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Background:Clinical trial samplesmaybe stored frozen for prolongedperiods before analysis, which can reduce
the immunoreactivity of numerous analytes, particularly peptides. We sought to determine the effect of 6 years of
frozen storage on serum N-terminal pro–B-type natriuretic peptide (NT-proBNP).
Methods: NT-proBNP was measured from serum samples taken from 99 different patients enrolled in the
CanPREDDICT study after <1 year of storage at −70 °C using the Roche first-generation NT-proBNP assay on an
e411 instrument. Separate aliquots of the same samples were analyzed after an additional 6 years of storage at
−70 °C using the Roche second-generation assay on an e601 instrument.
Results: The median NT-proBNP immunoreactivity for the first measurement was 572 pg/mL (interquartile range
[IQR] 205–1606, range 49–12820), while after an additional 6 years of storage at −70 °C, this value decreased to 526
pg/mL (IQR 181–1338, range 18–12880), resulting in a median percent difference of −7% (IQR −10.6% to −3.4%, P <
0.001).
Conclusions:We report findings consistent with trends seen in previous work but have investigated the effect of
a much longer storage period. Larger percent decreases in NT-proBNP reaching statistical significance are seen,
although the median difference is still <10%.

IMPACT STATEMENT
This report deals with the preanalytical effect of prolonged storage on NT-proBNP results. These

effects need characterization to allow appropriate clinical study design and statistical analysis, so
that researchers do not make incorrect inferences, which may ultimately influence patient care.
There are no studies investigating stability of NT-proBNP beyond 1 year using storage tempera-
tures of −70 °C or lower. We show that previously observed trends toward decreased immunore-
activity eventually reach significance. We have seen a statistically significant 7% drop in the median
immunoreactivity of NT-proBNP after 6 years of storage, with 90% of samples showing at least
some decrease. This result has not been previously reported.
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By necessity, clinical trial samples often re-
quire long periods of frozen storage before anal-
ysis, and yet the preanalytical effects of storage
sometimes go unconsidered in study design and
statistical analysis. The effect of storage on im-
munoreactivity of N-terminal pro–B-type natri-
uretic peptide (NT-proBNP)4 has been partially
explored.
In previous studies looking at short-term stabil-

ity, no statistically significant loss of NT-proBNP im-
munoreactivity was observed after 5 h storage at
room temperature. Likewise, no loss was seen af-
ter 48 h at 4 °C for serum samples collected in
Becton Dickinson serum separator tubes (SSTs)
analyzed on the Roche Elecsys 2010 analyzer (1).
Similar observations were made for 24-h storage
of Sarstedt gel-free and SST serum stored at 4 °C
and for EDTA and heparinized plasma stored for 3
days; no loss of immunoreactivity was reported for
any matrix studied (2).
For storage at −20 °C, it was observed that sam-

ples collected in Greiner EDTA tubes could be
stored for up to 4 months with minimal loss of
NT-proBNP immunoreactivity, which was not sta-
tistically significant, in contrast to BNP, which
showed a marked reduction (3). In another study
examining 2 years of storage at −20 °C, a mean
decrease in NT-proBNP immunoreactivity of 3%
was observed in heparinized plasma samples an-
alyzed on an Elecsys system (4). This change
achieved statistical significance (P = 0.001), but the
magnitude of the decrease was <10% for more
than 90% of the samples, with a maximum de-
crease of 16%.
In terms of storage at temperatures at −70 °C or

below, no statistically significant loss of immunore-
activity of NT-proBNP was observed for 1 year of
storage at −80 °C for 5 different sample types (5).
To our knowledge, however, the longer-term sta-
bility of NT-proBNP immunoreactivity for samples
stored at −70 °C remains unexplored and is the
subject of this analysis.

MATERIALS AND METHODS

The samples for this analysis (n = 99, randomly
selected) were obtained from the CanPREDDICT
cohort study (6) between 2008 and 2009 as part of
routine care. The CanPREDDICT study was ap-
proved by the Providence Health Care Research
Ethics Board (REB number: H07-02457), and in-
formed consent was obtained from participants. All
subjects in the study were non–dialysis-dependent
patients with KidneyDiseaseOutcomesQuality Ini-
tiative (KDOQI) stages 3b and 4 chronic kidney dis-
ease having estimated glomerular filtration rates
of 15–45 mL/min/1.73 m2. Of these, 39% of pa-
tients had a clinically charted history of congestive
heart failure (6). Peripheral blood samples were
collected in 8.5 mL Becton Dickinson SSTs, centri-
fuged, decanted, and stored in aliquots in 2 mL
polypropylene cryovials (Corning) at −70 °C within
2 h of collection. Aliquots remained at −70 °C until
analysis. NT-proBNP analysis was performed in
singlicate on 2 separate aliquots from each sub-
ject. The index (baseline) analysis occurred in 2009
within 1 year of collection using the Roche first-
generation NT-proBNP (“proBNP”) assay using an
e411 instrument. The second analysis occurred in
2015 using Roche second-generation assay
(“proBNP II”) on an e601 instrument after an addi-
tional 6 years of storage. In head-to-head compar-
ison, these methods have comparable analytical
performance and total precision of ≤3% for con-
centrations >150 pg/mL increasing to approxi-
mately 10% at 20 pg/mL (7).
Statistical analysis and figure preparation was

performed with the R statistical programming
language.

RESULTS

The mean storage time before index analysis
was 158 days (SD 66) at −70 °C. The second analy-
sis was performed after a mean total storage time
of 6.60 years (SD 0.20), for a mean difference in
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storage time between index and post-storage of
6.16 years (SD 0.27).
The distribution of NT-proBNP values in the co-

hort show large positive skew (i.e., more samples
with lower values than high), as shown in the
horizontal marginal histogram flanking Fig. 1. The
median NT-proBNP immunoreactivity for index
analysis was 572 pg/mL (interquartile range [IQR]
205–1606; range 49–12820) and 526 pg/mL (IQR
181–1338, range 18–12880) post-storage, result-

ing in a median difference of −7% (IQR −10.6% to
−3.4%, range −63.7% to +23.1%, Fig. 1).
The distribution of absolute differences in

NT-proBNP from index to post-storage analysis
was not normally distributed (Shapiro-Wilk,
P < 0.001) and so median paired differences
were statistically compared. The change in the
median was statistically significant (P < 0.001,
Wilcoxon signed rank). Passing–Bablok regres-
sion analysis afforded the following relationship:

Fig. 1. Difference plot of percent change in NT-proBNP immunoreactivity between index and post-
storage analysis as a function of the index concentration (pg/mL).
Themarginal histograms represent the distribution of the NT-proBNP results (horizontal) and the distribution of the percent
differences (vertical). In contrast to the distribution of these percent differences, the distribution of absolute differences in
NT-proBNP are highly skewed (data not shown). The horizontal solid line represents the median percent difference (−7%),
while the horizontal dashed lines are the 5th (−21.6%) and 95th centiles (2.2%) of the same.
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NT-proBNPpost = 0.921 × NT-proBNPindex + 2.6
pg/mL (CI slope = 0.904–0.940, CI intercept =
−5.1–6.4 pg/mL; Fig. 2).
Eighty-nine (90%) of the 99 samples showed a

decrease in immunoreactivity, with 69 (70%) of
samples having post-storage values within ±10%
of their index values and 90 samples (91%) hav-
ing post-storage values within ±15% of their in-
dex values. Seven samples showed change of
greater than ±20%, the largest of which was
−63% (49 to 18 pg/mL). Only 2 samples had val-
ues that crossed the suggested diagnostic
threshold of 125 pg/mL after storage, one of
which decreased from 133 to 116 pg/mL and the
other from 138 to 123 pg/mL.

DISCUSSION

We have observed a statistically significant 7%
median drop in NT-proBNP immunoreactivity in
SST serum samples stored at −70 °C for just over 6
years. It is worth noting that a small component of
this decrease in immunoreactive NT-proBNP may
be attributable to a modification of the Roche as-
say generations occurring in the intervening time
period. Specifically, between 2 analyses, the assay
was changed from using 2 polyclonal antibodies
for signal and capture to 2 monoclonal antibodies
directed to epitopes residing nearer to mid-
molecule (7). The effect of this change on patient
results has been previously investigated. In a

Fig. 2. Regression plot of NT-proBNP after storage versus index value.
Regression relationship shown is NT-proBNPpost = 0.921 × NT-proBNPindex + 2.6 pg/mL.
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comparison of 177 consecutive cardiac patients, a
small but statistically significant change of −2.5% in
the mean (compared to change in the mean of
−8.0% here) was observed for samples collected
into prechilled tubes containing both EDTA and
aprotinin and having a range of NT-proBNP values
from near 0 to approximately 22500 pg/mL. The
Roche proBNP II package insert similarly reports
small constant (negative) bias for the second-
generation assay compared to the first of −13.36
pg/mL (regression relationship: proBNPII = 0.999 ×
proBNP − 13.36 pg/mL) in their study of 2133 sam-
ples analyzed by both assay generations having
results ranging from 0.5 to 30022 pg/mL. Details
about statistical significance are not provided (8).
The Food and Drug Administration 510(k) decision
summary for this assay reports similar results (re-
gression relationship: proBNPII = 1.00 × proBNP −
21.9 pg/mL) on a study of 1551 clinical samples
ranging from 5 to 32627 pg/mL (9).
Our results are similar to previous reports in

that we observe decreases inNT-proBNP immuno-
reactivity with frozen storage, but the changes
seen here are larger in magnitude and reach sta-
tistical significance. A previous study (5) examining
the effect of 1 year of storage at a slightly colder
−80 °C temperature showed no statistically signif-
icant drop of immunoreactive NT-proBNP in any of
the 5 sample types evaluated (SST serum, gel-free
serum, lithium heparin, K2EDTA, and K3EDTA). In-
terestingly, however, the median NT-proBNP was
observed to decrease in 4 of 5 sample compari-
sons, although percentage drops are not re-
ported. We have also observed larger changes
than a previous study (4) looking at a 2-year stor-
age of heparinized plasma samples at −20 °C,
where the mean NT-proBNP recovery after stor-
age was 97% (range 84% to 122%), i.e., a mean

decrease of 3.0%, which reached statistical signifi-
cance (P = 0.001).
Because NT-proBNP is an important marker for

congestive heart failure both clinically and in re-
search, understanding of the impact of storage is
important for both planning of future studies and
analysis of archived samples. Nevertheless, it is im-
portant to acknowledge that in the care of an indi-
vidual patient, a median difference of 7% is quite
small given that the week-to-week intraindividual
variation for NT-proBNP is reported to be 35%,
while the reference change value is 98% (10). This
means that the changes we have observed are
small compared to expected biological fluctua-
tions, and it is probable that samples archived at
−70 °C are suitable to address questions pertain-
ing to the presence or absence of heart failure at
the time of collection. However, for comparisons of
samples collected from different cohorts and ex-
posed to different durations of storage, it is impor-
tant to be able to plan and account for potential
analyte loss, so that correct statistical inferences
can be made. To this end, we estimate the median
loss of immunoreactivity is 7% in SST serum sam-
ples collected on this population of patients with
stable non–dialysis-dependent chronic kidney
disease.
In conclusion, 6-year sample storage of a se-

rum matrix at −70 °C results in a median de-
crease in NT-proBNP immunoreactivity of 7% (P
< 0.001). These findings are similar to other stud-
ies that stored and maintained samples for
shorter time periods, but the decreases ob-
served here were larger and reached statistical
significance. This observation underscores the
importance of appropriate experimental design
and that researchers must consider such losses
in the analysis of stored samples.
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