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Abstract

Objectives: Biological variation data (BV) can be used for
different applications, but this depends on the availability
of robust and relevant BV data. In this study, we aimed to
summarize and appraise BV studies for tumor markers, to
examine the influence of study population characteristics
and concentrations on BV estimates and to discuss the
applicability of BV data for tumor markers in clinical
practice.

Methods: Studies reporting BV data for tumor markers
related to gastrointestinal, prostate, breast, ovarian, hae-
matological, lung, and dermatological cancers were
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identified by a systematic literature search. Relevant
studies were evaluated by the Biological Variation Data
Critical Appraisal Checklist (BIVAC) and meta-analyses
were performed for BIVAC compliant studies to deliver
global estimates of within-subject (CV;) and between-
subject (CV¢) BV with 95% CI.

Results: The systematic review identified 49 studies
delivering results for 22 tumor markers; four papers
received BIVAC grade A, 3 B, 27 C and 15 D. Out of these, 29
CV;and 29 CV; estimates met the criteria to be included in
the meta-analysis. Robust data are lacking to conclude on
the relationship between BV and different disease states
and tumor marker concentrations.

Conclusions: This review identifies a lack of high-quality
BV studies for many tumor markers and a need for delivery
of BIVAC compliant studies, including in different disease
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states and tumor marker concentrations. As of yet, the
state-of-the-art may still be the most appropriate model to
establish analytical performance specifications for the
majority of tumor markers.

Keywords: biological variation; critical review; meta-
analysis; tumor marker.

Introduction

Current clinical practice in oncology focuses on early
diagnosis, proper prognostication, and screening in
asymptomatic groups to reduce the burden of cancer [1].
Measurements of tumor markers in serum and other bio-
logic fluids may be instrumental for this purpose; being
used to screen selected populations to enable early diag-
nosis, provide tumor classification and staging, aid in
prognosis and to monitor progression or recurrence [2, 3].
Sequential tumor marker measurements are primarily used
to deliver early information about response to therapy and
early detection of recurrence [3]. Some are more appro-
priate for follow-up and others for the early detection of
recurrence disease.

When monitoring patients over time, random biolog-
ical variation (BV) will influence the results. There are two
components of random BV: within-subject BV (CVy);
describing the variation around the homeostatic set point
of an individual and between-subject BV (CV); describing
the variation between the set points of different individuals
[4].

BV data have many different applications in laboratory
medicine, including to set analytical quality specifications
for relevant measurands [4], to calculate the Index of In-
dividuality (II) which provides information about the utility
of using population based reference intervals for test
interpretation [5] and to aid in interpretation of variations
in serial results. For this latter purpose, the reference
change value (RCV), calculated on estimates of CV; and
analytical variation (CV,) can be used [6]. The RCV enables
the assessment of whether the difference between two
consecutive measurements can be explained by analytical
and biological variation, with a given probability. How-
ever, BV data are often derived from studies on healthy
volunteers. In healthy individuals, most tumor markers are
present in low concentrations, thus potentially delivering
limitations for users intending to apply BV data clinically
in patients [7].

Many published BV studies, including for tumor
markers, were performed several decades ago. Improve-
ment in analytical methods for tumor markers has led to
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the delivery of more accurate results, and it is thus likely
that historically reported estimates may be less relevant for
today’s practice. Thus, for some tumor markers, a limited
number of studies of acceptable quality may be available
and data for relevant subpopulation and sampling in-
tervals may be scarce. The Biological Variation Data Crit-
ical Appraisal Checklist (BIVAC) provides an objective
appraisal of the quality of BV publications by verifying
whether all essential elements that may impact the reli-
ability and of the derived BV estimates are present [8, 9].

This study aimed to summarize and evaluate, by the
use of the BIVAC, BV studies for tumor markers related to
gastrointestinal, prostate, breast, ovarian, haemato-
logical, lung, and dermatological cancers and to examine
the effect of study populations’ characteristics and
measurand concentrations on the BV estimates. We also
provide updated BV estimates delivered by meta-analysis
of BIVAC-compliant studies with similar study design and
discuss potential applications of BV data for tumor
markers.

Materials and methods

Studies included in this review were identified in a historical BV
database [10], and by a systematic literature search in PubMed pub-
lished until October 2020, using an approach previously described by
Aarsand et al. [9] for the following tumor markers: a-fetoprotein (AFP),
cancer antigen-19.9 (CA19.9), cancer antigen-125 (CA125), Cancer
antigen-15.3 (CA15.3), cancer antigen-54.9 (CA54.9), carcinoem-
bryonic antigen (CEA), Cyfra 21.1 antigen, human epididymis protein 4
(HE-4), mucinous carcinoma associated antigen (MCA), neuron-
specific enolase (NSE), pepsinogen I and II, pro-gastrin releasing
peptide (ProGRP), tissue polypeptide antigen (TPA), tissue poly-
peptide specific antigen (TPS), total prostatic specific antigen (tPSA),
conjugated prostatic specific antigen (cPSA), free prostatic specific
antigen (fPSA), B-2-microglobulin, cancer antigen 72.4 (CA-72.4),
chromogranin A and S100.

The publications in this review are identified by the article
number assigned in the EFLM BV Database [11] and summarized with
their BIVAC grade in Supplementary Table 1. An overview of the
included BV studies is provided in Table 1. When one study included
estimates for several different subpopulations, such as based on sex,
age, or health status, a subscript (a, b, c or d) was added to the article
number. Appraisal of publications by the BIVAC quality items (QI)
(Supplementary Table 2) was independently performed by two re-
viewers [9]. In this process, each study was assessed and graded
against 14 QIs, with alternative scores A, B, C, or D awarded to verify
whether the essential elements required to deliver a valid study of BV
were present, as documented previously [12-14]. The lowest score
given to any of the QI determined the overall BIVAC grade for the
study. When a study included estimates for different study subgroups,
such as health status, age and gender, appraisal was performed
independently for each subset. If there was disagreement for any of the
QIs, a third assessor performed a full new review [9].
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Table 1: Number of papers identified by the systematic review, with
number of subgroups and BIVAC grade.

BIVAC grades
(number of
papers)
Measurands Number of Numberof A B cC D
papers  subgroups
AFP 4 8 1 0 2 1
B-2-microglobulin 4 4 1 0 1 2
CA125 9 11 1 1 2 5
CA15.3 9 14 1 0 2 6
CA19.9 5 9 1 0 4 0
CA54.9 1 1 0 0 0o 1
CA72.4 2 2 0 1 1 0
CEA 15 23 1 0 8 6
Chromogranin A 2 4 0o 1 1 0
Cyfra 21.1 antigen 3 7 1 0 1 1
HE-4 p 6 1 1 0 0
MCA antigen 2 2 0 0 0o 2
NSE 6 8 1 2 3 0
Pepsinogen | 1 1 0 0 1 0
Pepsinogen I 1 1 0 0 1 0
ProGRP 1 1 0 0 1 0
cPSA 3 5 1 0 2 0
fPSA 9 14 1 0 6 1
tPSA 16 38 1 0 13 2
S100B 3 3 1 0 2 0
TPA 5 5 0 0 4 1
TPS 1 1 0 0 1 0

AFP, a-fetoprotein; CEA, carcinoembryonic antigen; CA, cancer
antigen; HE-4, human epididymis protein 4; MCA, mucinous
carcinoma associated antigen; NSE, neuron-specific enolase; ProGRP,
pro-gastrin releasing peptide; cPSA, conjugated prostatic specific
antigen; fPSA, free prostatic specific antigen; tPSA, total prostatic
specific antigen; TPA, tissue polypeptide antigen; TPS, tissue
polypeptide specific antigen.

Ninty five percent confidence intervals (CIs) for the individual
BV estimates were calculated as described by Burdick [15], if the
required information was provided, including the mean number of
subjects and samples and CV, estimate. Meta-analyses for each tu-
mor marker were performed on BIVAC compliant studies (BIVAC
grades A, B or C) which had been performed in healthy adults (18-75
years) with sampling intervals from biweekly to monthly including at
least three samples per subject [9]. The method applied was the
weighted median approach, by this, global CV;and CV; estimates are
calculated by using the BIVAC quality grade (grade A weighted by 4,
B by 2 and C by 1) and the inverse of the CI as weights, as previously
described [9]. Since the 95% CI is used as a weight, only studies
where CI was reported or could be calculated were included [9].
Finally, a percentile bootstrap with the weighted median was used
for calculating the CIs [16].

APS, 11 and RCV, based on meta-analysis derived BV data, were
calculated for all tumor markers following the currently recommended
formulas [17-19]:

CVAps =0.5x% CV[
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Biassps = 0.25 x/CV2+ CV2
CV[
M=_——
CVe

RCV were estimated as

SDj g = Log(CV} +1)
SD; 1, = Log,(CV} +1)
SD* = \[SD} 1og+ SD7 1o

RCV% = 100 % x e ( (2ZxVZx5D*)-1)

where SD,, 10¢ is the analytical SD calculated from the back-log
transformation of CV»; the SDy 1o, is the within-subject SD calculated
from the CV; estimates; and the SD*, the combination of the SD,, 1o¢
and SDy, 10,. For a significant unidirectional change, the z value was
accepted as 1.65 for the probability level at 95%.

Results

The systematic review identified 49 studies (Supplemen-
tary Table 1) delivering results for 22 different tumor
markers (Table 1). The highest number of studies was
available for tPSA and CEA, 16 and 15, papers respectively.
For five measurands (CA54.9, pepsinogen I and II, proGRP
and TPS), only a single study was identified. For the other
tumor marKkers, four or less papers were identified (Table 1).
Most BV studies had been performed in healthy volunteers
(23 papers) and 14 in unhealthy subjects.

Appraisal with the BIVAC identified four papers with
grade A, 3 as B, and 27 papers as C (Table 1). Fifteen papers
were graded as D, which included all studies reporting BV
estimates for MCA (2 papers) and CA54.9 (1 paper).

The main reason for a BIVAC grade B was the failure to
examine steady state (QI7). QlIs eliciting grade C were
mainly related to the statistical study items, i.e. variance
homogeneity (QI10), testing of outliers (QI8) and whether
the study provided the number of results that were used to
estimate the BV components (QI13). A BIVAC grade D was
assigned due to an insufficient description of the study
population (number of participants, sex, age) (QI2) or for
having applied obsolete analytical methods (QI4) [20].

A total of 137 CV; and 79 CV;; estimates were obtained
from papers with BIVAC grade A, B or C. Of these, 29 CV;
and 29 CV; estimates met the criteria to be included in the
meta-analysis (Table 2 and Supplementary Table 3). The
main reasons for exclusion of studies from of meta-
analyses were: study population included unhealthy in-
dividuals; and less than three samples collected number of
samples per subject less than three or samplsampling in-
tervals more frequent than es not collected between 2/week
andor less frequent than 1/month (“not fulfilling sampling
interval/number of samples criteria”).
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Table 2: CV, and CV¢ estimates with 95% Cl derived from meta-
analysis of BIVAC compliant studies with similar study design.

Meta-analysis derived BV

estimates

Measurands N n Nm nm CV,(Cl95%) CVg (Cl 95%)
AFP 4 8 2 2 4.6 (4.1-26.7) 54.8
(43.6-57.7)

B-2-microglobulin 4 3 2 2 4.1 (4-5.9) 11.5
(11.2-15.5)

CA125 9 11 3 3 6.6(6.3-23.3) 42.5
(10.6-70.6)

CA15.3 9 14 1 1 4.4° 36.8%
CA19.9 5 9 3 3 4.3 (4-27.2) 57.6
(56-102.2)

CA72.4 2 2 1 1 50.37 103.4%
CEA 15 23 3 3 6.8(6.3-30.9) 59.2
(37.1-59.8)

Cyfra21.1antigen 3 7 1 1 19.72 29.5%
Chromogranin A 2 4 2 2 14.8 30.7
(12.8-16.3) (26.3-33.5)

HE-4 2 6 2 2 7.1(6.7-9.7) 17.9
(16.4-18.5)

NSE 6 8 4 4 10.9 16.6
(10.1-21.5) (11.5-28.8)

cPSA 3 5 1 1 8.8° 57.7%
fPSA 9 14 1 1 7.1° 46.2%
tPSA 16 38 1 1 6.87 42°
S100B 3 3 1 1 10.2° 32.7°
TPA 5 5 1 1 27.1% 62.4°

N, number of papers; n, number of subgroups; Nm, papers include in
meta-analysis; nm, subgroups include in meta-analysis; AFP,
o-fetoprotein; CEA, carcinoembryonic antigen; CA, cancer antigen;
HE-4, human epididymis protein 4; NSE, neuron-specific enolase;
cPSA, conjugated prostatic specific antigen; fPSA, free prostatic
specific antigen; tPSA, total prostatic specific antigen; TPA, tissue
polypeptide antigen. Tumor markers without papers included in the
meta-analysis were not included in this Table. *Markers with only one
paper fulfilling criteria to be included in meta-analysis, thus no Cl is
reported.

The appraised papers mainly included tumor markers
analysed in serum, with only three studies having used
plasma for analysis (paper 201: CA125, CEA, Cyfra21.1 an-
tigen; paper 208: chromogranin A, and paper 353: tPSA,
fPSA).

An overview of CVyand CV; estimates for studies with
BIVAC grades A, B, and C are provided in Figures 1 and 2 for
CEA, Figures 3 and 4 for tPSA, and Supplementary Fig-
ures 1-27 for the rest of the tumor markers, except for
CA54.9, pepsinogen I and II, proGRP and TPS, where only a
single study was available. Results for II and RCV are
summarized in Table 3.
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Discussion

Applications of BV data for laboratory and clinical appli-
cations demand high-quality and well characterised BV
estimates derived from relevant study populations [12]. For
many measurands, including, as shown in our study, tu-
mor markers, there is a lack of reliable data, making it
challenging to obtain robust global estimates of CVy and
CVg. This systematic review provides an overview of pub-
lished BV data for tumor markers and addresses both the
complexity and quality issues that could limit the use of
tumor marker BV data in clinical practice.

Quality and study characteristics of BV
studies for tumor markers

Generally, the quality of reported BV estimates is often
compromised by variations in study design and the applied
methodology. For tumor markers, there is an additional
issue in that several historical studies have used older
analytical methods, which may have delivered less accu-
rate estimates. For some markers such as tPSA and CEA,
our review identified a relatively high number of studies,
but in total only four studies received the highest quality
grade. These four studies, all derived from the European
Biological Variation Study (EuBIVAS) [21, 22], comprised
BV data for NSE, S100B [23], PSA [24], B-2-microglobulin
[25], and more recently for AFP, CEA, CA125, CA15.3,
CA19.9, HE4, and Cyfra21.1 antigen [26]. There were four
papers graded B, providing data for chromogranin A,
CA125, HE4, NSE, and CA72.4. All of the remaining papers
were graded C (27 papers) or D (15 papers) (Table 1).
Generally, more high-quality studies are warranted for
tumor markers, in particular for CA54.9, pepsinogen I and
II, proGRP and TPS where data were derived from only
single studies and for CA54.9 and MCA, and where only
grade D studies are available.

We also evaluated the effect of study population
characteristics and concentrations of the different tumor
markers on the BV estimates. There are, however, insuffi-
cient data to draw any robust conclusions on the influence
of age and sex on CV; estimates. Some data are available for
markers related to gastrointestinal tumors. For CEA and
CA19.9, no significant differences between CV; estimates
derived from studies performed only in females [26—28] and
mixed-gender population [29-32] were observed, except for
in paper 358 (mixed) [33] (Figure 1). For AFP, Coskun et al.
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Figure 1: Estimates of within-subject biological variation (CV, + Cl 95%) for carcinoembryonic antigen (CEA).

Symbols indicate which studies have been included and excluded from the meta-analysis, grouped based on the cause of exclusion. The X-axis
numbers represent the reference identification number in the EFLM biological variation database (as listed in Supplementary Table 1) and
letters different subgroups. Cl for individual papers are shown as error bars around the CV, data point. Capital letters indicate the BIVAC grade
given to the study from which the estimate has been derived from. In text causes of meta-analysis exclusion, No CV,: the study did not report
any analytical CV estimate. Not fulfilling sampling interval/number of samples criteria: less than three samples collected per subject or
sampling intervals more frequent than 2/week or less frequent than 1/month.
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Figure 2: Estimates of between-subject biological variation (CV¢ + Cl 95%) for carcinoembryonic antigen (CEA).

Symbols indicate which studies have been included and excluded from the meta-analysis, grouped based on the cause of exclusion. The X-axis
numbers represent the reference identification number in the EFLM biological variation database (as listed in Supplementary Table 1) and
letters different subgroups. Cl forindividual papers are shown as error bars around the CV¢ data point. Capital letters indicate the BIVAC grade
given to the study from which the estimate has been derived from. In text causes of meta-analysis exclusion, not fulfilling sampling interval/
number of samples criteria: less than three samples collected per subject or sampling intervals more frequent than 2/week or less frequent

than 1/month.

have lately observed significant differences in CV; esti- younger females; however, they did not identify a signifi-
mates between males and females [26] and for CA19.9, cant difference between CV; estimates for CEA in these two
significantly lower CV; in postmenopausal women than females groups, as Tuxen et al. [7] reported previously.



DE GRUYTER Marques-Garcia et al.: Systematic review of biological variation data for tumor markers —— 499
tPSA
Not fulfilling
35 7 Unhealthy & Not fulling sampling
sampling interval/number interval/number
Unhealthy of samples criteria of samples criteria
30 4
2
25 A

§ Excluded
meta-analysis

Included
meta-analysis

CVI (%)
o
——

% Plasma matrix
papers

Pl

il

e L L
B FE P @ ST T O S ST P

Paper number

Figure 3: Estimates of within-subject biological variation (CV, + Cl 95%) for total PSA (tPSA).

Symbols indicate which studies have been included and excluded from the meta-analysis, grouped based on the cause of exclusion. All the
included studies were graded as BIVAC C, except 248 (grade A). The X-axis numbers represent the reference identification number in the EFLM
biological variation database (as listed in Supplementary Table 1) and letters different subgroups. Cl for individual papers are shown as error
bars around the CV, data point. In text causes of meta-analysis exclusion, not fulfilling sampling interval/number of samples criteria: less than

three samples collected per subject or sampling intervals more frequent than 2/week or less frequent than 1/month.

Braga et al. [34] did not identify differences in CV; es-
timates between genders for NSE or chromogranin A.
Regarding changes related to life phases, Braga et al. in
another study [35] and the EuBIVAS [26] observed lower CV;
estimates for HE4 in postmenopausal healthy women
compared to fertile women. Lower CV} estimates in post-
menopausal women compared with younger females were
also observed for Cyfra21.1 antigen, CA125, and CA15.3 in
the EuBIVAS. These findings should be taken into account
when applying BV data.

For the studies included in our review, different sam-
pling intervals were applied, ranging from hourly to yearly.
Differences in sampling intervals could influence CVj es-
timates [36]. A higher number of studies were available for
tPSA with CVy estimates that appear to increase slightly
depending on the duration of the study, from a week (short-
term) to a year (long-term), in different disease states as
well as in a healthy population (Figure 4A). Understanding
the characteristics of this variation could have a clinical
impact influencing the definition of follow-up periods be-
tween medical examinations in these patients.

Another question arising is whether there is a rela-
tionship between CV; estimates and tumor marker con-
centration. There were some differences in CV; estimates
relative to CEA concentration and health status, but no
clear conclusion can be drawn (Supplementary Figure 13).

In healthy individuals with CEA concentrations ranging
from 1.01 to 1.88 pg/L, different results have been re-
ported; CV; estimates around 10% [26, 28, 30], Erden et al.
[33] reported a CV; of 30.9% and the EuBIVAS the lowest
CVy, at 6.3% (6.0-6.7%) [26]. Tuxen et al. [28] reported a
CV; estimate of 13.9% in another group of healthy in-
dividuals, where the mean CEA concentration was
3.8 pg/L. Dittadi et al. [31] reported in breast cancer pa-
tients with CEA concentration ranging from 1.0 to
2.6 ug/L, a CVy of 8.4% and Plebani et al. a CV; of 10.9% in
patients with colon adenocarcinoma, with a median CEA
concentration of 7.4 pg/L [30]. These same authors did not
find statistically significant differences when evaluating
BV of CA19.9 and TPA in healthy and in colorectal cancer
patients [29].

Estimates for tPSA were also grouped according to the
type of study population, and for each group, estimates
were ranked from the lowest to the highest concentration
(Figure 4B). With this data, there was a huge variation in
the CV; estimates, but no appearant differences were
observed in CV; estimates with different concentrations of
tPSA, both by type of pathology or between healthy and
unhealthy individuals. A previous study has indicated that
CV; for a number of analytes, which are the key determi-
nant in some organ-related pathologies, is larger than the
CV; estimated in healthy subjects [37].
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Figure 4: Estimates of within-subject biological variation (CV, + Cl 95%) for unhealthy total PSA (tPSA).

Grouped for the type of pathology and study duration (A), and for pathology and tPSA concentration (B). The X-axis numbers represent the
reference identification number in the EFLM biological variation database (as listed in Supplementary Table 1) and letters different subgroups.
Cl for individual papers are shown as error bars around the CV, data point. BPH: benign prostatic hyperplasia. Asterisks indicate sample
material plasma, mix: included diferents prostatic pathologies. Each symbol in figure represent a group indicated in the upper labels of the

graph.
concentrations and disease states on CV; estimates. Further

studies, assessing different population and disease groups
in a head to head design would be required to more

Generally, the design for studies assessing different
disease states and population groups vary substantially,
and it is thus difficult to separate out the effect of different
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Table 3: Index of individuality (Il) and reference change value (RCV)
calculated from meta-analysis derived biological variation
estimated.

Measurands ] RCV, %

AFP 0.1 -12to 13.6
B-2-microglobulin 0.43 -10.8t0 12.1
CA125 0.18 -16.41t019.6
CA15.3 0.13 -10.8t0 12.1
CA19.9 0.13 -15.5t0 18.3
CA72.4 0.49 —-66.9 t0 202.0
CEA 0.14 -17.4t0 21.1
Cyfra 21.1 antigen 0.67 -36.6t0 57.8
Chromogranin A 0.49 -29.3t0 41.4
HE-4 0.4 -15.3t0 18.1
NSE 0.7 -23.7to 31.1
cPSA 0.17 —-20.6 t0 26.0
fPSA 0.16 -15.4 10 18.3
tPSA 0.18 -16.1t0 19.1
S100B 0.32 -21.5t027.4
TPA 0.46 -47.9t0 91.9

Il, index of individuality; °RCV asymmetrical, reference change value
calculated at Z=1.65 for the probability level of significant change set
at 95%. CV, calculated from the mean CV, of the papers included in
the meta-analysis for each tumor marker.

robustly assess the relationship between CVj, tumor
marker concentrations and disease states.

APS for tumor markers

APS are required to assure and ensure that the performance
characteristics of laboratory methods adopted are fit for
clinical application. Three models have been proposed for
setting APS [38]. Generally, the use of a BV model is rec-
ommended in the absence of clinical outcome studies [39].
According to Ceriotti et al., the BV model is better applied
to measurands under homeostatic control or measurands
with a stable measurable concentration. The BV estimates
of tumor markers in healthy people depend upon the
physiological fluctuation in concentration due to vari-
ability in production in the noncancerous cells and to
variability in release and elimination from the circulation
[27, 30].

In principle, the BV model for APS is not the most
appropriate for tumor markers; generally low measurand
values are observed in non-diseased subjects, and these
markers are not under a strict homeostatic control.
Nevertheless, in the absence of relevant clinical outcome
data, BV data may still have some utility in setting APS.
However, the huge variability in CVy estimates for some
tumor markers (Table 2) indicates that, based on presently
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available BV data, the uncertainty in these APSs will be
large [39]. Generally, it is important that users recognise
that the APS we present are suggestions rather than
definitive specifications and must be applied with care. In
Supplementary Table 4, desirable CV and bias derived
on BV meta-analysis data are presented. Desirable CV,
(<0.5*CVy) for AFP, CA125, CA19.9, CEA, NSE, tPSA and
S100p are stricter than the general goal suggested by the
National Academy of Clinical Biochemistry (NACB) for
analytical imprecision in relation to monitoring (<10%)
[40]. Analytical requirements for bias for tumor markers
have not yet been published. We did not calculate APS for
bias for AFP, CA125, CEA, CA19.9 and tPSA, as the CVg
estimates were higher than 33%, indicating the skewed
distribution of the homeostatic points of the individuals
[41, 42]. For some tumor markers such as CA15.3, CA72.4,
Cyfra21.1, tPSA, S100p and TPA, only one study fulfilled the
criteria set for being included in the meta-analysis; and the
APS are based on estimates from that single dataset. Thus,
considering the lack of reliable BV data for many measur-
ands, state-of-the-art analytical performance may yet be
the best candidate to establish APS for many tumor
markers.

Assessment of serial changes in tumor
markers

Recommendations for interpretation of changes in tumor
markers concentrations, by different scientific groups such
as the European Group on Tumor Marker (EGTM), the Na-
tional Academy of Clinical Biochemistry (NACB) and the
American Society of Clinical Oncology (ASCO) are based on
studies that use cut-off values or empirically established
increases and none of the recommendations include BV
data [43-45]. BV data derived from healthy individuals
with normal tumor marker concentrations are likely to
have limited utility in many patients with cancer, but for
patients in remission who are monitored for biochemical
relapse, the RCV concept may add useful information
[46, 47]. The Il is useful for deciding whether it is suitable to
use population based reference intervals for evaluating
individual patient test results when monitoring, or if RCV is
the better approach [17]. When 1II is below 0.6, the usual
range of results for an individual subject spans only a small
part of the population reference interval. Hence, a low in-
dex suggests that reference intervals have little value in
detecting unexpected results for an individual subject
[17, 47]. The II of the tumor markers included in our study
varied, ranging from 0.1 for AFP to 0.7 for NSE. For most,
the IIis lower than 0.6, indicating that RCV is suitable to be
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applied as a monitoring tool. For Cyfra 21.1 antigen and
NSE, on the other hand, the CV; estimate is very close to the
CV; value, indicating a low individuality.

We calculated RCVs based on the one-sided asym-
metrical approach since in a setting with a patient in
remission with normal concentrations, we are looking for
an increase in the tumor marker concentration [19, 47]. An
upward increase could be interpreted as a potential
increased release of a tumor marker. In our study, the RCVs
were calculated using estimates derived from the meta-
analysis and CV, estimates calculated from the mean CV
of the included papers. In practice, CV, estimates from the
laboratory’s own internal long-term quality control should
be used to derive RCVs.

The meta-analysis based RCV derived from our study,
based on data from healthy subjects, is for tPSA 19.1%
(Table 3) [24] similar to the RCV value based on data from
patients with PCa (19.4%) [48]. For metastatic prostate
cancer, ASCO has established as a criterion of progression
an increase of the tPSA of 25% plus criterion of
nadir + 2 pg/L [45].

Regarding CEA, although serial measurements are
widely used in surveillance, there is a lack of agreement
on the magnitude of concentration change that consti-
tutes a clinically significant increase [3]. The NACB and
EGTM recommendations describe an increase in CEA as
significant, if the elevation is at least 30% over that of the
previous value [1, 44]. Plebani et al. [30] suggested a RCV
for detecting disease progression in patients with ovarian
and colorectal cancer of 32.7%. Our lower RCV of 21.1% is
established on data from healthy individuals, whose
serum CEA concentration is within the normal range, and
may not be representative for patients with high con-
centrations. Soletormos et al. [49] evaluated sequential
concentrations of CA15.3, CEA, and TPA during moni-
toring of patients with breast cancer, observing that the
variability of concentrations during steady state and the
rate of increments during progression differed between
the secretory markers CA15.3 and CEA and the cell turn-
over marker TPA. The authors suggested that when
monitoring patients, both the variation in steady state
and the rate of increase in progression must be taken into
account for each marker [49]. An alternative approach for
monitoring individual patients, is to establish personal-
ized reference interval, which can derived based on pre-
vious test results from steady state and estimates of
analytical and biological variation [50]. This model for
deriving personalized reference interval is a recently
introduced concept, and further work is required to show
whether the use of personalized reference intervals can
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lead to earlier detection of recurrence of cancer and
improved outcomes.

Limitations

Currently, published studies on BV in tumor markers have
important limitations. Though BV data are available for a
large number of tumor markers (22 different markers),
much of these data are derived from a limited number of
studies. Based on the BIVAC criteria [9], only papers pub-
lished by the EuBIVAS group (4 papers) [23-26] received an
A grade, reporting BV data for 13 tumor markers. For eight
of the remaining 16 tumour markers for which there were
elighible data for meta-analysis, only one study fulfilled
the inclusion criteria. This small number of eligible studies
prevents us from delivering global BV estimates with suf-
ficient robustness for most tumor markers.

Generally, BV estimates obtained for tumor markers
have limitations for use in calculating APS, and in this
article, BV-based APSs are described only as a suggestion.

Furthermore, our study reports meta-analysis based BV
data derived from healthy individuals. There are a lack of
robust data from relevant patient groups and our results
have limited applicablitity for patients with cancer. The
usefulness of BV estimates for tumor markers for the inter-
pretation of changes in serial determinations based on RCV
has recently been questioned, with van Rossum et al. [51]
describing the limitations of using RCV and what factors
need to be considered to overcome the limitations of RCV.

Conclusions

In this study, we have summarized published BV data for a
wide range of tumor markers. Though a substantial num-
ber of BV studies for tumor markers has been published, it
is necessary to increase the number of high-quality studies
performed in relevant populations, derived by the use of
recent analytical technologies, for many measurands.
There are also a lack of data to draw any robust conclusions
on the influence of population characteristics and tumor
marker concentrations on BV. Due to questions regarding
the appropriateness of the BV model to set APS for these
measurands, as well as the limitations in the quality of
available BV data, state-of-the-art may still be the most
appropriate model to establish APS for the majority of tu-
mor markers. Application of BV data for delivery of
personalized reference intervals and for RCVs, based on
data from relevant study populations, may theoretically be
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useful in monitoring of patients for biochemical relapses,
but as of yet, further studies are required to demonstrate
their clinical applicability.
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