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Summary

Childhood cancer survivors (CCS) are at increased risk to develop metabolic syn-
drome (MetS), diabetes, and cardiovascular disease. Common criteria underestimate
adiposity and possibly underdiagnose MetS, particularly after abdominal radiother-
apy. A systematic literature review and meta-analysis on the diagnostic and predic-
tive value of nine newer MetS related biomarkers (adiponectin, leptin, uric acid,
hsCRP, TNF-alpha, IL-1, IL-6, apolipoprotein B (apoB), and lipoprotein(a) [Ip(a)]) in sur-
vivors and adult non-cancer survivors was performed by searching PubMed and
Embase. Evidence was summarized with GRADE after risk of bias evaluation
(QUADAS-2/QUIPS). Eligible studies on promising biomarkers were pooled. We
identified 175 general population and five CCS studies. In the general population,
valuable predictive biomarkers are uric acid, adiponectin, hsCRP and apoB (high level
of evidence), and leptin (moderate level of evidence). Valuable diagnostic biomarkers
are hsCRP, adiponectin, uric acid, and leptin (low, low, moderate, and high level of
evidence, respectively). Meta-analysis showed OR for hyperuricemia of 2.94 (age-/
sex-adjusted), OR per unit uric acid increase of 1.086 (unadjusted), and AUC for
hsCRP of 0.71 (unadjusted). Uric acid, adiponectin, hsCRP, leptin, and apoB can be
alternative biomarkers in the screening setting for MetS in survivors, to enhance

early identification of those at high risk of subsequent complications.
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1 | INTRODUCTION

Childhood cancer 5-year survival rates have increased from 5-30% in
early seventies to more than 80% in the present time.? Deployed
therapies, such as chemotherapy, radiotherapy, and stem cell trans-
plantation, better stratification, and enhanced supportive care regi-
mens, are responsible for increase in survival rates. However,
intensification of treatment is also associated with long-term excess
mortality and morbidities in survivors.® Survivors have a high level of
frailty, suggesting their biological age progresses faster than their
actual age. Consequently, survivors with an actual mean age of
33 have a biological age of 65 if they are compared with the general
population.*™? At the age of 45-50 years, the prevalence of any
chronic health condition is very high, from 95% up to 99%.%° One of
these severe conditions is represented by cardiovascular disease
(CVD), which is an important cause of premature death beyond 5 years
cancer survival; the standardized mortality risk for CVD ranges from
1.9t0 12.7.1°%

This high risk of cardiovascular death is not only due to treatment
effects, such as anthracycline exposure and cardiac irradiation?®;
survivors are also at high risk of type Il diabetes mellitus (T2DM) and
the metabolic syndrome (MetS).}* These diseases are independent
predictors of CVD and associated with factors such as adiposity,
dyslipidemia, insulin resistance, and hypertension. These factors
cluster together and form the “deadly quartet,” a MetS concept
developed by Reaven in 1988.27 The MetS had many definitions ever
since.1¥27-37 Patients with MetS carry a doubled risk of dying from
cardio- and cerebrovascular disease.**8 In addition, patients with the
MetS are five times more likely to develop T2DM, which subsequently
triples the risk of CvD.11:37-41

As survivors develop cardiovascular complications at a relatively
young age, there is a need for early diagnosis of MetS, to possibly pre-
vent T2DM and CVD, and to improve long-term survival.** The occur-
rence of MetS may be underestimated especially in abdominally
irradiated childhood cancer survivors (CCS), who have an unreliable
waist circumference, while their MetS risk is even higher.22*244 Body
mass index (BMI) and bioimpedance are alternative methods for body
composition measurement but do not specifically measure abdominal
fat, rely on hydration status, and often underestimate body fat.#?4>~4”
Obviously, another alternative option to evaluate adiposity is measur-
ing fat percentage by Dual-energy X-ray Absorptiometry (DXA) scan,
which is the gold standard in case of suspected discordance of anthro-
pomorphic measurements and adiposity.*>*®4° However, performing
DXA scans in all survivors on a routine basis is time-consuming and
costly.** Additionally, there is currently no consensus for the thresh-
old of fat percentage for diagnosing obesity.>® Newer serum bio-
markers may serve as another alternative for accurate early diagnosis
or prediction of (disguised) MetS in CCS. Adult cardiologists currently
apply multiple biomarkers that have been shown to improve risk esti-
mation for CVD.>!

Therefore, our primary objectives were to evaluate the value of
the use of these newer serum biomarkers as (1) diagnostic marker and

as (2) additional independent predictor for the occurrence of MetS

later in life, in survivors of childhood cancer specifically, and in a rela-
tively young general, non-cancer population (studies with >75% of
participants below 65 years). By including this selection of general
population studies as well, we aimed to cover all available literature
applicable and generalizable to young-adult survivors. To accomplish
this, we performed a systematic literature search on adipokines
adiponectin and leptin, uric acid, the inflammatory markers high
sensitivity C-reactive protein (hsCRP), Tumor Necrosis Factor alpha
(TNF-alpha), interleukin 1 (IL-1) and interleukin 6 (IL-6), and the lipid
markers apolipoprotein B (apoB) and lipoprotein(a) [Lp(a)] and per-
formed a meta-analysis of these outcomes for relevant recurrently
published biomarkers. As secondary purpose, we screened for other
new biomarkers that are not enlisted above, in order to reveal

additional, potentially useful biomarkers.

2 | METHODS

21 | The systematic search

A systematic literature review was performed in PubMed and Embase,
to gather all published literature published between the first of
October 2009 and September 3, 2020. Details of the search terms are
available in Table S1; in general, the search terms were related to
adults/general population, as well as to (childhood) cancer survivors,
and combined with all enlisted nine separate biomarkers (adiponectin,
leptin, uric acid, hsCRP, TNF-alpha, IL-1, IL-6, apoB, and Ip(a)) and the
MetS. The AMSTAR checklist for systematic reviews was followed.>?
All titles and abstracts were screened by two independent reviewers
(VP and SSvS), who were blinded to each other's judgment. Studies
were included if they had the MetS as outcome, and one or more
newer biomarker(s) as independent variable included in the model in
predictive studies, or as discriminative variable in diagnostic studies.
For studies performed in CCS, no limits were set for sample size or
age. General population studies were eligible if the sample size was
roughly 250 or larger and if 75% or more of this population was below
65 years of age, as they have comparable levels of frailty to a young
adult survivor population.>”® We excluded studies with older adults
since they are expected to have higher levels of frailty, comorbidities,
and aging factors, which may be confounders in the correlation
between the newer biomarker and the metabolic syndrome. Multivari-
able analysis was mandatory for article inclusion of studies that
investigated the prediction of MetS.

Studies were excluded if all included patients had an elevated bio-
marker; if all or none of the subjects had the MetS; if it was a selected
cohort with pre-existing comorbidities (i.e., familial hypercholesterol-
emia, psoriasis, schizophrenia, polycystic ovary syndrome, obesity, and
hypertension); if all patients suffered from MetS endpoint(s) such as
T2DM, cardiovascular or cerebrovascular disease, or non-alcoholic
fatty liver disease; if the article was a review, case study, expert opin-
ion, or conference abstract; if the article was written in a language
other than English or Dutch; or if the full text was unavailable (see

Appendix S1 for an overview of selection criteria). Studies were only
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included if the outcome was presence or absence of MetS; those with
separate MetS components or MetS risk score as outcome were out
of the scope of this review. After all articles were screened based on
title and abstract, the judgments were unblinded. Discrepancies were
discussed and resolved by the two reviewers (VP and SSvS), and
where necessary, two senior experts were consulted (MMvdHE and
SJCMMN). A cross-reference check was performed with Scopus, to
screen all forward and backward citations of included studies. The arti-
cles found by the cross-reference check were screened likewise. A
flow diagram with the number of included and excluded articles and

reasons for exclusion illustrates this process (Figure 1).

2.2 | Risk of bias assessment

The QUIPS tool was applied for critical appraisal of predictor
studies®>>* (Table S2) and QUADAS-2 tool for diagnostic studies
(Table S3). Definitions for low risk of bias judgment are shown in
Appendix S1. In case of doubt, the study was discussed with both
reviewers and senior experts (VP, SSvS, MMvdHE, and SICMMN).

2.3 | Data extraction enlisted novel biomarkers

Data of all included articles were extracted and summarized; the sum-

maries of the enlisted newer biomarkers (adiponectin, leptin, uric acid,

hsCRP, TNF-alpha, IL-1, IL-6, apoB, and Ip(a)) are depicted in
Table S4A-V. Data of interest are details regarding the size of the
population and its type (survivors and their previous diagnosis or gen-
eral population), the study design (cross-sectional or longitudinal and
retrospective or prospective), the biomarker (which and how it was
measured), the exact outcome (MetS definition), and statistical analy-
sis of choice. For studies investigating the diagnostic value of the bio-
marker for MetS, outcomes of interest were area under the curve
(AUC) of receiver operating characteristic (ROC) curves, sensitivity,
and specificity. For the studies evaluating the predictive value of the
biomarker of later development of the MetS, odds ratios (ORs) or
beta-coefficients of multivariable logistic regression models, or hazard
ratios (HRs) from multivariable Cox Proportional Hazards analysis

were extracted from the publications.

2.4 | Summary of evidence

The Grading of Recommendations Assessment Development and
Evaluation (GRADE) tool was applied to summarize the quality of the
evidence for each biomarker, per clinical research question (diagnos-
ing or predicting MetS) and per population (general population and
CCS).>® The level of evidence was classified as insufficient, very low,

).>> The applied thresholds for bio-

low, moderate, and high (Table $4
markers are shown in Table S5. An overview was made for studies

assessing the same independent variables and outcome (Table S6).

PubMed records
n=3651

Embase records

n=1096

Duplicates
N=237
| N=4510
Excluded based on title/abstract screening
N=3860
| N=650
Excluded based on full text screening
- - - - Selected cohort (comorbidity/MetS/MetS
Indirect effect in survivors endpoint): N=26
N=7 - Otherdeterminant: N=31
- Other outcome: N=196
- - Same study population: N=6
Other novel biomarkers | - All subjects had normal biomarker: N=1
N=53 ) - Factor analysis: N=8
- No original research article: N=5
C ref th - Full text unavailable: N=20
ross-re erences other - Other language: N=4
novel biomarkers General population studies:
N=66 | _ - Elderly: N=51
N=162 - Small sample size: N=13
Cross-references added - Univariable analysis (predictor studies): N=67
N=18
| N=180

FIGURE 1

Flow chart of included and excluded articles from the systematic literature search
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2.5 | Data extraction non-enlisted biomarkers

As secondary objective, we screened all articles for other
biomarkers than the above enlisted nine biomarkers of our main inter-
est (non-enlisted biomarkers). Details are discussed in Part 2 of
Appendix S1. These non-enlisted biomarkers were evaluated for
presence of an effect if there were four or more publications with this
biomarker in our search. As we did not search for these biomarkers

systematically, evidence quality was not assessed with GRADE.

2.6 | Meta-analysis

A meta-analysis was performed of relevant enlisted biomarkers with
at least three publications on the same outcome measures and, if
applicable, adjusted for the same covariates. Dichotomous outcomes
were considered as comparable if the applied threshold differed less
than the intra- and inter-assay variability for the biomarker as
reported in literature. A random effects model with inverse variance
weighting was used to estimate a pooled overall outcome measure.
Overall heterogeneity (I-squared) and between-study variance
(tau-squared) were calculated.”® Meta-analysis was performed with

the package meta in R.>’

3 | RESULTS

3.1 | Study selection
As shown in the flow chart (Figure 1), the literature search in PubMed
and Embase vyielded a total of 4,510 unique records. After title and
abstract screening, 650 full-text articles were reviewed, after which
162 relevant studies remained. Backward and forward citation
searching identified 18 additional studies. Hence, a total of 180 studies
were identified that reported on the diagnostic and/or predictive
value of one or more of the enlisted nine biomarkers of interest. Only
five studies among the 180 were performed among a population of
CCS.%87%2 All other studies were performed in the general population.

Among 180 studies which included data regarding the 9 enlisted
biomarkers, 60 also reported the value of other, non-enlisted newer
biomarkers. Furthermore, we identified 119 other studies that only
investigated non-enlisted newer biomarkers (other than the nine of
our main interest), yielding a total of 179 studies for our secondary
objective.

A detailed description of the critical appraisal of each of the
180 included studies for the nine predefined biomarkers is provided in

the supporting information (Tables S2 and S3).

3.2 | Used metabolic syndrome definitions

In the included studies, a variety of MetS definitions was used of

which the most common are described in Table 1, and the applied

definition per study is depicted in Table S4. The applied biomarker

thresholds are summarized in Table S5.

3.3 | Evidence for newer, enlisted biomarkers as
(additional) diagnostic criterion for metabolic
syndrome

Twenty-nine studies reported on the diagnostic value of one or more
of the nine enlisted newer biomarkers. These were all performed in
the general population without a history of cancer. Six studies had a
Caucasian study population.6*=® The number of studies per bio-
marker ranged between O [IL-1 and Ip(a)] and 12 (adiponectin). The
biomarker studied in the largest total number of participants was uric
acid (73,190 participants). The relevant data extracted from each
study, as well as the summary of evidence scored with the GRADE
tool for each biomarker, are provided in the supporting information
(Table S4). For each biomarker, a description of the number of studies
and participants and a summary of the several diagnostic outcomes
are provided in Table 2.

Whereas, ideally, the additional diagnostic value of a biomarker
would be tested by comparing the AUC, sensitivity and specificity for
a model containing only relevant covariates, versus a model con-
taining covariates and the newer biomarker, this method was used in
only two of the 29 studies.®>®! One study compared the AUC of the
biomarker with the AUC of waist circumference.! Most studies, how-
ever, only reported the AUC of the biomarker, either unadjusted or
adjusted for age, sex, and sometimes BMI or waist circumference.
Therefore, interpretation of the additional value is limited by
detection and confounding bias for most of the biomarkers.

The overall summary of our findings, with a conclusion about the
diagnostic value of each biomarker in the general population and in
survivors based on the GRADE assessment, is shown in Figure 2. Of
the nine investigated biomarkers, four were identified as valuable
diagnostic biomarkers for MetS: leptin (high quality of evidence), uric
acid (moderate quality), adiponectin, and hsCRP (both low quality). In
addition, apoB may be valuable, although based on only one study
with moderate quality of evidence. TNF-alpha and IL-6 appeared to
be unusable, based on one low-quality study testing both biomarkers.

For IL-1 and Ip(a), no studies were found.

3.4 | Evidence for newer, enlisted biomarkers as
independent predictor of metabolic syndrome

In total, 162 general population studies, and 5 survivor studies (two in
acute lymphoblastic leukemia [ALL] survivors, two in survivors of
hematological malignancies, and one in survivors of heterogeneous

862 jnvestigated the role of one or more of the nine enlisted,

tumors),
newer biomarkers as independent predictors of MetS. Twenty-six of
the general population studies had a Western/Caucasian study
population,65:67:6887.93-100166-171,197-199.218-220231233 The number

of general population studies per biomarker ranged between
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Metabolic syndrome biomarkers
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.
ApoB Lp(a) IL-1 1L-6 TNF-a hsCRP Uric acid Adiponectin Leptin
Survivors Survivors Survivors Survivors Survivors Survivors Survivors Survivors Survivors

No diagnostic No diagnostic No diagnostic No diagnostic No diagnostic No diagnostic No diagnostic No diagnostic No diagnostic

studies available studies available studies available studies available

studies available

studies available studies available studies available studies available

No predictive No predictive No predictive No apparent No apparent Possibly independent Possibly independent Conflicting evidence Conflicting evidence
studies available studies available studies available predictive value predictive value predictor predictor in predictive studies in predictive studies
(very low level of (very low level of (very low level of (very low level of (very low level of (very low level of
evidence) evidence) evidence) evidence) evidence) evidence)

tiatate  AtARAAE  ARRAAAR  ARAARAM

LG

tittite  AMARAAR  ARRAAAR  AAAARAA

General population General population General i General General population General population General population General population General population
Possible diagnostic No diagnostic No diagnostic No diagnostic No diagnostic Diagnostic value (low Diagnostic value Diagnostic value Diagnostic
value (moderate level studies available studies available value (low level of value (low level of level of evidence) (moderate level of (low level of value (high level of
of evidence) evidence) evidence) evidence) evidence) evidence)
Independent Conflicting evidence Conflicting evidence Conflicting evidence Conflicting evidence Independent Independent Independent Independent
predictor in predictive in predictive in predictive in predictive predictor predictor predictor predictor
(high Level of studies (very low studies (very low studies (very low studies (very low (high Level of (high level of (high level of (moderate level of
evidence) level of evidence) level of evidence) evidence) level of evidence) evidence) evidence) evidence) evidence)
FIGURE 2 Summary of conclusions: predictive and diagnostic value of novel biomarkers for the MetS

3 (TNF-alpha, 1,458 participants in total) and 78 (uric acid, 447,559
participants in total). Two of the survivors studies had a Western/
Caucasian study population®®°%; the others were performed in
Japan,®° Malaysia,®* and Mexico.? The number of survivors studies
per biomarker ranged between zero [IL-1, apoB, and Ip(a)] and three
(adiponectin and leptin). The biomarker studied in the largest total
number of survivors was uric acid (390 survivors). The relevant data
extracted from each study, as well as the summary of evidence scored
with the GRADE tool for each biomarker, are provided in the
supporting information (Table S4). For each biomarker, a description
of the number of studies and participants and a summary of the
several prognostic outcomes are provided in Table 2.

A common analysis strategy in these studies was to divide the
biomarker value in quantiles, with thresholds that may differ per
study. Not all participants in the highest or lowest quantile always had
a biomarker value that would be classified as abnormal according to
reference values. This may attenuate its value in predicting MetS. On
the other hand, this bias towards the null hypothesis increases the
effect of true positive findings. Also, several studies tested a dose-
response effect by comparing the effect on MetS across the quantiles.
Studies can be compared on whether a dose-response effect was
observed or not.

Figure 2 shows the overall summary of our findings, consisting of
a conclusion about the role of each biomarker as independent predic-
tor of MetS in the general population and in survivors, after GRADE
assessment. Five biomarkers were identified as independent predic-
tors of MetS in the general population: uric acid, adiponectin, hsCRP,
apoB (all high quality of evidence), and leptin (moderate quality). There
is conflicting evidence for the value of TNF-alpha, IL-1, IL-6, and
Ip(a) (very low quality of evidence). Among survivors, uric acid
and hsCRP may be valuable as prognostic biomarkers, based on two
and one studies, respectively, with very low quality of evidence. There

is conflicting evidence for the prognostic value of adiponectin and

leptin (very low quality). TNF-alpha and IL-6 appear not to be inde-
pendent predictors, based on one very low quality study testing both

biomarkers. For IL-1, apoB, and Ip(a), no studies were found.

3.5 | Meta-analysis of most relevant findings of
enlisted biomarkers

We aimed to perform a meta-analysis of the most promising bio-
markers: uric acid, adiponectin, leptin, hsCRP, and apoB. For diagnos-
tic studies, only the AUC is suitable for meta-analysis, due to different
thresholds used for sensitivity and specificity (Table Sé). For predictor
studies, only dichotomous and continuous (per unit or per unit log-
transformed) studies are useful. Many studies use quantiles, but these
are unsuited for meta-analysis: cut-offs between the quantiles depend
on the range and distribution in each study population and are
therefore insufficiently comparable between studies to perform a
meta-analysis.

A wide variety of outcome measures was used in the studies,
and many studies performed an analysis that was unsuited for
meta-analysis. Also, there was variance in thresholds used for dichoto-
mous outcomes, as well as in covariates in multivariable models.
Therefore, we were unable to retain at least three sufficiently compa-
rable studies for most biomarkers, and for most outcomes, in order to
perform a meta-analysis. For a few biomarkers, enough studies were
eligible for meta-analysis, because the authors also published crude
outcomes, and outcomes that were only age and sex adjusted
(Table Sé).

We were able to perform a meta-analysis for the prognostic value
of uric acid (hyperuricemia and continuous uric acid levels) and for the
diagnostic value of hsCRP. We estimated the pooled OR for
the association between hyperuricemia and MetS, adjusted for age

101-104

and sex (four studies, with threshold variability accepted of
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10%,%%® OR 2.94, 95%Cl 2.08-4.15); the pooled OR per unit increase
in uric acid, unadjusted (three studies,”19>106 OR 1.086, 95%Cl
1.066-1.106); and the pooled AUC for hsCRP, also unadjusted
(three studies,”*8788 AUC 0.71, 95%Cl 0.67-0.74).791% Forest plots
are shown in Figure 3. Unfortunately, many studies could not be
included, and the reported estimators are not adjusted for relevant
covariates, in particular age and sex for some, and overweight, insulin

resistance, and smoking for all.

3.6 | Other, non-enlisted biomarkers

In Table S7, 179 articles for all other biomarkers for diagnosis or prog-
nosis of MetS are enlisted, and the main data are summarized. These
included ratios of our studied biomarkers. All studies investigating lep-

62,68,69,167,172,173,239

tin/adiponectin ratio as prognostic or diagnostic

68-70,178.239.240 showed a possible relevance. Apolipoprotein Al

study’
(apoA1l) and apoB/apoAl ratio seem valuable in predicting the MetS
(six studies with a protective effect of apoA1°7217-222 and eight stud-
ies with an effect of increasing risk of increasing apoB/apoAl

ratio92,97,221,222,241 —244)

. There are two studies reporting a diagnostic
value of apoB/apoA1l ratio.”???* Other recurrently reported, poten-
tially useful biomarkers were Gamma GT, (non-high sensitivity) CRP,
ferritin, leukocyte count, hemoglobin and urine pH, and sodium

excretion.

4 | DISCUSSION
This is the first systematic literature review investigating newer bio-
markers for metabolic syndrome (MetS) in CCS, with the aim to obtain

the highest level of evidence by including validated tools for risk of

(A) Pooled results for odds ratio of hyperuricemia

Study Beta SE
Cheserek 2018 1.45 0.206
Moulin 2017 0.51 0.224
Porchia 2018 1.28 0414
Wei 2015 1.12 0.045

Random effects model

Odds Ratio OR  95%-Cl Weight
~H#— 426 [2.84;6.38]
166 [1.07: 2.57]
—%—— 3.60 [1.60: 8.10]

* 3.08 [2.82; 3.37]

25.4%
24.0%
12.3%
38.3%

- —

< 2.94 [2.08; 4.15] 100.0%

Heterogeneity: I = 71%, t° = 0.0784, p = 0.02 '

02 05 1 2 5
(B) Pooled results for odds ratio per unit increase in uric acid

Study Beta SE
Liu 2019 0.489 0.0188
Petrikova 2018 0.005 0.0008
Zhang 2017 0.007 0.0003

Random effects model

Odds Ratio OR

95%-Cl Weight

: 1.630 [1.571;1.691] 15.8%
i 1.005 [1.004; 1.007] 42.0%
- § 1.007 [1.006; 1.008] 42.1%

¢ 1.086 [1.066; 1.106] 100.0%

Heterogeneity: 12 = 100%, t* = 0.0002, p < 0.01 !
0.75

| T |
1 16 2

(C) Pooled results for AUC of hsCRP

Study AUC SE AUC AUC 95%-Cl Weight
Chen 2019 0.68 0.018 — 0.68 [0.65;0.71] 33.8%
Kawada 2012 0.73 0.008 -+ 0.73 [0.72;0.74] 45.0%
Stefanska 2011 0.70 0.031 —— 0.70 [0.64;0.76] 21.2%
Random effects model <> 0.71 [0.67; 0.74] 100.0%

Heterogeneity: 12 = 72%, t* = 0.0007, p = 0.03 ! I

050607 08 09 1

FIGURE 3

Forest plots for different study-specific outcomes. (A) Odds ratio (OR) for hyperuricemia. (B) OR for per unit increase in uric acid.

(C) Area under the curve (AUC) of hsCRP. The sizes of the square boxes on the forest plots are proportional to the total number of patients in the

selected trials
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bias assessment and summary of evidence, and by performing a
meta-analysis.

For five biomarkers, numerous studies with moderate to high
quality of evidence were found for diagnosing and predicting MetS:
uric acid, adiponectin, leptin, hsCRP, and apoB. The evidence was not
sufficient to confirm the value of candidate biomarkers Ip(a), IL-1,
IL-6, and TNF-alpha.

Meta-analysis of eligible studies showed a predictive value of uric
acid for MetS, with a positive association, and a diagnostic value for
hsCRP.

These findings suggest that uric acid, adiponectin, leptin, hsCRP,
and apoB may be used in a screening setting for CCS, in addition to
standard MetS criteria, in order to provide better diagnosis and
prediction of MetS (risk). Systematic reviews in other populations

d,24°7248 and low

have identified not only elevated leptin,?*> uric aci
(HWM) adiponectin,?4>24%2%0 put also 1I-6%*°> and TNF-alpha®*® as
potential MetS biomarkers.

As anticipated, the number of publications for survivors on this
topic was rather limited: we identified only five studies in CCS specifi-
cally, which found a possible predictive value for hsCRP and uric acid,
and conflicting or no evidence for the value of adiponectin, leptin, and
TNF-alpha. Disadvantages of these survivor studies were low patient
numbers and moderate to high (detection and confounding) bias risk.
No studies investigated the diagnostic value of newer biomarkers.
Survivor studies with information on altered biomarker values but no
direct comparison between biomarker and MetS occurrence were
excluded.®%251-20 We expected to miss many relevant studies when
designing the study, if we based our conclusions only on survivor
studies. Therefore, evidence in the younger general adult population
without childhood cancer history was included in our search as well,
leading to 175 general population studies with relevant data which
were generalizable to young adult survivors.

CCS can have an increased risk to develop MetS, in particular
after treatment with cranial and/or abdominal radiotherapy, intensive
chemotherapy, nephrectomy, adrenalectomy, or stem cell transplanta-
tion.#3261-2¢% These therapies can lead to several underlying condi-
tions that can increase the risk for (components of) MetS, such as
hypothalamic damage, growth hormone deficiency, pancreatic beta
cell dysfunction, hypogonadism, hypothyroidism, and altered body
composition with increased abdominal fat.#3261-267

Furthermore, it is well acknowledged that in CCS, the biological
age progresses faster than their true age, as can be derived from their
high level of frailty.*™® Previous studies have shown that the physio-
logic reserve of CCS with a median age of 33 is similar to that of
adults in the general population who are aged 65 years.® For this
reason, we included studies investigating biomarkers for MetS in the
general population, with >75% of participants aged below 65 years, as
may be very well applicable to CCS. We excluded studies investigating
MetS biomarkers among elderly people on purpose, since they have
an even higher level of frailty than CCS, comorbidities, and aging
factors, which may be confounders in the association between the
newer biomarker and metabolic syndrome. We considered that

extrapolating conclusions from a general elderly population to CCS

could draw invalid conclusions. Based on this approach, all available
literature applicable to survivors is now discussed in this review, as it
includes both survivor studies as well as all generalizable data from a
reasoned selection of the general population studies.

On the other hand, several studies excluded people with certain
chronic illnesses.”#7>82:83.167.174-180.226 This may limit applicability of
results to the population of CCS, in which the prevalence of com-
orbidities is high.32>2¢27° Thjs was taken into account when scoring
the risk of bias. Additionally, childhood cancer (treatment)-related
long-term side effects, such as altered fat distribution, sarcopenic obe-
sity, and hormonal disbalances, may play a survivor specific role in the
pathogenesis of MetS'!; development of future studies that apply
the use of biomarkers in large cohorts of CCS is therefore important.

Due to differences in study designs and statistical analyses, a
wide variety of outcome measures was used. There was also substan-
tial diversity in follow-up time in longitudinal studies. By employing
the GRADE tool for summarizing evidence, we were able to draw con-
clusions for each biomarker from this heterogeneity of results. The
meta-analysis was based on few studies, as many studies could not be
included. Also, heterogeneity was high in the meta-analysis on uric
acid per unit increase, as the study of Liu et al.'°® had a remarkably
higher OR than the other two studies.

Furthermore, although the ability of different MetS definitions to
predict diabetes and CVD appears to be similar,>’%?72 the use of dif-
ferent definitions (Table 1) can lead to differences in occurrence of
MetS. There are subtle differences between the definitions that were
mostly used in the included studies (Table 1). The potential conse-
quence of choice of definition is illustrated by studies that tested the
biomarker use in diagnosing or predicting MetS according to multiple
definitions and sometimes found different results depending on the
definition used.®”7183200 Therefore, comparing different studies and
interpreting results of the meta-analysis requires some caution, as a
full comparison of the studies is often not possible.

Adiposity, and hence the MetS, can be underdiagnosed in survi-
vors, due to altered body composition after radiotherapy, stem cell
transplantation, or amputations. For clinical applicability to survivors,
it is important that newer biomarkers play an independent role in
MetS, and measurement of newer biomarkers is only useful when
their effect is not yet captured by established MetS components.
Therefore, we did not investigate routine dyslipidemia and insulin
resistance markers in our search (e.g., LDL and HOMA-IR). Although
apoB and Ip(a) are also lipid markers, they are of interest because they
are better predictors of atherogenicity than triglycerides, HDL and
LDL—particularly apoB, because it gives an estimate of the total num-
ber of circulating atherogenic particles.2”3-27>

In this light, it is also favorable that studies adjust for MetS com-
ponents, such as adiposity and insulin resistance, in order to adjust for

potentially major correlations and interactions'8-27¢-278

and to yield
the independent/additional diagnostic and predictive value of the
biomarker. Furthermore, it remains important to evaluate other tradi-
tional risk factors, including smoking, physical activity, socio-economic
status, and family history?”®2”? In addition, genetic profile may still be

relevant for MetS risk, although so far this is not included in standard
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screening. 2897282 Risk of detection and confounding bias remains high,
especially in the diagnostic studies, as many studies did not adjust for
MetS components and traditional risk factors. In particular for the
diagnostic studies, a risk of (detection and) confounding bias
remained.

The MetS is defined as a cluster of symptoms such as obesity,
hypertension, impaired glucose tolerance, and dyslipidemia.! These
clustered symptoms are related to each other: an imbalance in energy
intake and consumption causes a cascade of increased (visceral) adi-
posity, increased circulating free fatty acids and decreased
adiponectin (which causes also an increase in insulin resistance), and
high levels of pro-inflammatory and pro-thrombotic mediators, such
as TNF-alpha, IL-1, and IL-6.213% Insulin resistance is associated with
a lowered excretion of uric acid by the kidneys and higher uric acid
production.?83284 The adipokines leptin and adiponectin are produced
by adipocytes.?8> Low leptin values trigger metabolic, behavioral, and
endocrine responses that aim at a preservation of the fuel reserves of
the body.?®® Adiponectin enhances insulin sensitization and
suppresses inflammation and cell death.284-2%? Another important
molecule is apoB: all atherogenic lipoproteins carry one single apoB
molecule as their structural protein, and therefore, apoB represents
the atherogenic burden.?’® Serum apoB is a strong predictor of

cardiovascular risks?”3271292

and comes in as an important player for
the MetS in this review as well. One of the low density lipoproteins
carrying an apoB molecule is Lp(a).?’®> The interpretation of
Lp(a) values in an individual can be difficult due to a high heterogene-
ity and wide distribution of Lp(a) concentrations.??* Although
evidence for relevance of Lp(a) for MetS evaluation in survivors was
unavailable, it remains a marker of interest, since elevated Lp(a) levels
were an independent predictor for cardiovascular and cerebrovascular

295-303

outcomes and were inversely associated with T2DM.3%4

An important inflammatory marker is (hs)CRP, which is synthe-

305,306 iy response to infection, inflammation, tis-

sized by hepatocytes
sue damage, and malignant neoplasia.3°>3°¢ CRP binds to LDL30>307
and may have a causal role in atherogenesis,>®° as it is present in
atherosclerotic plaques.®°>3% |nflammatory markers may reflect a
transient state instead of chronic state of inflammation.2°? Still, in the
study of Oda and Kawai, %’ the diagnostic value of hsCRP was
reproducible when the measurement was repeated after 1 year. Many
studies had a high CRP7#166:202203 4 infection88204-206232 4¢
exclusion criterion. Regarding inflammation, smooth muscle cells,
endothelial cells, and macrophages produce cytokines such as IL-1
and IL-6°1°7312 i reaction to metabolic stress,>*%%12 by other inflam-
matory mediators such as interferon-gamma and TNF, and cholesterol
itself.312 Still, the evidence for the usefulness as marker for the MetS
is rather limited.

Due to the systemic nature of MetS, our secondary objective to
reveal other interesting biomarkers yielded many markers. Interesting
markers for further research include Gamma GT, ferritin, leukocytes,
and hemoglobin. In several studies, biomarkers were related to each
other, as MetS components are related as well.3* In one study, leptin
was inversely associated with uric acid excretion®%: in another, a syn-

ergistic effect between hsCRP and high molecular weight adiponectin

was found.3'> Also, ratios of biomarkers (e.g., leptin/adiponectin,
apoB/apoA1l) include extra information and may be better diagnostic
or prognostic agents than single biomarkers. Future studies may
investigate the value of combining biomarkers.

Some limitations are present in this systematic literature.

Many of the included studies had a cross-sectional design, which
is suboptimal to investigate causality; this was taken into account for
the GRADE and level of evidence. Some authors conducted prospec-

89.107.171.201 4nd associated MetS risk at end

tive longitudinal studies
of follow-up with baseline and/or change in biomarker level. Study
designs even more suitable for determining prediction and causality
include prediction models and Mendelian randomization.10831¢-318
These study designs require more time and financial resources and
large cohorts. These types of studies were either not performed or
unsuitable for our research question.

Many studies were performed among Asian cohorts. Asian people

319.320 \vhich is accounted

are more susceptible to insulin resistance,
for in lower waist circumference thresholds. Additionally, there may
be an ethnicity specific component in the relationship between
biomarker and MetS.3217328 This may limit the applicability to a
Caucasian population.

For this literature study, we focused on diagnosis and prediction
of the full MetS; other outcomes such as resolution of the MetS,3??
components of the MetS, CVD, or T2DM were out of
scope. 302330341 Therefore, our findings do not provide a complete
overview of the use of the newer biomarkers in diagnosing and
predicting cardiovascular risk factors in CCS.

We have two suggestions for future research that are relevant for
the implementations of our findings in the follow-up of CCS. The
newer biomarkers could be added as a sixth criterion for MetS. This
application can be especially of value in cases of doubt of MetS diag-
nosis for individuals who had abdominal irradiation: it may be valuable
to replace waist circumference with the adipokines leptin or
adiponectin. This may identify MetS in more survivors and can poten-
tially improve the predictive ability for T2DM and CVD.3%”

An important requirement for the applicability of these newer
biomarkers in such a screening setting for MetS (risk) in CCS is the
determination of a threshold. For uric acid, this is relatively well
established (Table S5); for other biomarkers, this is less clear, as is
illustrated by the range of applied thresholds (Table S5). This is partly
because of the use of different assays and testing of subfractions of a
biomarker, such as high molecular weight adiponectin. Also, a tradeoff
between sensitivity and specificity may influence the determination
of an optimal threshold.

In conclusion, based on this systematic literature search, we sug-
gest to consider the additional use of uric acid, adiponectin, hsCRP,
leptin, and apoB in the screening setting for metabolic syndrome in
CCS. As our conclusions are largely based on general population
studies, studies in CCS are needed. Furthermore, future studies may
specifically test the use of newer biomarkers as additional MetS
components and define optimal thresholds. The addition of one or
more of these newer biomarkers as a criterion for MetS may lead to a

newer and better classification and enhanced identification of risk of
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devel

oping T2DM and CVD, especially in CCS in whom components

are difficult to evaluate in the currently applied definitions. Early inter-

vention can delay or prevent complications and hence improve very

long-term survival outcomes and quality of life.
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