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AIMS
To investigate 25-hydroxycholecalciferol [25(OH)D] population pharmacokinetics in
children and adolescents, to establish factors that influence 25(OH)D pharmacokinetics and
to assess different vitamin D3 dosing schemes to reach sufficient 25(OH)D concentrations
(>30 ng ml−1).

METHODS
This monocentric prospective study included 91 young HIV-infected patients aged 3 to 24
years. Patients received a 100 000 IU vitamin D3 supplementation. A total of 171 25(OH)D
concentrations were used to perform a population pharmacokinetic analysis.

RESULTS
At baseline 28% of patients had 25(OH)D concentrations below 10 ng ml−1, 69% between
10 and 30 ng ml−1 and 3% above 30 ng ml−1. 25(OH)D pharmacokinetics were best
described by a one compartment model with an additional production parameter
reflecting the input from diet and sun exposure. The effects of skin phototype and
bodyweight were significant on 25(OH)D production before any supplementation. The
basal level was 27% lower in non-white skin phototype patients and was slightly decreased
with bodyweight. No significant differences in 25(OH)D concentrations were related to
antiretroviral drugs. To obtain concentrations between 30 and 80 ng ml−1, patients with
baseline concentrations between 10 and 30 ng ml−1 should receive 100 000 IU per 3
months. However, vitamin D deficient patients (<10 ng ml−1) would need an intensive phase
of 100 000 IU per 2 weeks (two times) followed 2 weeks later by a maintenance phase of
100 000 IU per 3 months.

CONCLUSIONS
Skin phototype and bodyweight had an influence on the basal production of 25(OH)D.
According to 25(OH)D baseline concentrations, dosing schemes to reach sufficient
concentrations are proposed.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Vitamin D deficiency is associated with

musculoskeletal disorders and has been
recently related to a higher risk of mortality
and HIV disease progression in adults.

• A high prevalence of vitamin D deficiency in
HIV-infected children and adolescents has
been reported.

WHAT THIS STUDY ADDS
• This is the first population pharmacokinetics

analysis of 25-hydroxycholecalciferol
(25(OH)D) in HIV-infected children and
adolescents.

• Skin phototype and bodyweight were
shown to influence the 25(OH)D basal
production.

• Different vitamin D3 dosing regimens were
assessed to reach sufficient 25(OH)D
concentrations.
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Introduction

High prevalences of vitamin D deficiency and insufficiency
defined respectively as 25-hydroxycholecalciferol [25(OH)D,
calcidiol] serum concentrations below 10 and between 10
and 30 ng ml−1 have been reported in the general population
as well as in HIV-infected patients [1–3]. Vitamin D deficiency
is associated with the risk of peripheral fractures, osteopenia
or rickets [4–7]. Furthermore, many observational studies
have reported that vitamin D insufficiency may be associated
with non-skeletal disorders such as auto-immune diseases,
cancers, infections or cardiovascular diseases [4, 6]. Currently,
a sufficient 25(OH)D concentration in adults is defined by
most experts as a target of 30 ng ml−1 which corresponds to
the minimum concentration that does not increase plasma
concentrations of parathyroid hormone (PTH) [6, 8, 9].
25(OH)D concentrations above this cutoff reduce the risk
of peripheral fractures, osteopenia and rickets. Vitamin D
toxicity is usually reported for serum concentrations above
150 ng ml−1. However an upper safety limit of 80 or
100 ng ml−1 has been previously considered [6, 10, 11]. Differ-
ent factors such as a low sun exposure, insufficient dietary
intake or skin phototype are known to impact the 25(OH)D
serum concentrations. Regarding the HIV-infected patients,
antiretroviral treatment could also have an influence by
modifying vitamin D metabolism [3, 12–14], especially with
efavirenz (EFV) [1, 15, 16].

Children and adolescents have a particular risk regard-
ing vitamin D deficiency and its impact on bone growth
and calcium absorption. The prevalence of vitamin D defi-
ciency between HIV-positive and HIV-negative children
has been compared and no significant differences were
pointed out [17–19]. However, very few studies have inves-
tigated the effect of antiretroviral therapies on vitamin D
metabolism in HIV-infected children. The influence of EFV
on vitamin D deficiency has been evaluated in adults.
However it remains to be investigated further in children
as few studies exist with contradictory results [17, 20, 21].
Moreover, even if several clinical trials have evaluated
weekly, monthly or bi-monthly vitamin D3 supplementa-
tion schemes in HIV-infected adolescents, no dosing rec-
ommendations based on efficacy thresholds are currently
available [20, 22, 23].

The aims of this study were i) to investigate the popula-
tion pharmacokinetics of 25(OH)D in HIV-1-infected children
and adolescents, ii) to investigate the factors that influence
25(OH)D pharmacokinetics in this population and iii) and to
propose a dosing recommendation in order to reach the
25(OH)D target of 30–80 ng ml−1 for most patients.

Methods

Study protocol
This study was conducted prospectively between Decem-
ber 2010 and September 2011 in one medical centre in the

Paris region (latitude: 48.50 N). All patients followed for
HIV-1 infection were enrolled during ambulatory care visits
to the Necker-Enfants Malades Hospital, Paris, France. This
data collection has been used, in part, in a first analysis by
Meyzer et al. to describe the prevalence of vitamin D insuf-
ficiency or deficiency in HIV-positive and HIV-negative
(control group) children and young adults [21].

Age, bodyweight (BW), body mass index (BMI), skin
pigmentation (scored from 0 to 6 by the Fitzpatrick
skin phototype classification [24]), vitamin D supplemen-
tation in the past year, CD4 T cell count, HIV-1 viral load
and antiretroviral drugs (ARV) were collected during
consultation.

This observational study was approved by the CNIL
(Commission Nationale de l’Informatique et des Libertés)
in December 2010 and oral informed consent was obtained
from parents and children according to French law.

As part of the usual follow-up and monitoring care, all
the patients received at least one 100 000 IU vitamin D3

supplementation (Uvedose®, Crinex laboratories, France)
during winter [25].

Analytical method
Serum 25(OH)D concentrations were measured on real-
time (as part of routine blood testing) using the DiaSorin
RIA method (Saluggia, Italy). The mean intra-assay coeffi-
cient of variation (CV) evaluated from the duplicate meas-
urement of 201 serum samples was 4.1% (SD: 3.2%). Inter-
assay CV evaluated from the daily measurement of serum
pools used as an internal quality control ranged from
5.5% to 10%. The detection limit was 3 ng ml−1. The meas-
urements were done for all patients in the same hospital
laboratory. Vitamin D deficiency was defined as serum
25(OH)D concentrations < 10 ng ml−1 and vitamin D insuf-
ficiency as 25(OH)D concentrations between 10 and
30 ng ml−1.

Modelling strategy and data analysis
Different structural models for 25(OH)D pharmacokinetics
were investigated: one or two compartments with linear
elimination and first order or zero order absorption, with
or without a lag time or a transit compartment for absorp-
tion. Because vitamin D3 supplementation was exclusively
given by the oral route, clearance (CL) and volume of dis-
tribution (V) are apparent parameters, V/F and CL/F, where
F is the unknown bioavailability fraction.

Data were analyzed using the non-linear mixed effect
modelling software program Monolix version 4.1.4
(http://www.lixoft.eu) [26]. Parameters were estimated by
computing the maximum likelihood estimator of the
parameters without any approximation of the model (no
linearization) using the stochastic approximation expecta-
tion maximization algorithm combined with a Markov
Chain Monte Carlo (MCMC) procedure. The number of
MCMC chains was fixed to five for all estimations. Several
error models (proportional, additive or mixed) were
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investigated to describe the residual variability (ε). The
between subject variabilities (η or BSVs) were assumed to
be exponential. The likelihood ratio test (LRT) including
the log-likelihood, the Akaike information criterion (AIC)
and the Bayesian information criterion (BIC) were used to
test different hypotheses regarding the final model,
covariate effect(s) on pharmacokinetic parameter(s),
residual variability model (proportional versus propor-
tional plus additive error model), and structure of the
variance-covariance matrix for the BSV parameters.

The main covariates of interest in the population
were age, gender, skin phototype, seasons, BW, BMI
and co-medications. The effect of each patient covariate
was systematically tested via the LRT. Continuous
covariates (COV), age, BW and BMI, were tested according
to the following equation, using CL as an example,

CL
COV

median COV
CL

COV
CL

= × ( )θ
β

( )
,

where θCL is the typical value of clearance for a patient with
the median covariate value and βCOV

CL is the estimated influ-
ential factor for the continuous covariate. Binary covariates
(CAT): skin phototype, gender, antiretroviral family or com-
bined antiretroviral therapies were tested according to the
following equation,

CL CL CAT
CL CAT= ×θ β( ) ,

where βCAT
CL is the estimated influential factor for the binary

covariate, CAT = 0 stands for the reference θCL value and
CAT = 1 for the CL value in presence of the covariate.

The effects of ARV were investigated as binary
covariates, respectively, for protease inhibitors (PI), non-
nucleoside reverse transcriptase inhibitors (NNRTI), EFV
and tenofovir disoproxil fumarate (TDF). Combined thera-
pies were also tested as binary covariates respectively for
PI + TDF and NNRTI + TDF. The comparison of different
ARV-induced effects was investigated as a categorical
covariate with four different classes for PI, NNRTI, other
antiretroviral association (PI + NNRTI or PI + NNRTI +
integrase inhibitor (II) or PI + II) and no treatment.

Seasons were firstly tested as different groups, then
non-significantly different groups were combined as long
as the BIC value did not increase.

A covariate was finally retained if (i) its effect was bio-
logically plausible, (ii) a reduction in AIC/BIC criteria was
observed (LRT) and (iii) it produced a reduction in the vari-
ability of the pharmacokinetic parameter, assessed by the
associated inter-subject variability.

Evaluation and validation
Graphical evaluation of the goodness-of-fit was mainly
assessed by observed vs. predicted concentrations (PRED-

DV) and weighted residuals vs. time and/or weighted
residuals vs. PRED. The final population model was mainly
appreciated by the normalized prediction distribution
errors metrics [27] and the prediction-corrected visual pre-
dictive check [28]. Diagnostic graphics and distribution
statistics were obtained using RfM (link on http://
wfn.sourceforge.net) via the R program [29].

Dose simulation
Using the final model, dose simulations were performed in
order to obtain 25(OH)D concentrations between 30 and
80 ng ml−1 during a 12 months follow-up. Based on 1000
simulations from the final model, different dosing schemes
were evaluated in the whole population (e.g. monthly,
bi-monthly or tri-monthly dosing schemes) and then the
proportions of patients outside and within the therapeutic
range after 1 year of treatment were compared. Different
intensive and maintenance dosing schemes were also
evaluated according to the patient 25(OH)D baseline con-
centrations, i.e. <10 ng ml−1 or between 10 and 30 ng ml−1.

Based on 400 simulations from the final model, the
concentration−time profiles of these dosing schemes were
finally evaluated for 12 months supplementation.

Results

Demographic data
Data from 91 vertically HIV-1-infected children and
adolescents (47 boys, 44 girls) were collected for
pharmacokinetic assessment. For boys, the median age
and BW were 14 years (interquartile range (IQR) 10–17) and
47 kg (IQR 30–58), respectively. For girls, the median age
was 15 years (IQR 11–17) and the median BW was 55 kg
(IQR 41–61). A total of 29 patients had a white skin
phototype (Fitzpatrick scale I to IV) and 62 had a non-white
skin phototype (Fitzpatrick scale V and VI). With the excep-
tion of one HCV co-infected child, patients had no other
co-morbidities or co-infections. A total of 171 25(OH)D
concentrations were available for pharmacokinetic evalu-
ation. Among the 91 patients, 74 had a second 25(OH)D
concentration assessment and six of them were declared
to be non-compliant. For the entire study, the median
(min–max) number of samples per patient was 2 (1–3) and
the mean follow-up time for patients who had a second
25(OH)D concentration assessment was 4 months (range
1–7, median 3.9).

At baseline 27 patients (30%) received tenofovir, 11
efavirenz (12%), 12 nevirapine or etravirine (13%), 73 were
treated with a PI (80%), 12 received raltegravir (13%) and
five patients (5%) received no ARV. The median 25(OH)D at
baseline was 14 ng ml−1 (IQR, 8–17) for the total popula-
tion, 28% of patients had concentrations below 10 ng ml−1,
69% between 10 and 30 ng ml−1 and 3% above 30 ng ml−1.
At baseline, the median (IQR) total corrected calcium,
serum phosphate and serum magnesium concentrations
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were, respectively, 2.3 (2.3–2.4) mmol l−1, 1.3 (1.2–1.5)
mmol l−1 and 0.9 (0.9–1.0) mmol l−1. On average, 4 months
after vitamin D3 supplementation, total corrected calcium,
serum phosphate and serum magnesium concentrations
were then, respectively, 2.4 (2.3–2.5) mmol l−1, 1.3 (1.1–1.4)
mmol l−1 and 0.9 (0.9–1.0) mmol l−1. Table 1 summarizes
the patients’ baseline characteristics.

Population pharmacokinetics
With regard to the long half-life of 25(OH)D, the absorption
of vitamin D3 was considered to be very fast. The data were
then best described by a one compartment model in
which the absorption-formation and elimination 25(OH)D
rate constants were equal. The basal level of 25(OH)D
reflecting the production from the diet and sun ex-
posure is described by the additional parameter, C0. The
pharmacokinetic parameters were then the apparent
volume of distribution (V/F) and elimination clearance (CL/
F), where F is the unknown bioavailability, and C0. Between
subject variability could be estimated for apparent CL and
the basal level. A proportional model was used to describe
the residual variability. The parameter estimates of this
basic model were CL/F 0.9 l day−1 (BSV 0.47), V/F, 76.0 l,
C0 12.3 ng ml−1 (BSV 0.43). In a second step, the skin
phototype covariate was included in the model on the C0
parameter as a categorical covariate: ‘clear skin’ phototype

(Fitzpatrick scale I to IV) vs. ‘dark skin’ phototype (V and VI).
This improved the predictive performance of the model
and significantly decreased the variability in this param-
eter from 0.43 to 0.41 and the BIC criteria from 1110 to
1104. In a third step, the C0 parameter was found to
decrease with BW reducing the BIC criteria by 3 units
and the corresponding variability from 0.41 to 0.39. No
other covariate effect could be identified on CL/F or C0
parameters.

Table 2 summarizes the final population pharmaco-
kinetic estimates. All parameters were estimated with rela-
tive standard errors lower than 39%. Finally, the C0 con-
centrations were shown to be 27% lower in non-white skin
phototype patients and slightly decreased with BW.

Evaluation and validation
The normalized prediction distribution error performed on
the final model showed that the mean and variance were
not significantly different from 0 (P = 0.8, Wilcoxon signed
rank test) and 1 (P = 0.9, Fisher variance test) and their
distribution was not different from a normal one (P = 0.7,
Shapiro-Wilk test of normality). The prediction-corrected
visual predictive check showed that the 10th, 50th and
90th percentiles of observed data were well included
within the 90% CI of the 10th, 50th and 90th of simulated
percentiles (Figure 1).

Table 1
Baseline characteristics of the 91 patients

Variables
25(OH)D 25(OH)D

All patients<10 ng ml−1 ≥10 ng ml−1

n 25 66 91
Age, years 17 (12–17) 13 (10–17) 14 (11–17)

Gender, n (%)

Boys 13 (28) 34 (72) 47 (52)

Girls 12 (27) 32 (73) 44 (48)
Ethnic origin, n (%)

White 2 (7) 27 (93) 29 (32)
Other 23 (37) 39 (63) 62 (68)

Bodyweight, kg 52 (45–60) 46 (29–59) 50 (35–60)
BMI, kg m−2 21 (19–22) 19 (17–23) 20 (17–22)

HIV-1 viral load, log10 copies ml−1 1.6 (1.6–3.6) 1.6 (1.6–2.4) 1.6 (1.6–2.7)
CD4, cells mm−3 650 (462–832) 754 (506–1073) 703 (487–984)

Current ARV therapy duration, years 1.6 (0.5–2.3) 2 (1.3–2.3) 2 (1.1–2.3)
Combined ARV drug, n (%)

PI + 2 NRTI 16 (27) 44 (73) 60 (66)
NNRTI + 2 NRTI 4 (31) 9 (69) 13 (14)
NNRTI + PI + II 2 (25) 6 (75) 8 (9)
PI + II 1 (33) 2 (67) 3 (3)
PI + NNRTI 1 (50) 1 (50) 2 (2)
No treatment 1 (20) 4 (80) 5 (5)

25(OH)D, ng ml−1 7 (6–8) 14 (12–18) 12 (9–17)
Total corrected calcium, mmol l−1 2.3 (2.3–2.4) 2.3 (2.3–2.4) 2.3 (2.3–2.4)

Serum phosphate, mmol l−1 1.2 (1.2–1.4) 1.3 (1.2–1.5) 1.3 (1.2–1.5)
Serum magnesium, mmol l−1 0.9 (0.9–1.0) 0.9 (0.9–1.0) 0.9 (0.9–1.0)

Data are described as median (IQR). 25(OH)D, 25-hydroxycholecalciferol (calcidiol); ARV, antiretroviral; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse
transcriptase inhibitor; II, integrase inhibitor; PI, protease inhibitor.
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Doses simulation
Different dosing schemes were simulated to obtain
25(OH)D concentrations between 30 and 80 ng ml−1 for 1
year. Figure 2 shows the percentages of patients with
25(OH)D concentrations lower than 30 ng ml−1, between
30 and 80 ng ml−1 (target range) and higher than
80 ng ml−1 after 12 months of treatment. To avoid the risk
of toxicity, the dose which produced less than 5% of
patients above 80 ng ml−1 was retained.

The concentration−time profiles obtained with a dose
of 100 000 IU of vitamin D3 per 3 months according to
different baselines, <10 ng ml−1 (Figure 3A) or between 10
and 30 ng ml−1 (Figure 3B) show that patients with vitamin
D deficiency before supplementation have lower 25(OH)D
concentrations after 12 months of treatment than patients
with vitamin D insufficiency: median (90% CI) concentra-
tions are 32 (15, 57) ng ml−1 and 41 (20, 67) ng ml−1, respec-
tively. Furthermore, 6.4 months are necessary for half of
the vitamin D deficient patients to reach the threshold of
30 ng ml−1, whereas patients having an insufficiency at
baseline need only 3.4 months.

If children and adolescents have a deficient 25(OH)D
status before beginning the treatment, a specific dosing
scheme allowing to reach quickly sufficient 25(OH)D con-
centrations would be (i) an intensive phase 100 000 IU on
day 1 and day 15 (intensive phase) and (ii) then begin-
ning at day 30, a maintenance phase 100 000 IU every 3
months (Figure 3C). This dosing scheme results in higher
25(OH)D median (IQR) concentrations, 39 (18–73) ng ml−1,
after 12 months of treatment and the time to observe
half of the patients above 30 ng ml−1 is reduced to 1.3
months.

Discussion

The pharmacokinetics of 25(OH)D were satisfactorily
described by a one compartment model with an additional
basal level parameter representing the formation of
25(OH)D provided by food and sunlight exposure. This
model has been previously published to describe the

Table 2
Population pharmacokinetics parameters of 25(OH)D

Parameter Estimate (RSE %)

Structural model

CL/F (l day−1) 0.96 (13)

V/F (l) 71.3 (3)

C0 (ng ml−1)† 14.7 (8)

θNo white 0.74 (9)

θBW −0.29 (38)
Statistical model

ω BSV CL/F 0.46 (32)
ω BSV C0 0.39 (9)
σ proportional 0.20 (11)

†C0 = C0*(θNo white)*(BW/median(BW))*^θBW. For example, for a non-white
patient weighing 40 kg, individual C0 is 14.7*.74*(40/50)^ − 0.29 = 11.6 ng ml−1.
RSE%, relative standard error (standard error of estimate/estimate*100); CL/F,
apparent elimination clearance; V/F, apparent central volume of distribution; C0,
basal 25(OH)D concentration; σ, residual variability estimates and BSV, between
subject variability estimates; θNo white, influential factor on 25(OH)D C0 for a
non-white skin phototype patient; θBW, influential factor on 25(OH)D C0 for
bodyweight.
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25(OH)D pharmacokinetics in HIV-infected adults [30]. As
shown in adult patients, the first order formation and
elimination rate constant estimates were close, resulting in
a flip-flop phenomenon. In order to interpret adequately
the elimination slope, these two rate constants were
defined as equal, which resulted in an improvement of
both BIC criteria (decreased by 3 points) and relative stand-
ard errors of the estimates.

The skin phototype influenced the basal 25(OH)D pro-
duction parameter, after the Fitzpatrick scale was reduced
to two categories, ‘clear skin’ phototype and ‘dark skin’
phototype. The 25(OH)D production without any vitamin
D3 supplementation was estimated to be 27% lower in
non-white children and adolescents. A size effect includ-
ing age, BMI, or BW was investigated on CL/F. The BW
effect was also tested using an allometric scaling (expo-
nents of 3/4 and 1, for CL/F and V/F, respectively). Finally,
BW was found to decrease significantly the basal produc-
tion of 25(OH)D. Although a season effect was expected on
the basal 25(OH)D production parameter, no significant
relationship could be determined as most of 25(OH)D
samples were collected during winter. Regarding the
assessment of ARV, no significant differences were
observed on pharmacokinetic parameters. However, the
majority of patients had received an ARV combination
including a PI + 2 nucleosides.

High prevalences of 25(OH)D insufficiency and defi-
ciency were found among the 91 children and adolescents
at inclusion: 28% of the patients had 25(OH)D concentra-
tions below 10 ng ml−1, 69% between 10 and 30 ng ml−1,
whereas only 3% had 25(OH)D concentrations above
30 ng ml−1. It should be noted that the role of dietary
vitamin D intake could be lower in France than in Anglo-
Saxon countries, as fortified milk or multivitamin intake are
less common. A vitamin D3 dosing scheme allowing to
reach and maintain the target of 30 ng ml−1 in most
patients could ensure bone growth and limit some delete-
rious effects associated to the HIV disease. Based on the
current study data and simulations from the final
pharmacokinetic model, dosing schemes of 50 000 IU
monthly or 100 000 IU bi-monthly should therefore be the
most effective regimens. These results are in agreement
with three previous studies which have evaluated
equivalent vitamin D3 dosing regimens administered
either weekly, monthly or bi-monthly in HIV-infected chil-
dren and young adults [20, 22, 31]. The authors showed
that these dosages resulted in a significant improvement
of the vitamin D status. However, none of them reported
the percentage of patients with 25(OH)D concentrations
above 60 or 80 ng ml−1 and addressed long term toxicities
issues. According to this study, the simulation of a
bi-monthly dosing scheme of 100 000 IU showed that
9.5% of patients were above the toxic cutoff of 80 ng ml−1

at 12 months (1.2% over 100 ng ml−1). Therefore, to reduce
the risk of toxicity the 100 000 IU per 3 months dosage was
finally suggested. Regardless of the baseline value, this

dosage will result, after 1 year of treatment, in more than
68% of patients having concentrations above 30 ng ml−1,
without exceeding 80 ng ml−1 (<1%). These results are sup-
ported by a recent study which reported in 25 young
patients receiving 100 000 IU per 3 months, that 80% of
them reached sufficient 25(OH)D concentrations after 12
months of treatment [32].

Nevertheless, this dosing scheme could be insufficient
for children and adolescents with vitamin D deficiency, as
only 55% will reach the target of 30 ng ml−1 after 1 year of
treatment. Thus, another dosing scheme was proposed
which included an intensive phase of 100 000 IU per 2
weeks (two times) followed 2 weeks later by a mainte-
nance phase (100 000 IU per 3 months).

These dosing propositions are in accordance with the
vitamin D recommendations of the Institute of Medicine
and the Endocrine Practice Guideline Committee in
healthy children and adolescents [33].

The metabolism of vitamin D is known to be parti-
cularly complex as it depends on multiple factors.
Whereas 25(OH)D is the major circulating form of vitamin
D, it is also a biologically inactive form which needs a
second hydroxylation in the kidneys to become active
(1.25(OH)2D). This active form can inhibit its own synthesis
through a negative feedback or by decreasing the secre-
tion of PTH. Moreover other factors such as calcium or
serum phosphate concentrations can modify the synthesis
of 1,25(OH)2D [4]. However in this study only the 25(OH)D
time course was evaluated. Thus it would be of great
interest to develop a mechanistic model taking into
account 1,25(OH)2D and PTH concentrations as well as
other relevant factors to assess the impact of vitamin D3

supplementation.
This study reports 25(OH)D pharmacokinetics in HIV-

infected children and adolescents. Dosing schemes were
established to obtain sufficient 25(OH)D concentrations
during the year and prevent toxic events. These conclu-
sions should be prospectively confirmed.
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