0.001
Age (years) 62 (53, 70) 65 (58, 74) 61 (53, 70) 0.2419
Male, N (%) 221 (60.88%) 9 (60.00%) 212 (60.92%) 0.943
BMI (kg/m?) 22.49 (20.70, 24.84) 22.36 (20.67, 24.40) 22.50 (20.67, 24.85) 0.9561
Infection of hepatitis, N (%) 29 (7.99%) 1 (6.67%) 28 (8.05%) 1.000
Diabetes, N (%) 103 (28.37%) 3 (20.00%) 100 (28.74%) 0.570
ESRD due to CGN, N (%) 191 (52.62%) 8 (53.33%) 183 (52.59%) 0.955
Presence of anuria, N (%) 261 (71.90%) 12 (80.00%) 249 (71.55%) 0.571
HD three times/week, N (%) 337 (92.84%) 14 (93.33%) 294 (92.82%) 0.939
Dialysis vintage, years 4.63 (2.39, 7.47) 3.45(2.93,4.70) 4.66 (2.38, 7.49) 0.3227
AVF access use, N (%) 297 (81.82%) 14 (93.33%) 283 (81.32%) 0.324
spKt/V 1.29 (1.14, 1.46) 1.29 (1.16, 1.33) 1.28 (1.14, 1.47) 0.8052
ESA dosage (units/week) 11,343. 67+£5592.76 14,138.93 +5355.55 11,223.18 +5578.67 0.0479

Laboratory characteristics
sIL-2R (U/ mL) 1277 (1061, 1555) 1650 (1432, 2020) 1261.5 (1055.5, 1534) 0.0002
TNF-a (pg/mL) 33.4(22.8,59.3) 442 (29.8,58.4) 32.95 (22.6, 59.45) 0.1934
IL-1pB (pg/mL) 19 (5, 81.9) 22.1 (14, 160) 18.55 (5, 79.43) 0.2855
IL-6 (pg/mL) 9.8(4.4,414) 13.2(6.2,98.7) 9.7 (4.23,39.33) 0.2440
IL-8 (pg/mL) 141 (27.1,979) 228 (94.7, 2844) 138 (25.8, 956.25) 0.1371
IL-10 (pg/mL) 5(,5) 55,95 5(,95) 0.0606
Neutrophil count (1 x 10°/L) 42(3.3,52) 42(29,54) 4.2(3.3,5.18) 0.8801
Lymphocyte count (1 x 10°/L) 1.2 (1, 1.6) 1.1(0.7,1.7) 1.2 (1, 1.6) 0.4035
Monocyte count (1x 10°/L) 0.51 (0.39, 0.67) 0.61 (0.35, 0.67) 0.51 (0.39, 0.67) 0.6294
Hemoglobin (g/L) 115 (105, 123) 110 (104, 117) 115 (105, 123) 0.1508
RDW (%) 14.1 (13.3, 15) 14.2 (13.7,16.1) 14 (13.3, 14.9) 0.2170
hsCRP (mg/L) 39(14,10.3) 4.7(2.5,15.7) 3.8(14,10.3) 0.1477
Albumin (g/L) 39 (37,41) 39 (36, 42) 39(37,41) 0.2821
Globulin (g/L) 32 (29, 35) 32 (31, 35) 32(29, 35) 0.4369
AKP (U/L) 72 (57,92) 92 (59, 115) 71 (57,91) 0.0775
GGT (U/L) 20 (13, 33) 35 (19, 64) 20 (13, 31) 0.0017
LDH (U/L) 345 (277, 456) 397 (319, 474) 344 (277, 454) 0.2446
SCr (pmol/L) 1000.93 +273.80 1027.93+274.70 999.77 +274.10 0.6971
UA (pmol/L) 436 (382, 496) 455 (425, 501) 436 (382, 495.75) 0.4389
B2-MG (mg/L) 38.96 (32.99, 43.18) 38.64 (38, 46.89) 38.97 (32.89, 43.09) 0.1531
iPTH (pg/mL) 264.2 (150.7, 408.1) 230.5 (79.4, 281.6) 268.6 (151.33, 408.33) 0.3676
Iron (pmol/L) 12.1 (8.63, 16.3) 11.5(8.2,14.4) 12.1 (8.65, 16.4) 0.3548
Ferritin (ng/mL) 248.4 (89.8, 446.5) 112.4 (54.2,499.3) 250.6 (93.93, 434.44) 0.3548
Epoetin (mIU/mL) 19.1 (13.3,33.1) 16.2 (14.9, 48.8) 19.1 (13.18, 33.03) 0.5366
Vitamin B, (pg/mL) 574.1 (426.6, 1020) 604.7 (459.8,2000) 571.4 (423.85, 1016.25) 0.5520
Follic acid (ng/mL) 5.6 (4.1, 8.8) 4.6 (4,10.6) 5.6 (4.1, 8.78) 0.7362
HbAlc (%) 5.6 (5.28,6.1) 5.8(5.1,6.3) 5.6(5.3,6.1) 0.7276

Prognosis
All-cause death, N (%) 67 (18.46%) 9 (60.00%) 58 (16.67%) <0.0001
2-Year mortality (%) 82.64% 40% 84.48% <0.0001

BMI body-mass index, ESRD end-stage renal disease, CGN chronic glomerulonephritis, HD hemodialysis, AVF arteriovenous fistula, ESA eryth-
ropoietin-stimulating agent, s/L-2R soluble interleukin-2 receptor, TNF-a tumor necrosis Factor «, /L interleukin, RDW red blood cell distribu-
tion width, AsCRP high-sensitivity C-reactive protein, AKP alkaline phosphatase, GGT y-glutamyl transferase, LDH lactate dehydrogenase, SCr

serum creatinine, UA uric acid, f2-MG beta-2-microglobulin, iPTH intact parathyroid hormone, HbA Ic glycosylated hemoglobin
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Log-rank = 23.02, P < 0.0001

Cumulative survival rate (%)
25 50

---------- without malignancy event

o 4 ——— with malignancy event

0 3 6 9 12 15 18 21 24
Number at risk Follow-up time (month)

without malignancy event 348 345 337 328 320 314 307 297 294
with malignancy event 15 15 13 13 10 9 9 6 6

Fig.1 Kaplan—Meier survival curves for patients with or with-
out malignancy events during the 2-year follow-up period. Patients
with malignancy events exhibited a significantly decreased survival
compared to those without malignancy events (log-rank=23.02,
P <0.0001)

events was 0.7889 (95% CI 0.6996, 0.8782), and the
optimal cut-off value was 1539 U/mL with a sensitiv-
ity of 73.33% and specificity of 75.29%. The AUC for
malignancy-related mortality was 0.8544 (95% CI1 0.7787,
0.9300), and the optimal cut-off value was 1648 U/mL
with a sensitivity of 88.89% and specificity of 81.36%.
There was no significant difference in the baseline
level of sIL-2R between patients with [1340 (1093,
1637) U/mL] or without [1268 (1059.5, 1550.5) U/mL]
a prior history of malignancy (P =0.4532). In patients
suffered from malignancy events, the baseline level of
sIL-2R also was comparable between patients with [1591
(1417, 1787.5) U/mL] or without [1796 (1475, 2055.5)
U/mL] a prior history of malignancy (P =0.4094). How-
ever, patients suffered from malignancy events or died of
malignancy were at a significantly higher baseline level
of sIL-2R than those had no such experience. And this
conclusion remained unchanged, no matter in patients
with or without a prior history of malignancy (Fig. 3).

Discussion

Malignancy is a global issue. According to the Cancer sta-
tistics in China, the incidence rate in 2015 was 201.1 per
100,000 [19, 20]. In patients on chronic HD, this incidence
is increased. Several studies have reported a higher risk of
malignancy in HD patients than that in the general popula-
tion [4, 21, 22]. In this study, we also observed the incidence
of malignancy events during the 2-year follow-up period was
extremely high (4.12%) compared to the general popula-
tion, especially in those with a prior history of malignancy
(12.77%). Even in those without a prior history of malig-
nancy, this incidence was not rare and was nearly 1.5% per
year, which was comparable to other studies [3, 23]. About
13.43% of deaths were related to malignancy. In patients
who suffered from malignancy events during the follow-up
period, overall survival was significantly decreased as com-
pared to that in those had no such experience. Obviously,
malignancy events will significantly reduce patient survival.
In patients on dialysis, cancer contributes to an increased
risk of non-vascular death [24] and has become the third
leading cause of death next to CVD and infection in some
district [25].

Cancer is an important cause of morbidity and mortality
worldwide. It is wildly acknowledged that cancer—-immune
interactions play a crucial role in malignancy occurrence
and progression. Cancer cell may make use of some regu-
lative mechanisms to evade immune response and assure
it has an optimal environment for growth [7]. Failure of
the host immune system to detect and destroy transformed
cells timely may result in uncontrollable proliferation and
cancer progression [26]. Some immunological conditions
may promote malignancy growth by inhibiting anticancer
responses of the immune system [27, 28]. As described in
several studies, immune dysfunction is a remarkable char-
acter of ESRD patients treated with HD due to the pres-
ence of persistent uremia status and the dialysis treatment
itself [29-32]. This weakened immune system may result in
reduced host immune surveillance and favor cancer initiation
and progression [5].

Table 4 Logistic regression
analysis of risk factors related to
malignancy events

Variables Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value
sIL-2R (high=1; low=0) 7.14 (1.98, 25.77) 0.003 6.6 (1.71,25.77) 0.006
A prior history of malignancy 4.99 (1.69, 14.75) 0.004 4.12 (1.27, 13.30) 0.018
(yes=1; n0o=0)
Hemoglobin per 1 g/L increase 0.97 (0.94, 0.99) 0.024 0.99 (0.96, 1.02) 0.384
GGT per 1 U/L increase 1.01 (1.00, 1.01) 0.012 1.01 (1.00, 1.02) 0.055

sIL-2R soluble interleukin-2 receptor, GGT transglutaminases, OR odds ratio, CI confidence interval
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ROC curve for predicting malignancy events
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Fig.2 ROC curves for sIL-2R in predicting malignancy events and
malignancy-related mortality in HD patients. The AUC for malig-
nancy events was 0.7889 (95% CI 0.6996, 0.8782), and the optimal
cut-off value was 1539 U/mL with a sensitivity of 73.33% and speci-
ficity of 75.29%. The AUC for malignancy-related mortality was
0.8544 (95% CI 0.7787, 0.9300), and the optimal cut-off value was
1648 U/mL with a sensitivity of 88.89% and specificity of 81.36%

Elevated sIL-2R levels have been noted in a variety of
disorders, including autoimmune diseases, inflammatory
diseases, graft-versus-host diseases and cancers [7]. ESRD
patients treated with chronic HD also presented a higher
level of sIL-2R. Several researches have proven that elevated
sIL-2R is prevalent among HD patients. Over 95% of HD
patients have increased levels of sIL-2R by nearly 3-30 folds
as compared to those in healthy individuals [9-15]. Eleva-
tion of sIL-2 levels in HD patients is related not only with
the decreased renal clearance, but more importantly with
the increased production [33]. As showed in previous stud-
ies, several factors may lead to an increase of sIL-2R in
uremic patients treated with HD, such as patient-related fac-
tors, including patient characteristics, concomitant illnesses,
inflammatory-nutritional status and the degree of immune
activation. Besides, treatment-related factors, includ-
ing exposure to cytokine-inducing substances in impure
dialysate, as well as the bio-incompatibility of dialyzer and
its pipeline during the dialysis session, also contribute to
the increase in sIL-2R production [34, 14, 11, 35]. These
abnormal amounts of sIL-2R in circulation may induce an
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Fig.3 Comparisons of the baseline sIL-2R levels in patients with
different situations. The baseline levels of sIL-2R were compara-
ble between patients with or without a prior history of malignancy
(P=0.4532). However, patients suffered from malignancy events or
died of malignancy always showed a significantly higher baseline
level of sIL-2R. The boxes depicted the means (cross lines), medi-
ans (middle lines), 25th (bottom lines) and 75th (top lines) percentiles
values; whereas the bars represented the intervals between the maxi-
mum and minimum values
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imbalance of the IL-2/IL-2R system and interfere with IL-
2-dependent functions.

In our previous study, we have evaluated the potential
value of increased sIL-2R in HD patients. Results revealed
that this increased level of sIL-2R had potential value in
patient outcomes. Since sIL-2R is an immunomodulatory
cytokine, in the present study, we aimed to further explore
the effects of increased sIL-2R in the course of malignancy
among HD patients. Our results showed that several factors
may predispose HD patients to malignancy events. A prior
history of malignancy is the main risk, largely due to the
presence of undetected residual disease. Besides, patients
suffered from malignancy events during the follow-up period
seemed to have received a larger dosage of ESA treated for
anemia and present a higher baseline level of GGT. ESA, as
a pleiotropic growth factor, has an anti-apoptotic action on
both normal and malignant cells [36]. Chronic ESA treat-
ment may exhibit an adverse effect of on the management
of cancer growth and progression. As for GGT, which is a
marker of oxidative stress, also has been reported to be rel-
evant to cancer risk [37]. However, among a variety of clini-
cal parameters, only sIL-2R was identified as an independent
determinant for malignancy events and showed a predicting
power in malignancy-related mortality for patients treated
with HD.

During the past 30 years, sIL-2R has gained much interest
in cancer [7]. The concentrations of sIL-2R are significantly
higher in patients with hematological and non-hematolog-
ical malignancy, compared to those in general population
[38]. In hematological disorders, sIL-2R is predominantly
of lymphoproliferative origin [39, 40]. In patients with
solid tumors, its source is more complex. It may be the
consequence of augmented release from activated immune
cells in response to malignant transformed cells; or may
be shed from the surface of cancer cells themselves, such
as melanoma cells [41], lung cancer cell [42], esophageal
squamous cell [43], and colorectal cancer cells [44], etc.
Moreover, some proteinases, such as matrix metalloprotein-
ase (MMP)-9 in cancer microenvironment seem to have the
ability of cleaving IL-2R alpha chain, thus contributing to
the increased production of sIL-2R in circulation [45]. sIL-
2R levels increase in patients with disseminated cancers,
whereas keep in a stable range in those with locally limited
lesions [46]. Hence, the level of sIL-2R may be helpful to
reflect disease burden, activity and progression [7]. Numer-
ous studies have regarded sIL-2R as a valuable cancer-
related biomarker for various types of malignant disorders
[47, T]. However, considering the immunological effect of
sIL-2R, it is possible that sIL-2R may have a biological role
in cancer process.

Theoretically, sIL-2R may present inhibitory effects,
immunostimulatory effects or no effect on immune response.
The possible underlying mechanisms of the above functional
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effects can be summarized as follow: sequestration of IL-2
from the membrane receptor [8], protection of IL-2 from
degradation [48] and induction of conformational change
in IL-2 [49]. In the process of cancer immunoediting, sup-
pression of IL-2R signaling [8], activation of cancer-friendly
CD4 + Treg cells [50, 51], inhibition of anticancer activity of
cytotoxic CD8 T cells [50], as well as stimulation of cancer
cell proliferation [7, 40, 52, 53] were reported to be associ-
ated with sIL-2R release, which suggested that increased
sIL-2R promoted immunosuppression and immune toler-
ance to malignant transformed cells [50, 54]. Our study also
showed that elevated sIL-2R was commonly seen in serum
of HD patients with a median level of 1277 (1061, 1555)
IU/mL. And this elevated level of sIL-2R was significantly
related to an increased risk of malignancy in the following
days. In patients with a prior history of malignancy, sIL-2R
seemed to facilitate cancer relapse and metastasis. And in
those without a prior history of malignancy, sIL-2R also
seemed to have created a suitable environment for cancer
cells to settle. Though the exact role of sIL-2R in the course
of malignancy is not yet fully be elucidated, it is most likely
to block IL-2- dependent anticancer immunity by binding it.

Since increased IL-2R level in HD patients is correlated
with the degree of uremia, anemia, nutrition and inflam-
matory as showed in previous study [12, 55], efforts on
eliminating risk factors that probably influence the level of
sIL-2R, such as correcting nutritional-inflammatory abnor-
malities, as well as improving the quality of dialysis therapy
(e.g., increasing the dose of dialysis, using high-flux dialyzer
with more biocompatible membrane and providing ultrapure
dialysate for dialysis) may lead to a fall in sIL-2R concentra-
tion. However, whether these improvements can reverse the
impaired immune response remains unclear.

In this study, patients who had a prior history of malig-
nancy after radical resection but showed no evidence of
recurrence or metastasis at the enrollment were enrolled. It
was possible that recurrences or metastases already existed
in some of these patients before the enrollment, since they
presented a higher baseline level of sIL-2R. But this level
was comparable to that in patients without a prior history
of malignancy. Potential lesions probably existed in both
groups, but these lesions might be too small to be detected
by the routine cancer screenings, such as physical examina-
tions, X-ray and ultrasound tests. At least, we did not find
any malignant lesions at the sites of liver, lung, urinary tract,
etc., before the enrollment in this study. Thus, all patients
were included and analyzed to detected “clinically apparent”
malignancy events during the follow-up period.

Increased sIL-2R was not just an indicator for potential
lesions, more importantly, the its persistent existence in
serum presented an ideal environment for cancer growth,
relapse and metastasis, thus leading to an increased risk of
malignancy in the following days, especially in patients with
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a prior history of malignancy. Cancer screening bias could
exist in this group, despite the uniform follow-up programs
for all patients. Nevertheless, sIL-2R consistently showed
the effects on malignancy risk, no matter in patients with or
without a prior history of malignancy. In view of the effect of
sIL-2R on malignancy-related risk, a more frequent obser-
vation and a selective cancer screening are recommended
for patients at a high level of sIL-2R, especially those had
a prior history of malignancy. Since this study is limited
by the small sample size from a single institution, further
validation from multicenter with a larger cohort and a longer
follow-up is warranted to confirm the significance of sIL-
2R in the course of malignancy. Besides, whether elevated
sIL-2R has different effects on oncogenesis and metastasis;
or whether it plays a different role in hematological and non-
hematological malignancies also need further investigations.

Regardless the limitations, our data suggests that elevated
level of sIL-2R was prevalent in HD patients, which pro-
vided an optimal environment for cancer formation and pro-
gression. sIL-2R is not just a biomarker, it may also exert
biological effects in the course of cancer and contributed to
an increased risk for malignancy. So, sIL-2R may be used as
a therapeutic target. Efforts on correction of sIL-2R levels
may be helpful but need evaluated by further studies.
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