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SUMMARY

What is known and objective: Based on in vitro assays and select
animal models, buprenorphine is commonly called a “partial
agonist’. An implication is that it should produce less analgesic
effect in humans than so-called ‘full agonists” such as morphine
or fentanyl. However, buprenorphine has a multimechanistic
pharmacology, and thus partial agonism at a specific receptor is
not particularly relevant to its overall analgesic action. We
review published clinical trials that directly compared the
magnitude of buprenorphine’s analgesic effect to analgesics
commonly considered full agonists.

Comment: Due to different signal transduction pathways, a drug
can be a full agonist on one endpoint and a partial agonist on
another. Therefore, we limited the present review to buprenor-
phine’s analgesic effect.

What is new and conclusion: Twenty-four controlled clinical
trials were identified, plus a case report and dose-response curve.
Based on complete or comparable pain relief, in buprenorphine
had full clinical analgesic efficacy in 25 of the 26 studies.

WHAT IS KNOWN AND OBJECTIVE

Buprenorphine is a centrally acting analgesic. It was first synthe-
sized in 1966 and has been demonstrated to have antinociceptive
and analgesic activity'* against a wide variety of pains, including
nociceptive, musculoskeletal, neuropathic and cancer-related®
pains. Buprenorphine’s oral absorption is limited, but its bioavail-
ability is greater by other routes, and its physiochemical properties
make it particularly well suited for use in transdermal ‘“patch’
formulations.*

Buprenorphine’s mechanism of action has previously been
described®® as has its clinical characteristics that warrant its
consideration as a first-line analgesic.” However, the basis for its
classification as a ‘partial agonist’ has undergone much less
scrutiny. We focus on the single issue of whether buprenorphine
produces the same or different clinical analgesic efficacy as
analgesics considered to be full agonists.

When a drug is characterized as a ‘full’ or “partial’ agonist based
primarily on in vitro assays, it can confuse the related, but distinct,
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pharmacologic principles of affinity and intrinsic activity (proper-
ties at the receptor level) and efficacy (manifested at a particular
endpoint). ‘Affinity’ is the thermodynamically driven chemical
attraction between a drug and a receptor'’; ‘intrinsic activity’ is the
biological stimulus imparted by a drug to a receptor'!; and
‘efficacy’ relates to the level of drug-induced effect in a given
application. Unfortunately, in certain contexts, the term ‘efficacy’
has sometimes been loosely used as if it is a fundamental property
of a drug, rather than as being situation (endpoint) dependent. We
use the term “clinical efficacy” in order to be clear. As the definition
of a partial agonist involves an inability to produce the same level
of effect as some reference drug in a given situation, it is only
meaningful in the context of a reference compound or drug. This
review summarizes published comparisons of buprenorphine’s
clinical analgesic effect to reference drugs commonly considered to
be full agonist analgesics.

Buprenorphine has high affinity for opioid receptors and low
in vitro intrinsic activity as measured by [**S]GTPyS binding in
several receptor binding assays.'” The latter has led to charac-
terization of buprenorphine as a partial agonist, because it
produces <100% effect produced by a ‘full’ agonist. However, a
problem is that 100% depends on the conditions. For example, in
the same in vitro assays in which buprenorphine produces <100%
effect, morphine likewise produces <100% effect (a fact perhaps
not widely known)."* Yet morphine is generally considered to be
a full agonist in most clinical settings. In addition, buprenorphine
has a multifaceted pharmacology, so that its total analgesic
effect derives from its activity at several receptors — partial
agonism at one receptor might not be limiting to the clinical
effect achieved. Further, due to differences in 2nd-messenger
coupling, biased agonism, or other signal transduction phenom-
ena, a drug can act as a full agonist on one endpoint and a
partial agonist on another. That is why designation as a ‘full” or
‘partial” agonist is situational, that is, dependent on the endpoint
of interest.

Because buprenorphine displays >98% antinociceptive efficacy
in the majority of animal models and positron emission tomog-
raphy (PET) scans of human brain have shown that full analgesia
is achieved with buprenorphine doses that occupy <100% of
opioid receptors,'* there only remains the relevant clinical ques-
tion: Does buprenorphine produce a full analgesic effect — or
equivalent analgesia to a drug that is considered to be a full
agonist, such as morphine, fentanyl or oxycodone? That is, despite
acting as a partial agonist in vitro, does buprenorphine act as a full
agonist in clinical pain settings?
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COMMENT

As the purpose of the current review was the assessment of
buprenorphine-induced analgesia compared with opioids consid-
ered to be full agonists, inclusion criteria were as follows: human
subjects; within-study comparison of the same pain type and with
drugs commonly considered to be full agonists (e.g. morphine,
fentanyl, oxycodone, etc.); quantification of measurement of pain
severity or pain relief; and comparison using the same pain scales.
All studies that met these criteria were included, regardless of the
clinical outcome. Exclusion criteria were as follows: non-human
studies; use as part of a combination; use in opioid addiction (e.g.
suboxone); and comparison to drugs not commonly familiar in the
USA (e.g. pethidine).

A total of 24 clinical trials were identified using the database
search terms and searching of the reference lists and other sources. In
addition, two additional studies were identified that related directly
to the question of buprenorphine’s clinical analgesic efficacy.

The earliest identified study that met all the criteria was
published in 1977."® The analgesic efficacy of i.m. buprenorphine
(0-6 mg) was compared with im. morphine (15 mg) for post-
operative pain in a double-blind trial involving 58 women
(average age 25-30 years) following elective Caesarean section.
Buprenorphine produced essentially equal pain relief as morphine
during the first two post-operative hours and greater pain relief at
3 and 4 h post-operatively (Figure S1 in online Appendix). Similar
results were obtained for i.m. buprenorphine (0-3 mg) compared
with i.m. morphine (10 mg) for post-operative pain in a random-
ized, double-blind, multiple-dose, non-crossover trial involving 60
patients following upper abdominal surgery (Fig. 1)'%; for i.m
buprenorphine (0-15-0-40 mg) compared with i.m morphine (5 or
10 mg) for post-operative pain in a randomized, double-blind,
parallel study involving 133 patients (17-70 years) who had
undergone a major abdominal, orthopaedic or thoracic surgery
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Fig. 1. The analgesic efficacy of i.m. buprenorphine (0-3 mg) was
compared with that of i.m. morphine (10 mg) for post-operative
pain relief in a randomized, double-blind, multiple-dose, non-
crossover trial involving 60 patients (26M/34F; 17-78 years)
scheduled for upper abdominal surgery. Post-op pain intensity
was assessed using a visual analog scale (0 = none, 1 = slight,

2 = moderate, 3 = severe) and measured prior to the first dose of
drug and every 15 min thereafter up to 2 h and every hour
thereafter up to 6 h post-injection. Morphine and buprenorphine
produced similar decreases in pain intensity. Redrawn from
Tigerstedt and Tammisto.'®
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procedure (Figure S2)7; for i.m. buprenorphine (0-3 mg) com-
pared with i.m. morphine (10 mg) in a double-blind study of 50
patients after surgery (mostly abdominal) (Figure S3)'%; for i.m.
buprenorphine (0-3 mg) compared with i.m. morphine (10 mg) in
a prospective study of 80 patients undergoing elective abdominal
surgeries randomly assigned to either morphine or buprenorphine
(both groups were started with i.m. dosing, then i.m. morphine or
s.l. buprenorphine) (Figure S4)'%; and for i.m. buprenorphine (0-2
and 0-4 mg) compared with i.m. morphine (5 and 10 mg) in a
double-blind study of post-operative abdominal surgery patients
(Figure S5).%° In the latter study, both doses of buprenorphine
produced greater analgesic effect than did 5 mg of morphine and
at least as great an effect as 10 mg of morphine. In a study of 52
patients following open prostatectomy, randomly assigned sub-
lingual buprenorphine was equi-analgesic to patient-controlled
analgesia (PCA) morphine (Figure S6).?' Sublingual buprenor-
phine also produced the same or greater analgesic effect than i.m.
morphine in a double-blind study of 101 patients undergoing
general surgery (Fig. 2).”

Several studies administered buprenorphine via routes that
bypass the metabolic first-pass effect. L.v. buprenorphine produced
equi-analgesia to i.v. morphine in a double-blind randomized
study of 80 patients following elective abdominal surgery (Fig-
ure $7); in a double-blind study of 13 patients following
coronary bypass surgery (at rest or on coughing) (Figure S8)*%;
in a double-blind, multidose study of 57 children (6 months—
6 years) after lateral thoracotomy (Fig. 3)%; and by PCA in a
randomized, double-blind study of 120 patients following abdom-
inal surgery (Figure $9).” Lv. buprenorphine (0-3 mg) produced a
greater analgesic effect than i.v. morphine (10 mg) in a double-
blind comparison study of 51 patients who had undergone major
abdominal surgery (Figure S$10).”” Either epidural or extradural
buprenorphine produced equi-analgesia to i.m. morphine: in a
prospective randomized study of 20 patients undergoing spinal
fusion (Figure S11)%8; against epidural or extradural morphine in a
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Fig. 2. The analgesic efficacy of s.l. buprenorphine (0-4 mg) was
compared with that of i.m. morphine (10 mg) in a randomized,
double-blind study of post-op pain of 101 patients (mean age: 40—
45 years). Pain was measured using a 10-cm pain scale (0 = none,
10 = as much as imaginable). Buprenorphine produced the same
pain relief as did morphine during the first 2 h and modestly
greater pain relief from 2 to 6 h. Redrawn from Edge et al.*>
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to i.v. morphine (50 and 100 pg/kg) for post-
operative pain in a double-blind trial involv- BUP 3.0 ug/kg BUP 1.5 ug/kg
ing 57 children (0-5-6 years) recovering from
a scheduled lateral thoracotomy. Pain index = 100% 100% [-------------mmm-emmomemmmmnee-
(PI) values were assessed using a 9-point S T
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randomized, double-blind study of 34 patients following major
abdominal surgery (Figure S12)*°; in a double-blind, randomized
study of 57 patients after Caesarean section (Figure S13)*’; a
double-blind study of 40 patients following major orthopaedic
surgery (Table 1)*'; and in a double-blind study of 50 patients after
abdominal surgery (Figure S14).%>

Comparisons to strong analgesics other than morphine also
have been made. In a randomized, single-blind study of 60
patients recovering from unilateral thoracotomy, PCA buprenor-
phine was equi-analgesic to PCA fentanyl (Fig. 4)3* In a random-

Table 1. Pain intensity difference (PID) and sum of pain intensity
difference (SPID) scores (mean and range) in a double-blind
controlled study that compared epidural morphine (MOR) (4 mg)
with epidural buprenorphine (BUP; 0-3 mg) in 40 patients (20M/
20F; 16-69 years) after major orthopaedic surgery

Pain measure MOR BUP P
PID 1-90 (0-0-4-0) 2.0 (0-0-4-0) >0-05
SPID 2-60 (0-16-9-0) 3:30 (0-16-12.0) >0-05

Pain intensity was assessed by the patient on a 04 scale (0 = no pain,
1 = mild pain, 2 = moderate pain, 3 = severe pain and 4 = intolerable pain)
prior to drug administration and 10, 20, 30 and 60 min after injection. There
was no significant difference (P > 0-05) in analgesic efficacy as measured by
the pain intensity difference (PID) after 30 min and the sum of pain intensity
difference (SPID) across all time points between the two drugs. Data from
Wolff et al.*!

© 2014 John Wiley & Sons Ltd

ized study of 79 patients experiencing post-operative pain after
general surgery, sublingual buprenorphine (0-4 mg) produced
analgesia equal to that produced by dihydrocodeine (60 mg) for
the first 2 h and greater effect thereafter (to 6 h) (Figure S15).>*
And in an exploratory multiple-comparisons study involving 258
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Fig. 4. The analgesic efficacy of patient-controlled analgesia (PCA)
buprenorphine (demand dose 80 ug) was compared with that of
PCA fentanyl (demand dose 34 pug) in patients recovering from
elective thoracotomy (29/11F; average age: 55-65 years). Bupr-
enorphine was equi-efficacious with fentanyl throughout 24 h.
Redrawn from Lehmann et al.*®
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with cancer pain, transdermal buprenorphine was equi-analgesic
with transdermal fentanyl, oral morphine or oral oxycodone
(Table 2).* In a study of chronic cancer pain patients, in which 16
were switched from transdermal buprenorphine to transdermal
fentanyl and 16 were switched from transdermal fentanyl to
transdermal buprenorphine, buprenorphine produced the same
level of analgesia as did fentanyl over the subsequent 3 weeks
(Figure S$16).*° A more detailed analysis of transdermal buprenor-
phine trials is available.'*

In a study of 60 patients who were randomly assigned either
i.m. buprenorphine (0-3 mg) or epidural sufentanil (50 pg) follow-
ing orthopaedic surgery, buprenorphine produced less analgesia
over the first 2 h, but greater analgesia from 2 to 8 h (Figure $17).%
In only one identified study, did the analgesic effect of buprenor-
phine not attain that produced by morphine. In a double-blind
study of patients with post-operative (N = 128) or chronic cancer
(N = 8) pain, sublingual buprenorphine (0-8 mg) produced the
same level of analgesia as did 8 mg of i.m. morphine, but less than
that produced by 16 mg morphine (Figure S18).*® The study was
designed to determine the relative potency of the two drugs, so
higher doses of buprenorphine were not tried. In regard to the
question of using higher doses of buprenorphine in order to
achieve full analgesic effect, two studies are particularly notewor-
thy. In a case report of a terminally ill pancreatic cancer patient
with kidney and liver failure suffering from severe pain, bupr-
enorphine was given (i.v. and transdermal) in increasing doses
over the final 15 days until the patient reported adequate pain
relief (Fig. 5).*° And in an informative study of 50 patients who
underwent elective Caesarean section and were administered i.v.
buprenorphine in the immediate post-operative period at doses
titrated against the response of each patient in order to obtain
complete freedom from pain.*’ A graph of the data reveals a dose-
related effect, with 100% of the patients attaining complete pain
relief (Fig. 6).

Table 2. The analgesic efficacy of transdermal buprenorphine
(BUP) was compared with oral morphine (MOR), oral oxycodone
(OXY) and transdermal fentanyl (FEN) in a retrospective, explor-
atory observational analysis involving 258 post-operative patients
(147M/111F; average age 65 years) who had advanced metastatic
cancer and persistent pain

Group MOR OXY FEN BUP p

AP (PID > 30%)

No 30-0 28-6 286 293 >0-05

Yes 70-0 714 682 707 >0-05
AP (PID stable or worsening)

No 775 839 94-1 94-5 >0-05

Yes 225 16-1 159 155 >0-05
WP (PID > 30%)

No 525 375 455 371 >0-05

Yes 475 62-5 54-5 629 >0-05
WP (PID stable or worsening)

No 850 839 727 836 >0-05

Yes 15-0 16-1 273 16-4 >0-05

Worst pain (WP), actual pain, least pain and average pain (AP) were
assessed using an 11-point numerical score (0 = no pain; 10 = worst pain)
over a 3-week period. There was no significant difference (P > 0-05) in
analgesic efficacy among the drugs. Data from Corli et al.*

© 2014 John Wiley & Sons Ltd
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Fig. 5. Progressive increase in pain relief with increasing dose of
buprenorphine in a terminally ill cancer patient with liver failure.
Drawn based on the narrative in Ciccozzi et al.*
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Fig. 6. The analgesic efficacy of i.v. buprenorphine was studied
over a 24-h period in post-operative pain relief involving 50
patients (average age = 27-5 years) recovering from elective Cae-
sarean section. Post-operatively, patients received buprenorphine
in aliquots of 0-2 mg over 3-15 min, until the pain was relieved.
Pain was assessed by its presence or absence at frequent intervals.
All of the patients achieved complete analgesic effect with 0-4—
7-0 mg of buprenorphine. Drawn based on data reported in
Budd.*
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WHAT IS NEW AND CONCLUSION

Despite buprenorphine’s partial agonist characterization in vitro, in
23 of the 24 identified studies in the current review, buprenorphine
produced the same level of analgesic effect or even greater
analgesic effect than did the generally accepted full agonists
morphine, fentanyl, sufentanil and oxycodone. These studies
included pain designated as severe. In addition, in two studies
in which a maximal-possible analgesic effect was designated,
buprenorphine produced 100% effect.>>** This is consistent with
PET scans of human brains showing that at clinically analgesic
doses of buprenorphine, there remains a reserve of unoccupied
p-opioid receptors.*’ Based on these results, buprenorphine has
full analgesic efficacy in clinical pain practice.

Then should buprenorphine continue to be called a partial
agonist? There are reasons it might (and some counterarguments):
one is that buprenorphine does not produce full effect in several
in vitro assays (but in the same assays, neither does morphine)'>;
another is that buprenorphine produces an ‘inverted-U’
dose-response curve in some animal pain models (i.e., the
antinociceptive effect reaches a maximum then declines at higher
doses)’ and healthy pain-free volunteers® (but this does not occur in
most pain models® and to our knowledge has never been reported in pain
patients, even at doses at least an order of magnitude higher than
those commonly used)*®; and another is that buprenorphine can
precipitate withdrawal in a patient taking, or abusing, a strong
opioid (but, even if true, such an effect can be due to a mechanism other
than partial agonism). The fact that buprenorphine appears to be a
true partial agonist on the endpoint of respiratory depression, with
a ceiling effect,**** cannot be generalized to analgesia, because the
ability to be a partial agonist on one endpoint and a full agonist
on another endpoint is mechanistically possible and easily
explained.”® Perhaps the answer lies in the multimechanistic
pharmacology of buprenorphine. Its overall analgesic action is
likely mediated by a combination of receptors. Thus, partial
agonism at a specific receptor subtype is not particularly relevant
and probably does not apply to its overall analgesic action. Thus,
buprenorphine can be a partial agonist in vitro, yet its analgesic
efficacy can equal or exceed other opioids due to its ability to act
through additional targets, making its partial agonism in vitro a
poor predictor of its overall analgesic effect.

In conclusion, despite some preclinical data predicting that
buprenorphine might not produce analgesic effect equal to full
agonist analgesics such as morphine, fentanyl or oxycodone, the
published clinical data demonstrate that it does.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Figure S1 The analgesic efficacy of i.m. buprenorphine (0-6 mg)
was compared with that of i.m. morphine (15 mg) for postoper-
ative pain in a double-blind trial involving 58 women (average age
25-30 years) recovering from elective Caesarian section.

Figure S2 The analgesic efficacy of i.m buprenorphine (0-20 or
0-40 mg) was com-pared with that of i.m morphine (5 or 10 mg) for
postoperative pain in a randomized, double-blind, parallel study
involving 133 patients (age range: 17-70 years) who had under-

© 2014 John Wiley & Sons Ltd

gone a major abdominal, orthopedic, or thoracic surgery, and i.m
buprenorphine (0-15 or 0-30 mg) with i.m morphine (5 or 10 mg) in
a second study that involved 69 patients.

Figure S3 The analgesic efficacy of i.m. buprenorphine (0-3 mg)
was compared with that of i.m. morphine (10 mg) in a single-dose,
double-blind, non-crossover study for pain after surgery (majority
abdominal) in a randomized study of 50 patients (21M/29F, 20-80
years).

Figure S4 The analgesic efficacy of buprenorphine (0-3 mg i.m.
followed by 0-4 mg every 6 h sl) was compared with im.
morphine (10 mg intermittently) for 3 days of postoperative pain
in a prospective randomized study involving 80 patients (40M/
40F; 50-60 years) undergoing elective abdominal surgeries.

Figure S5 The analgesic efficacy of i.m. buprenorphine (0-2 or
0-4 mg) was compared with that of i.m. morphine (5 or 10 mg) in a
double-blind, randomly-assigned evaluation for pain following
surgery of 159 patients (41M/118F, 18-85 years).

Figure S6 The analgesic efficacy of s.. buprenorphine (1.6
mg) was compared with that of i.v morphine (PCA) (72 mg) for
postop pain relief in a randomized trial involving 52 males (age
range: 52-82 years; average age: 72 years) following open
prostatectomy.

Figure S7 The analgesic efficacy produced by i.v. buprenor-
phine (0-225-0-45 mg) was compared with that produced by i.v.
morphine (7-5-15 mg) at the start of peritoneal closure at the
end of elective abdominal hysterectomy or chol-ecystectomy in a
randomized, double-blind study involving eighty patients (10M/
70F; 16-67 years).

Figure S8 The analgesic efficacy of im. buprenorphine (0-3
mg) followed by i.v. bup-renorphine (0-6 mg then 0-35 mg as
needed) was compared with that of im. morphine (10 mg)
followed by i.v. morphine (20 mg then 3 mg + 0-5-6-0 mg/h as
needed) for postoperative pain measured at rest and on cough-
ing in a double-blind trial involving 13 patients (average age:
59-60 years) recovering from coronary bypass surgery.

Figure S9 The analgesic efficacy of PCA buprenorphine was
compared with that of PCA morphine alone and in combination
in a prospective, randomized, and double-blind four-arm trial
with 120 patients (63M/57F; 21-80 years) during the first 12
postoperative hour following abdominal surgery.

Figure S10 The analgesic efficacy of i.v. buprenorphine (0-3
mg) was compared with that of i.v. morphine (10 mg) in a
double-blind, between-patient study for pain after major abdom-
inal surgery of 51 patients (25M/26F, mean age: 45-51 years).

Figure S11 The efficacy of epidural buprenorphine (60 pg)
was compared with that of i.m. morphine (0-15 mg/kg) for pain
relief in a prospective randomized trial involving 20 patients
(6M/14F, 3540 years) following spinal fusion surgery.

Figure S12 The analgesic efficacy of epidural buprenorphine
was compared with that of epidural morphine in a randomized
double-blind study of 34 patients (17M/ 17F, age 17-82 years)
recovering from major abdominal surgery.

Figure S13 The analgesic efficacy of extradural buprenorphine
(0-09 and 0-018 mg) was compared with that of extradural
morphine (3 mg) for postoperative pain in a prospective double-
blind randomized study involving 57 women (average age 25-
30 years) after elective Caesarean section.

Figure S14 The analgesic efficacy of epidural buprenorphine
(0-15 mg) was compared with that of epidural morphine (5 mg)
in a double-blind study of 50 patients (22M/28F, average age
58-62 years) recovering from abdominal surgery. Pain was
assessed using a 10-point VAS.
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45-48 year).

32 patients (17M/15F; 42-78 year).
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