
Both Differin1 0.1% gel (adapalene 0.1% gel) and

various formulations of tretinoin 0.025% gel have been

successfully used in the treatment of acne vulgaris.

Tretinoin was the first retinoid indicated for topical

treatment of acne. Adapalene is a more recently

developed, novel naphthoic acid derivative, with

retinoid-like activity, but with greater selectivity for

certain retinoic acid receptors compared to tretinoin.1

Comparative trials on the two agents have demon-

strated varying results regarding efficacy. For instance,

in a recent analysis of European and US multicentre

trials comparing adapalene 0.1% gel and tretinoin

0.025% gel, the results of one study demonstrated

superior efficacy for adapalene while the other demon-

strated parity.2 Some studies have demonstrated more

rapid efficacy with adapalene 0.1% gel compared to

tretinoin 0.025% gel, while others have not.3±5 In all

trials to date, adapalene 0.1% gel has consistently

demonstrated superior tolerability compared to treti-

noin 0.025% gel (this issue, pp 26±33).2±7

To help clarify and confirm these previous clinical

findings, a meta-analysis was conducted. The objective

of this was to determine if adapalene 0.1% gel provided

more rapid efficacy and significantly better overall

efficacy and local tolerability in the treatment of acne

vulgaris compared to tretinoin 0.025% gel.

Materials and methods

Meta-analysis protocol

This meta-analysis involved a statistical integration of

five comparative studies which evaluated the efficacy

and safety of adapalene 0.1% gel and tretinoin 0.025%

gel in treating acne vulgaris (this issue, pp 26±33.).3±6

All comparative studies, both published and unpub-

lished from the United States and Europe, that fulfilled

rigorous protocol criteria (multicentre, randomized,

investigator-blind) were used. (See Table 1.) All studies

involved patients with mild-to-moderate acne vulgaris
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Summary The purpose of this meta-analysis was to determine if adapalene 0.1% gel (Differin1) provided

superior efficacy and better tolerability than tretinoin 0.025% gel in the treatment of acne vulgaris.

All comparative studies, both published and unpublished, from the United States and Europe, that

fulfilled rigorous protocol criteria (multicentre, randomized, investigator-blind) were used. Five

comparative studies met these criteria. In total, the meta-analysis evaluated 900 patients (450

treated with adapalene 0.1% gel, 450 treated with tretinoin 0.025% gel) with mild-to-moderate

acne from the combined clinical trials. To avoid study bias, the meta-analysis used an intention-to-

treat analysis. Statistical methodology for the meta-analysis included analysis of covariance,

analysis of variance and Cochran±Mantel±Haenszel test. All statistical tests were two-sided, with

the 0.05 probability level used to establish statistical significance, and 95% confidence intervals

used to assess equivalence. Adapalene demonstrated equivalent efficacy to tretinoin in terms of

reducing total lesion count. Adapalene demonstrated more rapid efficacy, as evidenced by a

significant difference in the reduction of inflammatory and total lesions at week 1. Adapalene also

demonstrated considerably greater local tolerability at all evaluation periods. The findings from this

meta-analysis suggest that adapalene 0.1% gel constitutes a pharmacologic advance over such

classic retinoids as tretinoin for the treatment of acne vulgaris.
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(grades 1±5, Burke and Cunliffe scale) who received, in

parallel groups, adapalene or tretinoin for 12 weeks. In

total, the meta-analysis evaluated 900 patients from

the combined clinical trials.

In order to avoid study bias, an intention-to-treat

protocol for the efficacy and safety analysis was

adopted; efficacy analyses were performed on all

patients enrolled in the studies and randomized to

treatments. Regarding efficacy, the endpoint value,

determined from a particular visit, was defined as the

last efficacy assessment on a particular patient, even if

there was no follow-up data after baseline (i.e. last

observation carried forward). Regarding safety, the

Worst Score was defined by patient and variable as the

maximum score observed over all post-baseline visits

(weeks 1±12 or weeks 2±12, depending on the study).

This allowed any patient with at least one visit after

baseline to be included in the meta-analysis of safety.

Efficacy and local safety/tolerability variables ana-

lysed in each study were similar, as was the statistical

methodology. Statistical methodology for the meta-

analysis included analysis of covariance, analysis of

variance, and the Cochran±Mantel±Haenszel test. All

statistical tests were two-sided; the 0.05 probability

level was used to establish statistical significance.

Efficacy and safety variables analysed

The primary efficacy variables analysed were total

lesion counts, inflammatory lesion counts and non-

inflammatory lesion counts. The primary local toler-

ability signs analysed were erythema, scaling and

dryness, while the local symptoms analysed were

burning and pruritus. These last two symptoms were

also assessed as being persistent, or only occurring

immediately after treatment application. Each sign and
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Table 1 Summary of individual studies comparing adapalene 0.1% gel and tretinoin 0.025% gel

Study Study design Patient population * Results

Alirezai et al.4 Investigator-blind, 89 patients with mild- Comparable efficacy;

randomized, parallel- to-moderate acne adapalene demonstrates

group, multicentre; (grades 1±5, Burke superior tolerability

12-week treatment period and Cunliffe's scale);

29 adapalene 0.03%,

30 adapalene 0.1%,

30 tretinoin

Shalita et al.3 Investigator-blind, 323 patients with Adapalene demonstrates

randomized, parallel- mild-to-moderate more rapid and superior

group, multicentre; acne (grades 2 & 3); efficacy (weeks 2, 4, 12);

12-week treatment period 149 adapalene, 139 and superior tolerability

tretinoin, 35

discontinued

Berger et al.5 Investigator-blind, 180 patients with Adapalene demonstrates

randomized, parallel- mild-to-moderate significantly better

group, multicentre; acne (grades 1±5); improvement in

12-week treatment period 72 adapalene, non-inflammatory lesions

72 tretinoin, 36 vehicle (week 12), inflammatory

lesions (week 2); tretinoin

demonstrates significantly

worse burning at week 12

Cunliffe, et al.6 Investigator-blind, 268 patients with Comparable efficacy;

randomized, parallel- mild-to-moderate adapalene demonstrates

group, multicentre; acne (grades 1±5), superior tolerability

12-week treatment period 134 adapalene,

134 tretinoin

Grosshans et al. Investigator-blind, 105 patients with More rapid response with

(this issue, pp 26±33) randomized, parallel- mild-to-moderate adapalene on inflammatory

group, multicentre; acne (grades 1±5), lesions (week 1);

12-week treatment period 52 adapalene, comparable effects at

53 tretinoin week 12; adapalene demonstrates

superior tolerability

*Patients enrolled in study, all of whom may not have been available for efficacy and/or tolerability evaluations.
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symptom was rated on a 0±3 scale, corresponding to

none, mild, moderate or severe, respectively. Two

global scores for local tolerability were also determined,

using mean scores for the local signs and symptoms.

The Mean Objective Score was an average of the

erythema, scaling and dryness scores. The Overall

Mean Score was comprised of an average of the above

signs in addition to immediate and persistent burning

and pruritus. Use of the mean scores allows standard

analysis of variance techniques on the resultant

variables, which are analogous to continuous vari-

ables. Furthermore, combining relatively rare occur-

rences of individual objective signs and symptoms

improves statistical power.

Data transformations

Primary lesion counts generally follow a Poisson

distribution. Since calculation of confidence intervals

or classical tests of statistical significance requires a

gaussian distribution, a normal approximation was

effected by transforming lesion counts using the square

root transformation. This transformation provided

residual values that were both more independent of

predicted values and more homogeneous, and facili-

tated a parametric analysis of covariance.

A non-parametric analysis, which is not predicated

on the assumptions involved in parametric analysis,

was done to confirm the results of the parametric

analysis. This analysis examined the percentage

change of lesion counts, which has the advantage of

being less correlated to baseline counts compared to

absolute changes. In addition, it is clinically more

relevant than absolute count values. Local tolerability

parameters (signs and symptoms) were not trans-

formed or adjusted to baseline with the rationale that

these signs and symptoms rarely occur at baseline.

Statistical methodology for meta-analysis

The means for the efficacy parameters evaluated (i.e.

primary lesion counts, change from baseline, and

percentage change from baseline) were adjusted

according to study and centre variations, using

analysis of variance. Analysis of covariance, with

baseline as a covariate, was performed at each visit,

including endpoint. The model accounted for effects for

each study and centre within study (a separate slope

for each centre), as well as treatment and study-by-

treatment and centre-by-treatment interactions. The

study-by-treatment interaction was tested using the

residual error term (between-patient variability), not

the centre-by-treatment interaction. The P-value for

treatment was obtained after dropping out the two

interaction terms from the model. An approximate 95%

confidence interval (C.I.) for the difference between

adapalene 0.1% gel and tretinoin 0.025% gel on mean

percentage change from baseline was calculated at

endpoint for total lesions using the descriptive means

and standard error of the mean (SEM).

To confirm the results from the above analysis, a

non-parametric test (the Cochran±Mantel±Haenszel

test) was conducted in order to compare treatments

on percentage changes from baseline in lesion counts.

Data were stratified according to study and centre

within study. To avoid giving special emphasis or

`weight' to the largest centres, which would occur

through the use of the rank test, a ridit transformation

was performed. This has the advantage of assigning an

appropriate weight to each study/centre.

Regarding the local safety/tolerability evaluation,

the Objective score and the Overall score were sum-

marized as means and standard error of the mean,

obtained by visit after an analysis of variance. The

model included effects for study, centre within study

and treatment. Interaction terms were added to evalu-

ate the coherence of results across studies or centre.

After pooling the data from all studies without adjust-

ment, summary statistics for the incidence of each

individual sign or symptom, according to severity, were

obtained. The CMH test was used to compare the

treatments, after stratifying the data based on each

individual study and centres within each study. In

addition, an adjusted analysis was performed on the

incidence of each moderate-to-severe sign and symptom

in order to derive Relative Risk (RR) estimates with 95%

confidence intervals. The RR is defined as the ratio of

sign/symptom incidences for adapalene 0.1% gel vs.

tretinoin 0.025% gel. A ratio below 1 would indicate a

decreased incidence of one therapy relative to the other.

Results

Efficacy

Although this meta-analysis demonstrated a slight

trend towards superior improvement in total and

individual lesions throughout the 12-week treatment

period with adapalene compared to tretinoin, there

were no significant differences except at week 1.

At week 1, adapalene demonstrated significantly

greater reduction in both inflammatory and total

50 W.J.CUNLIFFE et al .
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lesions, as assessed by analysis of covariance as well as

by the CMH test (P 5 0.05) (Fig. 1.). Some study-by-

treatment and centre-by-treatment interactions were

detected; however, it appeared that between-treatment

differences were not less heterogeneous across studies

than across centres within studies.

Table 2 shows the percentage change in lesion

counts at endpoint (the last visit of the 12-week

treatment period) with adapalene compared to treti-

noin. The negative values seen in the difference

between the two treatments, as well as the confidence

limits, correspond to a higher percentage reduction for

adapalene. Thus, for total lesions, adapalene is unlikely

to demonstrate lower efficacy compared to tretinoin,

but may be up to 8.5% better in terms of lesion

reduction. Thus, based on this meta-analysis, adapa-

lene has a more rapid effect very early on in therapy,

but at other time points the two therapies produce very

similar changes in lesion counts.

Tolerability: global evaluation

The meta-analysis clearly demonstrates the superior

local tolerability of adapalene compared to tretinoin

during all evaluation periods (Fig. 2.). As seen in Table

3, adapalene demonstrated significantly fewer side-

effects compared to tretinoin as evaluated by the

Mean Objective Score and the Overall Mean Score

(P50.001). No significant treatment-by-centre inter-

actions were detected. A unique treatment-by-study

interaction was detected at week 8, due to the results of

one of the studies, where no numerical between-

treatment difference was seen.

Tolerability: individual signs and symptoms

As shown in Figs 3 and 4 and Table 4, adapalene

demonstrated significantly better topical tolerability in

six of seven signs and symptoms. The reduction in the

incidence of moderate-to-severe signs and symptoms

with adapalene compared to tretinoin ranged from±

80% (reduction in incidence of burning after applica-

tion) to±27% (reduction in incidence of erythema).

Discussion

Meta-analysis has largely replaced literature reviews as

a more rigorous, objective method of evaluating a

clinical topic. Though many researchers and practi-

tioners have applauded the advent of this more

systematic, quantitative approach, this method has

also evoked criticism. For instance, it has been noted
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Figure 1. Percentage change in total lesion

counts from baseline (adjusted means+ SEM)

with adapalene 0.1% gel compared to

tretinoin 0.025% gel (P-value 5 0.05 for

comparison between treatments, by CMH test

stratified for study and centre).

Table 2 Percent change in lesion counts at endpoint with adapalene 0.1% gel compared to tretinoin 0.025% gel

Adapalene 0.1% gel Tretinoin 0.025% gel Difference and

% Change in lesions (n=450) (n=450) approximate 95%

at endpoint mean+ SEM mean+ SEM confidence interval P value *

Inflammatory lesions ±52.3+2.3 ±50.8+2.3 ±1.5 (±8 to + 5) 0.51

Noninflammatory lesions ±58.1+2.4 ±52.3+2.4 ±6 (±12 to + 1) 0.38

Total lesions ±57.4+1.6 ±53.4+1.6 ±4 (±8.5 to + 0.5) 0.48

*P-value determined on Intention to Treat population using Cochran-Mantel-Haenszel test with centre as strata and ridit transformation.

The means are adjusted for study-to-study and for centre-to-centre variations, using analysis of variance.
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that meta-analysis is essentially a retrospective review

of data and is therefore associated with the limitations

of this approach. The quality of the meta-analysis will

be dependent on the quality of the primary studies

evaluated and the rigour of the review.8 Nevertheless,

meta-analyses can be valuable when the findings of

randomized trials do not converge to a consensus.

Ultimately, meta-analyses do not offer primary evi-

dence of clinical effects, but they do provide proof, or

disproof, of an intervention's proposed clinical bene-

fits.9 It has been said that `it is easy to do a meta-

analysis; it is hard to do one well.'10 The protocol

adopted for this meta-analysis was designed to cohere

with the most rigorous criteria set forth to date for the

execution of such a pooled analysis. Though there is no

unequivocally accepted standard for performing meta-

analyses, Bulpitt suggested in a 1988 Lancet article that

meta-analyses should be limited to an evaluation of

trials that have the following characteristics: randomi-

zation, intention-to-treat design and comparable

patient populations with closely defined diagnoses.11

He further states that these well-designed trials should

address a standard clinical question and report the

outcomes clearly. Others have concurred with these

criteria.9 The studies used for this meta-analysis virtually

fulfil most of these proposed requirements. Though only

some of the primary trials used an intention-to-treat

analysis, specifically for the evaluation of safety and

tolerability, the meta-analysis did use the intention-to-

treat analysis of both efficacy and tolerability parameters

in order to ensure the most robust data analysis as well as

a consistent methodological approach across studies.

The results of the individual primary trials were not

completely homogeneous, especially regarding com-

parative efficacy. It should be noted as a caveat that the

international research on which this meta-analysis was

based occurred on two continents over a 7-year period.

Thus, it is reasonable to expect such variation. As

noted previously, studies with similar designs and

methodologies as well as similar patient populations

were chosen for this meta-analysis in order to minimize

the number of variables.

As retrospective studies, all meta-analyses are sub-

ject to four types of bias: selection bias, ascertainment

bias, publication bias and follow-up bias.10 Selection

bias refers to the meta-analyst's bias in selecting

52 W.J.CUNLIFFE et al .
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Figure 2. Comparison of overall mean side-

effects score (adjusted means+ SEM) for

adapalene 0.1% gel vs. tretinoin 0.025% gel.

*P50.001 by analysis of variance.

Table 3 Mean Objective Score and Overall Mean Score for adapalene 0.1% gel vs. tretinoin 0.025% gel

Adapalene 0.1% gel Tretinoin 0.025% gel

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

Worst Score n Mean SEM n Mean SEM P value*

Mean Objective Score 442 0.855 0.028 434 1.062 0.028 4 0.001

Overall Mean Score 442 0.528 0.020 434 0.724 0.020 4 0.001

Worst Score calculated by using the highest score observed for each patient over post baseline visits.

Mean Objective Score=Average among erythema, scaling, dryness.

Overall Mean Score=Average among erythema, scaling, dryness, and burning and pruritus (immediate or persistent).

*P-value determined on intention-to-treat population using analysis of variance, stratified on study and centre.
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studies. Ascertainment bias would occur if the meta-

analyst did not ascertain through an exhaustive search

all relevant studies. Publication bias could arise when

only published studies with significant results are

included. Finally, follow-up bias refers to preferential

follow-up of select patients in the study.9 The present

meta-analysis is totally devoid of such biases. Selection

of studies was based on rigorous criteria for the study

protocol: primary studies had to be of a randomized,

multicentre, investigator-blind design, all with a 12-

week treatment period. As for ascertainment bias, the

primary trials used were the only ones with the

abovementioned well-controlled design, comparing

adapalene 0.1% gel and tretinoin 0.025% gel for

efficacy and safety in acne vulgaris. This meta-analysis

also precluded publication bias by using both published

and unpublished studies, some of which demonstrated

statistically significant results for adapalene regarding

comparative efficacy, while others did not. Finally, all

studies used consistent follow-up periods for both

patient groups.

Based on the above, it can be concluded with a

reasonable degree of certainty that adapalene 0.1% gel

provides equivalent efficacy to that of tretinoin 0.025%

gel. However, adapalene does provide more rapid

efficacy, as evidenced by the significant difference in

favour of adapalene over tretinoin in reducing total

lesion counts and inflammatory lesion counts at week

1. It also can be concluded that adapalene provides

superior local tolerability compared to tretinoin. This

last finding is not only consistent with that of the

primary studies, it is also validated by extremely robust
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Figure 3. Percentage incidence of each

cutaneous side-effect/sign with adapalene

0.1% gel compared to tretinoin 0.025% gel

(worst score over post baseline visits,

calculated by using the highest score observed

for each patient over post baseline visits).

Figure 4. Percentage incidence of each

cutaneous side-effect/symptom with

adapalene 0.1% gel compared to tretinoin

0.025% gel (worst score over post baseline

visits, calculated by using the highest score

observed for each patient over post baseline

visits).
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P-values for the global scores as well as for the inci-

dences of many of the individual signs and symptoms.

There are several possible pharmacological explana-

tions for this superior tolerability profile of adapalene

compared to tretinoin: adapalene demonstrates more

selective retinoic acid receptor (RAR) binding; it has

affinity for two out of three subtypes of nuclear RARs,

while tretinoin binds all three. Additionally, tretinoin

binds to cytosolic RARs, while adapalene is devoid of

this activity.

As a long-chain organic acid, the tretinoin molecule

could result in non-specific interference with cell

#1998 British Association of Dermatologists, British Journal of Dermatology, 139, Suppl. 52, 48±56
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Table 4 Incidence of moderate-to-severe local signs/symptoms over post baseline visits and relative risk estimates with adapalene 0.1% gel

compared to tretinoin 0.025% gel

Incidence of moderate Relative Risk (Adapalene over Tretinoin)

to severe signs/symptoms Adapalene 0.1% gel Tretinoin 0.025% gel ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

(worst score) (n=442) % (n=434) % Estimate 95% Confidence Interval P value*

Immediate burning 7.47 38.02 0.20 0.15±0.26 0.000

Persistent burning 5.88 10.14 0.59 0.38±0.92 0.021

Scaling 17.65 33.87 0.52 0.42±0.65 0.000

Dryness 19.91 30.18 0.66 0.54±0.82 0.000

Erythema 20.36 27.88 0.73 0.59±0.91 0.005

Immediate pruritus 5.43 9.22 0.58 0.37±0.93 0.024

Persistent pruritus 5.66 6.45 0.87 0.52±1.46 0.596

Worst Score calculated by using the highest score observed for each patient over post baseline visits. * P-value for comparison between treatments,

after CMH test stratified for study and centre, performed only for the pooled moderate-to-severe categories.

Figure 5. Acne patient treated with adapalene 0.1% gel (a) before treatment; (b) after treatment. Note the absence of apparent irritation.
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membrane function. Adapalene, as a more neutral

molecule, is less likely to exhibit these effects.

Adapalene, a more chemically stable molecule than

tretinoin, does not break down in the presence of light.

It is possible that some breakdown products of tretinoin

may be irritants.12

Another explanation for the superior tolerability of

adapalene could be the vehicle. The gel vehicle for

adapalene is an aqueous formulation, while the gel

vehicle for tretinoin contains alcohol.13 However, this

explanation is undermined by the fact that when

adapalene was delivered in a vehicle containing

alcohol±similar to that of the tretinoin gel formula-

tion±its skin irritation potential was still significantly

lower than that of tretinoin gel.12 Furthermore, the

tretinoin 0.025% cream formulation, generally consid-

ered to be the least irritating tretinoin formulation, still

causes significantly more topical signs and symptoms

compared to adapalene 0.1% gel (this issue, pp 17±22).

Though this meta-analysis demonstrated that

adapalene had equivalent overall efficacy to tretinoin

at the end of the 12-week period, its superior efficacy

to tolerability ratio may ultimately improve outcomes

through improved compliance (Figs 5a, b and 6a, b).

As Draelos observed about acne regimens, successful

treatment interventions are a function not just of the

inherent efficacy of a drug, but of patient compliance

as well;15 the side-effect profile of a therapeutic agent

is known to influence compliance.14,15 Though

compliance is a complex issue involving a myriad of

factors, agents with better tolerability profiles will

probably be associated with higher rates of compli-

ance. Higher compliance rates in turn could result in

better efficacy outcomes. This is likely to be most

relevant in the clinic where patients are less

compliant than in clinical trials (Glass D, Cunliffe

WJ 1998. How much topical therapy should be used

by an acne patient? In preparation).

In summary, the equivalent efficacy and superior

tolerability of adapalene 0.1% gel compared to tretinoin

0.025% gel make this innovative agent a major

advance in the topical treatment of acne.

Figure 6. Acne patient treated with adapalene 0.1% gel (a) before treatment (b) after treatment. Note the absence of apparent irritation.
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