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Dear Sir,
Buprenorphine is a narcotic analgesic which is typically
used in patients with opioid dependence [1]. The use of
low potency opioid analgesics as a second-line treatment
may have advantages in elderly osteoarthritis patients [2, 3].
In this context, the ready availability of transdermal patches
of buprenorphine would make it an attractive treatment
option, especially in elderly patients.

The recently published work of Al-Tawil et al. [4] has
explored the pharmacokinetics (PK) of buprenorphine and
its metabolite norbuprenorphine in two groups of individ-
uals: elderly (≥75 years) and young (50–60 years). The age-
related influence on the elimination pathway of drugs pro-
vided the basis for this interesting comparative PK/safety
study. The sample size chosen in this study had 80 % power
to obtain the 90 % confidence interval of the AUCtau ratio
(elderly:young) to be contained within 80–125 %. Due to
higher variability in the data sets, bioequivalence was not
concluded between the two groups; however, similarity in
the point estimate of buprenorphine exposure led to the
recommendation that dosage adjustment was not necessary
in the use of buprenorphine transdermal patches in the
elderly subjects [4].

My intention in this letter is to further evaluate the
data and provide additional perspectives, taking into
consideration both the parent and metabolite data which
were generated in this study [4]. For the purpose of this

assessment, the mean values and the maximum values
reported for AUCtau, Cmaxss and Cminss of buprenorphine
and norbuprenorphine were utilized [4]. In total, there
were six paired sets of parent and metabolite data in the
elderly and young subjects. The data were evaluated in
two steps. In step 1, for each PK parameter (AUCtau,
Cmaxss, Cminss), the norbuprenorphine/buprenorphine ra-
tio was computed separately for the young and elderly
groups; in step 2, the relative change observed for
elderly was computed as a quotient of elderly/young
metabolic ratios.

As evidenced in Table 1, examination of the relative
change for the various parameters appears to suggest that
there was a somewhat higher presence of metabolite in the
elderly group. This finding was quite pronounced in the
maximum values reported for AUCtau, Cmaxss and Cminss in
the study [4].

Due to the availability of a large data set of buprenorphine
and norbuprenorphine in this study [4], it was possible
to tease out a qualitative evidence of a higher circula-
tory metabolite levels in the elderly relative to young
subjects. From a speculative reasoning, this interesting
observation would signify either norbuprenorphine formation
was higher in the elderly or the clearance/elimination of
norbuprenorphine was impaired in the elderly, leading to its
accumulation.

Intuitively, the proposition of the higher formation of
norbuprenorphine appears to be flawed because it would
mean relatively more enzymatic activity in the elderly ver-
sus young, which is contrary to the known fact that enzy-
matic clearance or metabolism in general decreases with age
[5]. On the contrary, the maximum Cminss metabolite/parent
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ratio was 58 % (Table 1), suggesting that slow clearance of
norbuprenorphine may reasonably explain the observed
finding since trough levels are likely to be governed by
clearance mechanisms. Since norbuprenorphine clearance
is governed by the saturable glucuronidation pathway by
UGT1A3 only (as opposed to UGT1A1, UGT1A3 and
UGT2B7 in buprenorphine) [6, 7], one may suspect that
there could have been a natural slowing down of such a
pathway in the elderly. Interestingly, corroborative evidence
has been reported in a recent study, where buprenorphine
has been shown to inhibit the glucuronidation of
norbuprenorphine, the only clearance pathway for
norbuprenorphine, in multiple in vitro systems [8]. The re-
sults of this recent study assumes greater importance since
3-norbuprenorphine glucuronide was found to be a major
circulatory species with five- to 13-fold higher levels as
compared to 3-buprenorphine glucuronide in several clinical
studies following buprenorphine dosing [9, 10].

Interestingly, although the formation of nurbuprenorphine
suggests a clear route dependency, as evidenced by the
norbuprenorphine/buprenorphine exposure ratios follow-
ing transdermal (average 0.32), sublingual (average 1.52)
and intravenous (average 0.19) drug administration
of buprenorphine [4, 9, 11], the involvement of the
glucuronidation pathway for the clearance of norbuprenorphine
is highly inevitable regardless of the route of administration.
Hence, the qualitative evidence gathered by the cursory data
analysis in this report needs further probing because increased
circulatory levels of norbuprenorphine in the elderly may con-
tribute to several safety issues, including respiratory depression.
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Table 1 Assessment of
norbuprenorphine/
buprenorphine ratios—computa-
tion of relative change in elderly
versus young

Pharmacokinetic parameters:
AUCtau, Area under the curve at
end of first dose interval; Cmaxss,
peak concentration at steady
state; Cminss, trough concentra-
tion at steady state
aE/Y, Elderly/young

Analyte Young Elderly Young Elderly

Mean AUCtau (pg/h/ml) Maximum AUCtau (pg/h/ml)

Buprenorphine (B) 11,309.33 9939.87 22464 19842

Norbuprenorphine (NB) 2922 3063.23 6631.2 7669.2

Ratio (B/NB) 0.258 0.308 0.295 0.386

Relative change (E/Y)a 19 % 31 %

Mean Cmaxss (pg/ml) Maximum Cmaxss (pg/ml)

Buprenorphine (B) 83.46 72.15 169 153

Norbuprenorphine (NB) 21.73 20.46 50 56.5

Ratio (B/NB) 0.260 0.284 0.296 0.369

Relative change (E/Y) 9 % 25 %

Mean Cminss (pg/ml) Maximum Cminss (pg/ml)

Buprenorphine (B) 47.71 47.45 110 93.9

Norbuprenorphine (NB) 13.85 16.33 31.7 42.7

Ratio (B/NB) 0.290 0.344 0.288 0.455

Relative change (E/Y) 18 % 58 %
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