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Abstract 

Background Chronic kidney disease (CKD) is highly connected to inflammation and oxidative stress. Both favour 
the development of cancer in CKD patients. Serum apolipoprotein A‑IV (apoA‑IV) concentrations are influenced 
by kidney function and are an early marker of kidney impairment. Besides others, it has antioxidant and anti‑inflam‑
matory properties. Proteomic studies and small case–control studies identified low apoA‑IV as a biomarker for various 
forms of cancer; however, prospective studies are lacking. We therefore investigated whether serum apoA‑IV is associ‑
ated with cancer in the German Chronic Kidney Disease (GCKD) study.

Methods These analyses include 5039 Caucasian patients from the prospective GCKD cohort study followed for 6.5 
years. Main inclusion criteria were an eGFR of 30–60 mL/min/1.73m2 or an eGFR > 60 mL/min/1.73m2 in the presence 
of overt proteinuria.

Results Mean apoA‑IV concentrations of the entire cohort were 28.9 ± 9.8 mg/dL (median 27.6 mg/dL). 615 patients 
had a history of cancer before the enrolment into the study. ApoA‑IV concentrations above the median were associ‑
ated with a lower odds for a history of cancer (OR = 0.79, p = 0.02 when adjusted age, sex, smoking, diabetes, BMI, albu‑
minuria, statin intake, and  eGFRcreatinine). During follow‑up 368 patients developed an incident cancer event and those 
with apoA‑IV above the median had a lower risk (HR = 0.72, 95%CI 0.57–0.90, P = 0.004). Finally, 62 patients died 
from such an incident cancer event and each 10 mg/dL higher apoA‑IV concentrations were associated with a lower 
risk for fatal cancer (HR = 0.62, 95%CI 0.44–0.88, P = 0.007).

Conclusions Our data indicate an association of high apoA‑IV concentrations with reduced frequencies of a history 
of cancer as well as incident fatal and non‑fatal cancer events in a large cohort of patients with CKD.
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Graphical Abstract

Introduction
Chronic kidney disease (CKD) is a common disease, 
resulting in about 1–2 million deaths per year worldwide 
and is expected to be the fifth leading cause of death by 
2040. Apart from the risk of kidney failure, CKD is asso-
ciated with an increased cardiovascular morbidity and 
mortality [1].

The second leading cause of death worldwide is cancer 
[2]. The risk of cancer is significantly higher in all stages 
of kidney disease compared to the general population 
[3, 4]: there are multifactorial causes for this increased 
risk depending on cancer site, cause of CKD or immune 
dysregulation caused by chronic uraemia. Some cancer 
treatments also have a negative influence on kidney func-
tion [2, 3]. Systemic inflammation and oxidative stress 
are both conditions highly connected to kidney dysfunc-
tion [5] and can promote the development of cancer 
[6]. Furthermore, an insufficient symptom recognition 
in CKD patients results in a delayed cancer diagnosis at 
more advanced stages with an increased cancer mortal-
ity. Therefore early detection is essential to improve can-
cer outcomes in these patients [4, 7].

Apolipoprotein A-IV (apoA-IV) is a 46 kDa glycopro-
tein mainly produced in enterocytes of the small intestine 
[8]. It serves as one of the structural proteins of chylomi-
crons, VLDL and HDL or is found to be unbound to 
lipoproteins [9–11]. ApoA-IV binds to cells, promotes 

cholesterol efflux and is involved in reverse cholesterol 
transport [12]. It has antiatherogenic, antioxidant as 
well as antithrombotic and anti-inflammatory properties 
[13–16]. For example, experimental mouse models dem-
onstrated that apoA-IV significantly modified and atten-
uated inflammation [14, 15].

The concentrations of apoA-IV are markedly increased 
in CKD, particularly in patients with kidney failure on 
dialysis [13]. ApoA-IV is filtered by the glomerulus and 
reabsorbed by proximal tubular cells [17]. It was found 
to be an early marker of kidney impairment and to pre-
dict the progression of CKD [18, 19]. Moreover, low 
apoA-IV was found to be associated with cardiovascu-
lar disease in the non-CKD population [20, 21] as well 
as with increased mortality and cardiac outcomes in 
CKD patients [22, 23]. The increase of apoA-IV in CKD 
patients who have overall a high cardiovascular disease 
rate is at the first glance counterintuitive. However, the 
increase is explained by an impaired filtration capac-
ity and it might counteract the high oxidative stress and 
inflammatory burden of these patients.

Several proteomics studies identified low apoA-IV to 
be associated with various forms of cancer (Supplemen-
tary Table 1). Only few of them validated these findings 
by quantitative methods such as ELISA and if so, it has 
been done in small case–control studies [24–31] but 
no prospective studies. We therefore analysed in the 
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prospective German Chronic Kidney Disease (GCKD) 
study whether serum apoA-IV concentrations are associ-
ated with a history of cancer as well as incident cancer 
events in this cohort of CKD patients at high risk for 
cancer.

Materials and methods
German Chronic Kidney Disease (GCKD) study
The GCKD study includes 5217 carefully phenotyped 
Caucasian CKD patients recruited between 2010 and 
2012 who were under regular care by nephrologists. 
It is an ongoing multicentre prospective cohort study. 
The study design and detailed characteristics have been 
published [23, 32, 33]. The study aimed to enrol patients 
with mild to severe CKD mostly in stage G3: that means 
an estimated glomerular filtration rate (eGFR) of 30–60 
mL/min/1.73m2 (KDIGO stage G3, A1-3) or an eGFR 
of > 60 mL/min/1.73m2 in the presence of overt albumi-
nuria defined by a urine albumin creatinine ratio (UACR) 
of > 300 mg/g or equal amounts of proteinuria (KDIGO 
stage G1-2, A3). Non-Caucasian ethnicity, solid organ or 
bone marrow transplantation, active malignancy within 
24 months before screening, New York Heart Association 
stage IV heart failure, legal attendance, or inability to pro-
vide consent were exclusion criteria. At baseline, blood 
and urine samples were collected by trained personnel, 
processed, and sent on dry ice to a central biobank. Rou-
tine laboratory parameters were measured centrally [33]. 
eGFR was estimated using the CKD-EPI formula [34].

Each participant provided written informed consent, 
and all methods were performed in accordance with 
approved guidelines and the Declaration of Helsinki. The 
study was approved by the ethics committees of each 
study center and registered in the national registry for 
clinical studies (DRKS 00003971). Data are collected and 
managed using Askimed (https:// www. askim ed. com) as a 
cloud-based web platform.

Patients are followed on a yearly basis by trained per-
sonnel who collect data on hospitalisations, outcome 
events and recent medical history using a structured 
interview. Any hospital discharge reports are collected 
from the treating physicians and/or hospitals. Endpoints 
are continually extracted from these reports by an end-
point committee.

Definition of outcomes
Incident cancer events included non-fatal and fatal can-
cer events. They were categorised in the groups renal 
tract cancers (kidney, bladder, urothelial cancer), male 
cancers (prostate cancer, others), female cancers (e.g. 
breast, cervix, uterus, ovary), cancer of digestive system 
(oesophagus, stomach, small intestine, colon, rectum), 
skin cancer (melanoma, squamous cell carcinoma but 

no basal cell carcinoma), lung cancer, haematological 
cancers (lymphoma, leukaemia, multiple myeloma, and 
other malignant haematological conditions), cancers 
of the abdominal solid organs (liver, gallbladder, biliary 
tract, pancreas, other digestive organs), other cancers and 
cancers of unknown origin. Incident cancer events were 
events newly occurring during follow-up excluding those 
with a history of cancer (i.e. type of cancer that occurred 
the first time more than 24 months before the screening 
for the study). For the present analyses, prospectively col-
lected endpoints are taken from the 6.5-year follow-up 
with data export from October 8, 2020. Details and fre-
quencies of these main cancer groups are given in Sup-
plementary Table 2. Fatal cancer events were investigated 
as an additional endpoint.

History of cancer more than two years before the 
enrolment into the study was collected by interview and 
patient discharge information and the retrospective col-
lection of this information had not the level of standardi-
zation as the collection of the incident events.

Measurement of apoA‑IV serum concentrations
Serum apoA-IV concentrations were measured at the 
Medical University of Innsbruck with a double-antibody 
ELISA using an affinity-purified polyclonal rabbit anti-
human apoA-IV antibody for coating. This antibody 
coupled to horseradish peroxidase was used for detec-
tion. Serum with a known content of apoA-IV served as 
the calibration standard. Patient samples were diluted 
1:12500. In case of the rare situation of very low or very 
high concentrations outside of the linear range, measure-
ments were repeated using a lower or higher dilution, 
respectively. The intra- and inter-assay coefficients of 
variation were 2.7% and 6%, respectively [19, 22, 35, 36].

Statistical analysis
Baseline characteristics of GCKD study participants 
are provided for the patient strata non-cancer, preva-
lent cancer (those with a history of cancer before enrol-
ment), and incident cancer and by quartiles of apoA-IV 
concentrations for the total group. Jonckheere-Terpstra 
tests for trend were performed for comparison of con-
tinuous variables between quartile groups of apoA-IV. 
Linear by linear χ2-square tests were applied for com-
parison of categorical variables. The association of apoA-
IV concentrations with history of cancer was examined 
by logistic regression analyses. Cox proportional hazard 
regression models were used to calculate cause-specific 
hazard ratios (HR) with corresponding 95% confidence 
intervals for incident and fatal cancer endpoints. All 
deaths other than cancer were treated as censored obser-
vations. To prove the proportional hazards assumption 
a χ2-test based on Schoenfeld residuals was performed. 

https://www.askimed.com


Page 4 of 11Kollerits et al. BMC Cancer  (2024) 24:320

Subdistribution hazard ratios (SHR) based on compet-
ing risks survival regression were calculated additionally 
treating all other causes of death as competing events. 
For both baseline and follow-up analyses, model 1 was 
adjusted for age, sex, eGFR and UACR. Model 2 addition-
ally included statin use, smoking, BMI, diabetes (patients 
with a history of cancer were excluded in the Cox regres-
sion analyses). This selection was based on clinical rea-
sons and by taking into account differences of variables 
between quartiles of apoA-IV as shown in Supplemen-
tary Table 3. In early CKD, increased risk of cancer inci-
dence and death was reported to be better predicted by 
eGFR based on cystatin C (eGFRcys) than eGFR based on 
creatinine (eGFRcrea) or a combination of creatinine and 
cystatin C [4]. Thus, eGFRcys was used in all models of 
follow-up analyses. As this was not shown for history of 
cancer, we additionally provide adjustment for eGFRcrea 
for baseline analyses. UACR and high sensitivity C reac-
tive protein (hs-CRP) were log-transformed based on the 
natural logarithm (ln) due to their skewed distribution. 
As CRP is not deemed to have a causal role in cancer [37] 
we additionally adjusted for hs-CRP only in sensitivity 
analyses.

Analyses were reported for quartile groups of apoA-
IV, where quartile 1 was the reference, as well as for an 
increase of 10 mg/dL in apoA-IV concentration. The 
increment of 10 mg/dL is almost identical to the standard 

deviation of 9.8 mg/dL of the entire cohort. Based on vis-
ual inspection of quartile groups of apoA-IV for baseline 
and follow-up, further analyses were performed: where 
appropriate, patient values were compared above and 
below the median of apoA-IV concentrations.

Statistical analysis was performed using SPSS for Win-
dows, version 29 (IBM Corp., Armonk, New York, NY, 
USA) and R for Windows, version 4.3.1 (Vienna, Austria) 
(https:// www.r- proje ct. org). For all analyses performed, a 
two-sided test P-value < 0.05 was considered statistically 
significant.

Results
Baseline characteristics
Five thousand thirty-nine of five thousand two hundred 
seventeen patients included in the GCKD study had 
complete baseline data on age, sex, eGFRcys, UACR, 
apoA-IV concentrations, cancer information and fol-
low-up data available. The mean serum concentration 
of apoA-IV was 28.9 ± 9.8 mg/dL (median 27.6 mg/
dL). Table  1 shows clinical characteristics at baseline 
(at the time of enrolment) for non-cancer patients (did 
not have cancer before enrolment and also not during 
follow-up), prevalent cancer patients (those with a his-
tory of cancer before enrolment), and incident cancer 
patients (those who developed a new cancer event dur-
ing follow-up which has not been experienced before 

Table 1 Baseline characteristics of German Chronic Kidney Disease (GCKD) study patients stratified by cancer  statusa

Data are provided as mean ± SD [25th,  50th (median) and 75th percentile or number (%), (percentage considering missing values). Hs-CRP and urine-albumin values 
that were below the lower detection limit (LOD) were replaced by LOD/√2. BMI was corrected for amputation
a Study participants are stratified by non-cancer patients (did not have cancer before enrolment and also not during follow-up), prevalent cancer patients (those with 
a history of cancer before enrolment), and incident cancer patients (those who developed a new cancer event during follow-up which has not been experienced 
before enrolment)
b Number of patients based on those with available data on age, sex, eGFRcys, urine albumin-creatinine ratio (UACR), apolipoprotein A-IV measurements, cancer 
information and censoring date
c eGFR denotes glomerular filtration rate calculated according to the CKD-EPI equation based on cystatin C [38]
d UACR was calculated according to the following equation: albumin in urine (mg/l) × 100 / creatinine in urine (mg/dl) and is given in mg/g

Non‑cancer (n = 4056)b Prevalent cancer (n = 615)b Incident cancer (n = 368)b

ApoA‑IV (mg/dL) 29.0 ± 9.9 [22.0; 27.9; 34.4] 28.1 ± 9.1 [21.6; 26.4; 33.0] 28.7 ± 10.1 [22.0; 27.1; 33.9]

Age (years) 59 ± 12 [51; 62; 69] 65 ± 9 [60; 68; 71] 65 ± 9 [62; 68; 71]

Female sex, n (%) 1653 (40.8%) 246 (40.0%) 106 (28.8%)

eGFR (mL/min/1.73m2)c 51 ± 20 [36; 47; 61] 48 ± 18 [35; 46; 59] 45 ± 17 [33; 42; 54]

UACR (mg/g)d 448 ± 962 [10; 55; 422] 365 ± 1035 [7; 30; 210] 343 ± 782 [10; 49; 286]

Body mass index, (kg/m2) 29.7 ± 6.0 [25.6;28.8;33.1] 29.9 ± 5.7 [25.8;29.1;33.2] 30.5 ± 5.5 [27.2;29.6;33.8]

Hs‑CRP, (mg/L) 4.6 ± 8.0 [1.0; 2.2; 4.9] 5.3 ± 8.8 [1.2; 2.5; 5.7] 5.4 ± 10.1 [1.4; 2.7; 5.7]

LDL cholesterol, (mg/dL) 119 ± 44 [90; 115; 143] 116 ± 43 [86; 112; 139] 113 ± 41 [84; 109; 142]

HDL cholesterol, (mg/dL) 52 ± 18 [40; 49; 62] 51 ± 19 [38; 47; 61] 50 ± 18 [38; 45; 59]

Triglycerides, (mg/dL) 199 ± 129 [118; 168; 239] 202 ± 120 [116; 169; 245] 202 ± 133 [120; 170; 246]

Smoker and ex‑smoker, n (%) 2354 (58.0%) 373 (60.7%) 239 (65.0%)

Diabetes, n (%) 1383 (34.1%) 241 (39.2%) 162 (44.0%)

Statin use, n (%) 1918 (47.3%) 273 (44.4%) 204 (55.4%)

https://www.r-project.org
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enrolment). The table provides data on apoA-IV con-
centrations, age, sex, kidney function parameters, body 
mass index, smoking status, diabetes mellitus, lipids, 
hs-CRP and statin intake. Supplementary Table 3 shows 
further baseline characteristics by quartiles of apoA-IV 
in the total cohort.

History of cancer
At baseline, 615 patients with available data on apoA-
IV, age, sex, and kidney function, had already experi-
enced a cancer event more than two years before the 
enrolment (active malignancy within 24 months before 
screening was an exclusion criterion). First, an analy-
sis based on quartiles of apoA-IV concentrations was 
done with quartile 1 as reference group. Results of 
both model 1 and model 2 showed in quartiles 3 and 
4 a lower odds for history of cancer when compared 
to patients in quartile 1 and 2. When we compared 
patients above and below the median of apoA-IV con-
centrations we barely missed significance in terms of a 
lower odds for a history of cancer in patients above the 
median of apoA-IV with an OR = 0.84 (95% CI 0.70–
1.02, p = 0.07) (Table 2). When adjusting for eGFRcrea, 

estimates reached significance (OR = 0.79 (95% CI 
0.66–0.96, p = 0.02) (Table 2).

Incident cancer
During a median follow-up of 6.5 years, 368 patients 
experienced a new incident cancer event which has not 
been experienced before enrolment (a relapse of a given 
cancer did not count for this analysis). There was no vio-
lation of the proportional hazards assumption. An analy-
sis based on quartiles of apoA-IV concentrations was 
performed with quartile 1 as reference group. Results of 
model 1 and the fully adjusted model 2 indicated that 
especially patients in quartiles 3 and 4, although miss-
ing significance in quartile 4 (p = 0.07), had a lower risk 
for incident cancer (Table 3). Based on this observation, 
risk estimates above and below the median of apoA-IV 
concentrations were compared. This revealed a signifi-
cantly lower risk for patients with apoA-IV concentra-
tions above the median in the fully adjusted model 2 
(HR = 0.72, 95%CI 0.57–0.90, p = 0.004).

Fatal cancer
Of the 4424 patients with no history of cancer before 
enrolment into the study, 62 patients died from can-
cer during follow-up. The analysis based on quartiles 

Table 2 Association of apolipoprotein A‑IV with history of cancer (615 and 611 out of 5039 patients). Results are given for both eGFR 
adjustments (once calculated with cystatin C and once with creatinine)

Model 1: adjusted for age, sex, ln-urine albumin-creatinine ratio,  eGFRcystatin C or  eGFRcreatinine

Model 2: as model 1 plus statin use, smoking, BMI, diabetes

Abbreviations: OR odds ratio, CI confidence interval
a Reference category includes apoA-IV values below median. The median apoA-IV concentration is 27.6 mg/dL (referring to the total group of 5039 patients). There 
are 278 cases above, and 337 cases below the median (model 1), and 272 cases above, and 335 cases below the median (model 2). Small differences in the number of 
cases between  eGFRcystatin C (n = 615) and  eGFRcreatinine (n = 611) adjustment are caused due to few more missing variables for  eGFRcreatinine
b “Cases” refers to the number of patients with history of cancer. Differences in number of cases between model 1 and 2 are explained by patients with few missing 
covariates for model 2

eGFRcystatin‑C adjusted eGFRcreatinine adjusted

OR 95% CI p‑value OR 95% CI p‑value

Calculations for median of apoA‑IV concentrationsa

 Model 1 0.85 0.71–1.03 0.09 0.81 0.67–0.97 0.02

 Model 2 0.84 0.70–1.02 0.07 0.79 0.66–0.96 0.02

Calculations per quartile of ApoA‑IV concentrations
 Model 1
  Quartile 1: 163  casesb 1.00 1.00

  Quartile 2: 174  casesb 1.07 0.85–1.35 0.58 1.03 0.82–1.31 0.79

  Quartile 3: 147  casesb 0.89 0.69–1.14 0.36 0.84 0.65–1.07 0.16

  Quartile 4: 131  casesb 0.88 0.67–1.15 0.35 0.80 0.61–1.06 0.12

 Model 2
  Quartile 1: 163  casesb 1.00 1.00

  Quartile 2: 172  casesb 1.05 0.83–1.33 0.69 1.01 0.80–1.28 0.92

  Quartile 3: 144  casesb 0.87 0.68–1.12 0.27 0.81 0.63–1.05 0.11

  Quartile 4: 128  casesb 0.86 0.65–1.14 0.29 0.78 0.59–1.04 0.09
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of apoA-IV revealed lower risks for quartiles 2, 3 and 4, 
with statistical significance in quartile 2 and 4 and miss-
ing significance in quartile 3 (Table  4). Furthermore, 
each increase in apoA-IV concentrations of 10 mg/dL, 
was associated with a 40% lower risk to die when using 
the age-, sex- and kidney function-adjusted model 1 
(HR = 0.60, 95%CI 0.43–0.85, p = 0.003). Model 2 addi-
tionally adjusting for statin use, diabetes, BMI, and 
smoking, revealed very similar results (HR = 0.62, 95%CI 
0.44–0.88, p = 0.007).

Additional analyses
We additionally adjusted the main models for HDL-cho-
lesterol, LDL-cholesterol and triglyceride concentrations. 
These additional analyses did not change the association 
of apoA-IV with prevalent and incident cancer events 
which might be explained by the rather weak association 
of apoA-IV concentration with lipids (Supplementary 
Tables 4, 5 and 6).

For incident and fatal cancer, we analysed whether the 
association of apoA-IV with these outcomes changed 
when we adjusted for a history of cancer instead of 
excluding those cases. The hazard ratios were only 
minimally influenced by this approach (Supplementary 
Tables 7 and 8).

In a further sensitivity analysis we adjusted the baseline 
and all follow-up analyses additionally for hs-CRP, which 
only marginally changed the association between apoA-
IV and cancer outcomes (Supplementary Tables 9, 10 and 
11). However, adjustment for hs-CRP has to be consid-
ered with caution because the classical requirements for 
a confounder are not entirely fulfilled, since it has been 
shown by genetic studies that genetically explained hs-
CRP concentrations are not significantly associated with 
cancer [37]. Furthermore, we did not adjust for socio-
economic status (education and income) since this status 
was not associated with apoA-IV concentrations.

The subdistribution hazard ratios for incident and fatal 
cancer outcomes were only slightly attenuated as com-
pared to the cause-specific hazard ratios (Supplementary 
Tables 12 and 13).

Discussion
We observed in this large cohort study of patients with 
mild to severe CKD i) that higher apoA-IV concentra-
tions at baseline were associated with a lower odds for a 
history of cancer and ii) that during 6.5 years of follow-
up higher apoA-IV concentrations were associated with 
a lower risk for incident cancer, particularly fatal can-
cer outcomes. All these associations were independent 
of kidney function. To our knowledge this is the larg-
est and the only prospective study up to now which has 
investigated the association of apoA-IV with cancer, 

Table 3 Association of apolipoprotein A‑IV with incident cancer 
during the prospective follow‑up in patients without a history of 
cancer at the baseline investigation (4424 out of 5039 patients) a

Model 1: adjusted for age, sex, ln-urine albumin-creatinine ratio and  eGFRcystatin-C

Model 2: as model 1 plus statin use, smoking, BMI, diabetes

Abbreviations: HR hazard ratio, CI confidence interval
a Patients with a history of cancer at the time of enrollment were not considered 
in this analysis
b Reference category includes apoA-IV values below median. The median 
apoA-IV concentration is 27.6 mg/dL (referring to the total group of 5039 
patients)
c “Cases” refers to the number of patients with incident cancer events. 
Differences in number of cases between model 1 and 2 are explained by 
patients with few missing covariates for model 2

HR 95% CI p‑value

Calculations for median of apoA‑IV concentrationsb

 Model 1: 368 cases (174 above and 194 
below median)c

0.73 0.58–0.91 0.006

 Model 2: 362 cases (171 above and 191 
below median)c

0.72 0.57–0.90 0.004

Calculations per quartile of ApoA‑IV concentrations
 Model 1 Quartile 1 (90 cases)c 1.00

Quartile 2 (104 cases)c 1.00 0.75–1.33 0.98

Quartile 3 (85 cases)c 0.73 0.54–0.99 0.04

Quartile 4 (89 cases)c 0.74 0.53–1.02 0.07

 Model 2 Quartile 1 (88 cases)c 1.00

Quartile 2 (103 cases)c 1.02 0.76–1.36 0.91

Quartile 3 (83 cases)c 0.72 0.53–0.98 0.04

Quartile 4 (88 cases)c 0.73 0.53–1.02 0.07

Table 4 Association of apolipoprotein A‑IV with fatal cancer 
during the prospective follow‑up and without a history of cancer 
at the baseline investigation (4424 out of 5039 patients)a

Model 1: adjusted for age, sex,  eGFRcystatin-C, ln-urine albumin-creatinine ratio

Model 2: as model 1 plus statin use, smoking, BMI, diabetes

Abbreviations: HR hazard ratio, CI confidence interval
a Patients with a history of cancer at the time of enrollment were not considered 
in this analysis
b “Cases” refers to the number of patients with fatal cancer events. Differences 
in number of cases between model 1 and 2 are explained by few patients with 
some missing covariates for model 2

HR 95% CI p‑value

Calculations per 10 mg/dL increment of apoA‑IV concentrations
 Model 1: 62  casesb 0.60 0.43–0.85 0.003

 Model 2: 60  casesb 0.62 0.44–0.88 0.007

Calculations per quartile of ApoA‑IV concentrations
 Model 1 Quartile 1 (21 cases)b 1.00

Quartile 2 (11 cases)b 0.42 0.20–0.87 0.02

Quartile 3 (19 cases)b 0.60 0.32–1.14 0.12

Quartile 4 (11 cases)b 0.32 0.14–0.71 0.005

 Model 2 Quartile 1 (19 cases)b 1.00

Quartile 2 (11 cases)b 0.46 0.22–0.98 0.04

Quartile 3 (19 cases)b 0.65 0.34–1.26 0.21

Quartile 4 (11 cases)b 0.35 0.15–0.79 0.01
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independent whether the literature in CKD or non-CKD 
patients is considered (Graphical Abstract).

Several proteomic studies have suggested apoA-IV as 
a biomarker and a tool for detection of various forms 
of cancer (Supplementary Table  1). Most of these stud-
ies investigated only a small number of serum or plasma 
samples and only few validated the results by an inde-
pendent and quantitative method such as an ELISA 
[24–31]. Most data are available for ovarian cancer with 
quantitatively validated lower apoA-IV concentrations 
observed in three studies [24–26]. Further data were 
reported for pancreatic, oral, hepatocellular, and thyroid 
cancer (Supplementary Table 1). The distribution of can-
cer types in our GCKD study is comparable to what is 
reported for patients with moderate to severe CKD. Can-
cers of the urinary tract (kidney, bladder, urothelial can-
cer), prostate cancer, cancers of the digestive organs, skin 
cancers, cancer of the breast and female reproductive 
organs and lung cancers were among the most frequent 
cancers among these patients [4, 39, 40]. Whether apoA-
IV is a biomarker of selected cancers or causally associ-
ated with cancer is currently not known.

Possible explanations for the inverse association 
of apoA‑IV with cancer
A number of biological entities constitute the so-called 
hallmarks of cancer, with inflammation being one of 
them [41] in turn increasing the probability for metasta-
sis [42]. The known anti-inflammatory properties of apo-
AIV [14, 15] and the link to endothelial function [43], a 
further component of the tumour microenvironment, 
could lead to the assumption, that ApoA-IV might be an 
important marker connected to several pathways in the 
development of cancer.

In patients with early stages of CKD the risk for can-
cer is already increased, in particular in males, and the 
risk increases gradually with more advanced stages of 
CKD [3]. Two cohort studies reported a stepwise asso-
ciation between severity of CKD and cancer mortality 
[3]. In turn, CKD is prevalent in approximately 12–25% 
of cancer patients [39]. Systemic inflammation and oxi-
dative stress are common in patients with advanced 
CKD and increase with disease progression [44]. About 
20–25% of all cancers are discussed to be triggered by 
chronic infection or inflammation. Several pathways, 
intracellular signaling cascades and related mechanisms 
were described that support this hypothesis such as 
DNA damage, cell damage, proliferation and transforma-
tion, immunosuppression, oxidative stress, angiogenesis 
or abnormal epithelial cell growth [45–47]. Thus, such 
inflammatory processes might be one of the main drivers 
for the higher risk for cancer in CKD, comparable to that 
for atherosclerosis [48].

To damage pathogens and protect the organism from 
harmful antigens, the body releases reactive oxygen spe-
cies (ROS) in inflamed tissue [46]. Antioxidant processes 
prevent the accumulation of ROS and reactive nitrogen 
species. An imbalance between the formation of oxida-
tive compounds and antioxidant defense mechanisms 
leads to oxidative damage [44]. ROS generated during 
inflammation directly damages proteins and lipids [49], 
thereby increasing oxidative stress [47]. Inflammation 
and oxidative stress influence the immune response with 
an induction of angiogenesis, tumor growth and metas-
tasis [48, 49]. The experimental evidence of the anti-
oxidative and anti-inflammatory properties of apoA-IV 
as shown for atherosclerosis in mice [13–15] may also 
explain the association of increased apoA-IV concentra-
tions and lower number of cancer outcomes and cancer 
death in the GCKD study. Direct modulatory effects of 
apoA-IV on oxidation-induced intracellular redox-
dependent cell signalling mechanisms were supported by 
cell culture studies [50].

Generalized endothelial dysfunction is evident in early 
stages of CKD, leads to albuminuria in the glomeruli and 
worsens with CKD progression [51]. Endothelial cells 
release proangiogenic factors which promote coagula-
tion and inflammation [46]. The large endothelial sur-
face of highly vascularized kidney vessels is particularly 
vulnerable to local proinflammatory effects. Endothelial 
activation attenuates the local vasodilatory capacity and 
thus increases the production of ROS and oxidized low-
density- lipoprotein cholesterol [44, 48]. While healthy 
endothelial cells limit tumor growth, invasiveness, and 
metastasis, dysfunctional ones exposed to the inflamma-
tory tumor microenvironment promote cancer progres-
sion, death, and even metastasis through NF-kappa B 
signaling and other cytokines [46, 48, 52, 53]. ApoA-IV 
was shown to inhibit NF-κB activity and upregulate the 
anti-oxidant and anti-apoptotic enzyme 24-Dehydrocho-
lesterol reductase (DHCR24) [43]. Importantly, in  vivo, 
already very low concentrations of apoA-IV could be 
considered anti-inflammatory [43]. This makes it inter-
esting as a potential therapeutic target. Moreover, as 
the inhibition of vascular cell adhesion molecule 1 but 
not intercellular adhesion molecule 1 in  vitro by lipid-
bound apoA-IV was not fully dependent on DHCR24, 
other pathways besides inhibition of NF-κB might be of 
relevance for its anti-inflammatory effects [43]. ApoA-
IV in its lipid-free and HDL-bound form was described 
to interact with scavenger receptor class B type 1 [54], 
which might be one possible alternate pathway. Lipid-
bound apoA-IV might also increase the bioavailability 
of nitric oxide in endothelial cells via different pathways. 
Taken together, Shearston et  al. showed that apoA-IV 
strongly inhibited acute vascular inflammation in  vitro 
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and in vivo [43]. This could be a further link to relevant 
mechanisms responsible for the lower number of cancer 
outcomes together with increased apoA-IV concentra-
tions in the GCKD study.

A further explanation for our findings in the GCKD 
study is the growing evidence that HDL particles and 
their components including apoA-IV might either be 
involved in cancer development or might at least have 
diagnostic utility. A large meta-analysis [55] found an 
inverse relationship between plasma HDL-C levels 
and the risk of developing cancer. Cancer cells have an 
increased need of cholesterol and a disturbed cholesterol 
metabolism with an increase of intracellular cholesterol 
esters. This abnormal lipid and cholesterol metabolism 
in tumor cells can lead to altered plasma lipid levels in 
cancer patients. Disturbances in the cholesterol homeo-
stasis of the cancer cells can therefore have an influence 
on progression of cancer as well as survival of cancer cells 
(reviewed in [55]).

In addition to lipid- and LDL-lowering effects, statins 
exhibit protective effects against DNA damage, improve 
endothelial function, and exert antioxidant and anti-
inflammatory effects, and are associated with a reduced 
incidence for many cancers, which makes them poten-
tially valuable in cancer prevention [48]. Importantly, the 
effect of higher apoA-IV concentration on decreased risk 
for cancer outcomes in the GCKD study was independ-
ent of statin use. Furthermore, in a study in hemodialysis 
patients we found no significant effect of atorvastatin on 
apoA-IV concentrations [22].

Regardless of the degree of renal dysfunction, CKD 
patients have a higher risk for venous thromboembolism 
compared to the general population [56]. Thrombosis-
related death is the second most frequent cause in can-
cer patients [57]. A recent study has shown that apoA-IV 
reduced αIIbβ3 mediated-platelet aggregation and thus 
thrombosis. Aspirin or clopidogrel showed similar inhib-
itory effects as compared to apoA-IV [16]. As CKD and 
thrombosis, as well as cancer are linked, one mechanism 
how apoA-IV could be protective for cancer outcomes 
might be this recently demonstrated strong antithrom-
botic effect.

It is currently unclear whether apoA-IV concentra-
tions measured in serum reflect the concentrations of 
apoA-IV in the microenvironment of the cancer and 
how this influences the survival of cancer cells. A recent 
study in patients with pancreatic ductal adenocarcinoma 
observed markedly decreased apoA-IV concentrations 
in plasma but a pronounced increase of mRNA in the 
diseased pancreatic tissue which was linked with a less 
favourable outcome of the patients. This was surpris-
ing since usually RNA expression of apoA-IV in normal 
pancreas tissue is almost zero [58]. Decreased apoA-IV 

concentrations in pancreatic cancer were recently con-
firmed by a study in cats [59].

Strengths and limitations of the study
The main advantage of the current study compared to 
most of the proteomic studies is the use of a validated 
ELISA for measurement of apoA-IV and the prospec-
tive assessment of cancer outcomes. Particular strengths 
of the GCKD study are the large sample size based on a 
well-defined population with a median follow-up of 6.5 
years with very low loss to follow-up, the homogeneity 
of the study population and a centralized assessment of 
clinical outcomes.

Since the GCKD study is designed as an observational 
epidemiological study, it cannot determine causality or 
conclude on possible biological mechanisms. In case the 
association of apoA-IV with outcomes is not causal it can 
at least be considered as a promising predictor of risk 
for cancer. However, the experimental data from earlier 
studies are in support of a causal involvement of apoA-IV 
in outcomes involved in inflammatory processes [14–16, 
60, 61]. A further limitation is that we do not have a rep-
lication cohort available and that mainly CKD patients 
in stage G3 or A3 are included in the GCKD study and 
therefore findings might not be generalizable to other 
stages of CKD or the general population. However, previ-
ous proteomic studies mostly done in serum or plasma 
revealed that apoA-IV is reduced in many cancer types 
(for overview see Supplementary Table 1). Furthermore, 
we cannot exclude residual confounding by unknown or 
unmeasured confounders. Finally, apoA-IV was meas-
ured in serum and no organ-specific cancer tissue was 
available which would have allowed to analyse the apoA-
IV expression in cancer tissue.

Conclusions
This large prospective study in patients with mild to 
severe chronic kidney disease revealed an independ-
ent association of high apoA-IV concentrations with a 
lower odds for a history of cancer before enrolment and 
a lower risk for fatal and non-fatal incident cancer out-
comes. The known antioxidative, antiinflammatory and 
potentially also antithrombotic properties of apoA-IV 
might be an explanation for the observed associations. 
Supported by existing proteomic data this could mean a 
value of high apoA-IV indicating a reduced risk for can-
cer in CKD patients. However, the clinical utility requires 
further investigations of various cancer entities in large 
cohorts to define optimal thresholds for further clinical 
and extended examinations of patients in case a cancer is 
suspected due to decreased apoA-IV concentrations.
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