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High Methadone Dose Significantly Reduces Cocaine
Use in Methadone Maintenance Treatment (MMT) Patients

Einat Peles, PhD
Mary Jeanne Kreek, MD 3
Scott Kellogg, PhD
Miriam Adelson, MD

ABSTRACT. Aim: To evaluate whether effective methadone treatment affects cocaine use.

Methods: Four hundred twenty-one consecutive patients admitted to a methadone maintenance
clinic in Israef (1993-2002) were prospectively studied. Patients’ urine samples were analyzed for
cocaine during months | and 13.

Results: On admission 55(13.1%) of 421 patients had urine positive for cocaine and 366 had
negative. Of the 55 cocaine-positive patients, 45(81.8%) stayed in treatment at least one year, as
did 267(73%) cocaine-negative. After one year (n = 312) 31 of 45 cocaine users stopped and 25 of
267 started. Methadone dose was highest in 31 patients who stopped cocaine (176.1 £42.1 mg/
day), followed by 14 who did not stop (161.4 £37.5 mg/day), and 25 who started during treatment
(122.9 £48.7 mg/day), or 242 who never used cocaine (119.5 £48.4 mg/day) (ANOVA,F = [5.6,
P < 0.0003).

Conclusions: High methadone dose may reduce cocaine use in patients addicted to both heroin
and cocaine. fArticle copies available for « fee from The Haworth Document Delivery Service: 1-800-
HAWQRTH. E-mail address: <docdelivery@haworthpress.comn> Website: <htip:/fwww. HaworthPress.com>
© 2006 by The Heawarth Press, Inc. All rights reserved. |

KEYWORDS. Methadone maintenance treatiment, cocaine, heroin, addiction

INTRODUCTION the importance of these to therapeutic success is
well established.?
Methadone maintenance treatment (MMT) In addition to the well-documented heroin

is the most effective pharmacotherapy for her-  abuse reduction during MMT, there are reports
oin addiction.’? Good MMT programs include  describing cocaine abuse reduction in the
psychosocial as well as medical therapy, and MMT clinics.*? The reductionincocaine abuse
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was mostly attributed to the psychosocial ser-
vices. #6589 However, laboratory, as well as hu-
man, studies that have been reported recently
suggest that methadone itself may have adirect
impact on cocaine abuse reduction.”.10-14

The current study evaluates whether treat-
ment with methadone (a mu opioid agonist)
might have an effecton cocaineuse in MMT pa-
tients, and whether this effect is dose-depend-
ent,

METHODS
Study Population

We prospectively studied 421 patients meet-
ing criteria similar to U.S. Federal Regulations
for entering into methadone treatment (i.e.,
meeting DSM-IV criteria of dependence plus
multiple daily sclf-administrations of heroin
for one year or more) who were admitted to a
Methadone Maintenance Treatment Clinic in
Tel-Aviv, Tsrael, between July 1993 and April
2002; of these, 312 (or 74.1%) stayed in treat-
ment forone year or more. The characterization
and effectiveness of the clinic have been previ-
ously reported.!?

URINE TOXICOLOGY
AND METHADONE

Patients in treatment underwent at least one
random obscrved urine test per week (range
I-11 per month, mean equals 4 samples per
month, i.e., I sample per week) for the entire
length of their treatment (range | day-9.6
years), with 312 patients staying for one yearor
more. All patients’ urines were analyzed for the
cocaine metabolite benzoylecgonine (as well
as opiates, benzodiazepines, THC, amphet-
amines and methadone) using the EMIT
method. ! Methadone dose was recorded daily,
and the doses administered in the beginning of
month 3 wererecorded foruse indata analyses
in this study. Admission drug use was defined
as “positive” if at least one positive urine forthe
drug (cocaine) was found in the first month in
treatment. Al completion of one year of treat-
ment, patients were again defined as “positive”

for cocaine use if the patient had at least one
positiveurine screen forcocaine inmonth 13.

Statistical Analyses

The changes in number of patients with posi-
tive urine toxicology reports on admisston and
after one vear of treatment were evaluated. Pro-
portional differences between groups were an-
alyzed by Chi Square or Fisher’s Exact Test.
Methadone dose and other continuous vari-
ables were analyzed for significant differences
using analyses of variance (ANOVA) and anal-
yses of variance with covariance (ANCOVA),
Analyses were done using SPSS-11,

RESULTS
Cocaine Use and One Year Retention

The mean age of our patients was 36.6 £ 8
years (range 18-64); 73.4% were male and
26.6% female. Mean years of opiate abuse be-
fore admission to MMT was 13.4 1+ 7.9 years,
range 1-37 (unknown in 17(4%) patients).
Mean years of education of our patients was
9.8 £ 2.9 years, range (-19 (unknown in 37
(8.8%) patients). A total of 275 (65.2%) were
born in Israel, and 146 (34.8%) were immi-
erant, mostly from Russia (n=85) but also from
other parts of Europe (n = 12), Canada (n=1),
South America{n= 1), Asia{n=13), Africa(n=
17), west bank and Palestinian authority (n =
13} and unknown if Europe or America (n=2).
Actotal of 268 (63.7%) had one or more children
whenadmittedto MMT. Of our421 patients, 39
stayed in treatment 3 months or less, and 70 pa-
tients stayed more than 3 months but less than
one vear. Thus the one-year retention in treat-
ment was 74.1% (312 out of 421).

On admission, 13.1% of patients (a = 35)
used cocaine, while 366 did not. Forty-five of
the 55 cocaine patients stayed in MMT for at
least one year (of those who left, § left after and
5 before 3 months) (Table 1). Of 366 patients
who did not use cocaine on admission, 267
stayed in MMT for at least one year (of those
who left, 65 left after and 34 before 3 months)
(Table 2).
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TABLE 1. Patients with cocaine use on admission:
Cocaine in last month of treatment

Time in Trealment Totat Yes No Unknown
11 {%) n{%) n {%) n{%)
Overall 55 (100) 20(36.4) 321{58.2) 3{&5
Ledt treatment 5(100) 1{20) 1 {20) 3 (80)
=3m
Lelt treatment 5(100) 5{100) 4
>3matiy
Retention 45 (100} 14 {31.1) 31 (88.9)
= 1year*

*Cecaine at month 13

TABLE 2. Patients with no cocaine use on admis-
sion: Cocaine in last month of freatment

Time in Treatment Total Yes No Unknown
n (%) n {%) n (%) n (%}
QOverall 366 {100) 34(9.3) 303(82.8) 29(7.9)
Left treatment 34.{100) 1 {2.9) 10(29.4)  23{67.6)
=3m

Left treatment 85 (100) 8(12.3) 51 (78.5) 6{9.2)
>3m<ly

Relention 267 (100} 25(9.4)  242(80.6)
¥ 1year

*Cocaine at month 13

When comparing one-year retention rates of
patients who used cocaine in the first month of
treatment to those who did not, we found that
the one-year retention rate among 55 patients
whousedcocaine in the first month of treatment
was 81.8%, which was not significantly differ-
ent when compared to the 366 patients who did
not use cocaine in the first month of treatment
and had aone-yearretentionrate of 73.0% (267/
366) (Fisher's Exact Test p = 0.2} (Table 3).

Of these 435 patients who stayed at least one
year, 31 patients (68.9%) stopped abusing co-
caine (no cocaine in 13-monthurine) (Table 4).
Of the 366 non-cocaine patients, 267 stayed in
MMT after one year, and 25 of these patients
(9.4%) were found to have a cocaine-positive
urine toxicelogy report at month 13,

After one year in treatment, 63.8% (199 of
the 312 patients who stayed one year) stopped
using opiates as reflected by opiate-free toxi-
cology reports in urine in the 13th month of
treatment. We divided the 312 patients who
stayed in treatment at least one year into four
groups based on their cocaine use. These were

TABLE 3. Age, gender, urine benzodiazepines on

admission, and among cocaine abusers/non-abus-
ers on admission

Admission No Fisher's P
cocaing adrission Exacl
abuse cocaine Test
abuse

N =55 N =366

Age {years) 385£80 37.0:81 “F=02 0.7
1 year Retention  81.8% 73.0% 0.2
Sex 0.003
Male 586.4% 76.0%
Female 43.6% 24.6%
Benzodiazepines 0.002
on admission
Positive 74.5% 52.7%
Negalive 25.5% 47.3%

*p = two sides significance, *"ANOVA

TABLE 4. Proportions of patients who started or
stopped cocaine use

Time in Trealment Started Stopped
Overall 9.3% (34/366) 58.2% (32/55)
Only subjects with retention 9.4% (25/267) 68.9% (31/48)
=1 year”

"Cocaine al month 13

patients who (a) ceased use while in treatment
(“Stopped’”’}(n=31), (b) continued touse while
in treatment (“Always”) (n = 14), (¢) were co-
caine-free in the first month but were positive at
month 13 (“Started™) (n = 25}, or (d) were co-
caine-negative at both time points (“Never™)
(n = 242). Comparisons between groups are
presented in Table 5. The groups differed sig-
nificantly inopiate userates after one year, with
the lowest proportion of illicit opiate abuse in
group (a) those who stopped cocaine (19.4%)
followed by group (d) those who never used co-
caine (33.5%), while those who alwaysused (b)
and those whe started (¢) had the highest pro-
portion of opiate use (64.3% and 68%, respec-
tively) (ChiSquare=19.9, p < 0.0005). Patienis
who stopped cocaine use had the significantly
highest proportion of females; 51.6% as com-
pared to 28.6% in the “Always” group, 36% in
the “Started” group and 24% in the “Never”
eroup {Chi Square 10.4, p=0.02). Groups also
differed significantly in age of admission
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TABLE 5. One year retention year patients only: Differences between groups of cocaine users after one

year
Gogaine use Stopped using Cocaine use Mever usad Chi Sguare o
continued from cocaing (a) started during cocaine (d}
admission (b) trealment {c)
N=14 N=231 N =25 N =242
Age (y) 39.825.0 36.2:89 331177 374178 YF=3 003
Opiale abuse {y} 166 +6 1388 11.3£0.2 1348 “F=3 0.02
Bex 10.4 0.02
Male 71.4% 48.4% 64.0% 76.0%
Female 28.6% 51.6% 38.0% 24.0%
Hiicil opiales used during 19.¢ < 0.0005
13th month
Positive 64.3% 19.4% 68.0% 33.5%
Negative 35.7% 80.6% 32.0% 66.5%
iHicit benzodiazepines used during 64 0.09
13th month
Positive 56.4% 74.5% 56.4% 52.7%
Negative 43.6% 25.5% 43.6% 47.3%
One year
Methadone dose {mg/day) 1614+ 375 176.¢ + 42,1 122.9 £ 48.7 119.5 £ 48.4 Y'F=1586 < (L0005

*p = two sides sigrificance, "*ANOVA

(ANOVA F =3, p=0.03) and in duration of
continued illicitopiate abuse since admissionto
MMT(ANOVAF=3,p=0.03) (scc Table ).

In the “good outcome” group, those who
stopped plus those who neverused cocaine (n =
273) as compared to the “bad outcome” group,
those who continued abusing cocaine plas
those who started abusing cocaine (n = 39), we
found that the proportion of patients who used
benzodiazepines during month [3 was signifi-
cantly lower in the “good outcome™ group
(46.1%) as compared to 64.1% in the “bad out-
come” group {Fisher’s exact test, p = 0.04).
Also, inthe “good outcome™ group, the propor-
tion of patients who were positive forillicitopi-
ate abuse during month 13 was significantly
lower (31.9%) as compared to 66.7% in the
“bad outcome” group (Fisher’s exact test, p <
0.0005). The groups did not differ in gender
proportion (27.1% female and 72.9% male in
the “good outcome” group and 33.3% female
and 66.7% male in the “bad outcome” group,
Fisher’s Exact test, p = 0.4), in admission age

(37.2 £ 8 y in the “good outcome” group, and
355 £ 7.5 y in the “bad outcome” group,
ANOVAF=1.3,p=0.3), orinmethadone dose
after one year (125.9 = 50.9 mg/day in the
“good outcome” group vs. 136.7+48.3 mg/day
in the “bad outcome” group, ANOVAF=27,
p = 0.1). A total of 205 out of 421 (48.7%)
stayed in treatment for 2 years or more. Relen-
tion did not differ significantly between co-
caine users 22(40%) and “non cocaine” users
183(509%) on admission (Fisher’s Exact Test =
0.2). With respect to treatment retention, of the
312 patients who had stayed at least one year,
the 2-year retention differed significantly be-
tween groups; it was 70.2% in the “never used
cocaine” group while the “continued,” “stopped,”
and “started” cocaine groups had 50%, 48.4%,
and 52% 2-year retention, respectively (Chi
Square 9.6, p = 0.02).

Cocaine Use and One Year Methadone Dose

In order to evaluate the possible effect of
methadone dose on cocaine use, we evaluated

|
]
]
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the methadone dose after one year in treatment
{dose in the beginning of month 13}, Compari-
son between the groups of patients who used
cocaine on admission and patients with no ad-
mission cocaine use showed that cocaine use
patients had a significantly higher methadone
dose at one year (171.6 £40.9 mg/day (n=45)
vs, 119.8448.3 mg/day (n=267), respectively)
(ANOVA, F =46, p <0.0005).

When comparing the methadone dose be-
tween patients who “Stopped,” “Started,” “Al-
ways,” or “Never” used cocaine after one year,
it can be seen that methadone doses after one
year were highest in (a) patients who stopped
using cocaine (N =31) (176.1 £42.1 mg/day),
foliowed by (b) those who continuedtouse (N=
14} (161.4 = 37.5 mg/day), to (¢) those who
started using during treatment (n =25)(122.9+
48.7 mg/day), while the lowest dose of metha-
done was in d) patients who had neverused co-
caine(n=242)(119.5£48 4dmg/day) (ANOVA,
F=15.6, p < 0.0005) (Table 5).

The results were similar and still significant
after adjustment (stratified) for patients with
positive or negative urine benzodiazepines
(ANOVA, corrected model F = 8§, p < 0.0005).
The former adjustments were performed be~
cause patients who had positive urine ben-
zodiazepines in month 13 had significanty
higher methadone dose compared to those with
negative urine benzodiazepines (145.2 £ 49.1
mg/day in=151] vs. 110.5+46.2 mg/day [n=
1611 F =414, p < 0.0005).

Since patients were admitted to the clinic
over a tong period of time (between 1993 and
2002), we examined the relationship between
methadone dose and year of admission. We
found that methadone doses significantly in-
creased by the patients” years of admission
(from 88.1 £37.9 mg/din 1993 t0 169.4 £ 69.7
mg/d in 2002, ANOVA F=10.2, p <0.0005).
We also found an increase in the proportion of
patients who used cocaine on admission from
1993 through 2002 (from Qin 1993 t0 30.4% in
2002, Chi Square = 36.2, p < (.0005). We then
compared the methadone dose in the negative
and positive admission cocaine groups ad-
justed by year of admission, and found that pa-
tients with positive urine samples for cocaine
still had significantly higher methadone doses
compared to patients who had negative urine

toxicology reports for cocaine on admission in
any admission year group (ANCOVA cor-
rected model F=6.7, p <0.0005, cocaine group
F=10.8,p=0.001, admission vear, F=3.8,p<
0.0003).

DISCUSSION

The current study included 421 MMT pa-
tients who were admitied to the clinic through-
outalmost 10 (9.8) years. A netreduction in co-
caine use was observed after one year of
treatment. Cocaine and non-cocaine-abusing
patients had a similar one-year retention rate,
while among those who stayed in treatment at
least one year, the cocaine-abusing patients
were receiving significantly higher methadone
doses, as compared to non-cocaine-abusing pa-
tients at 13 months of treatment. Moreover, the
level of illicit opiate abuse was significantly
lower in patients who used cocaine on admis-
sion and stopped theircocainense, ascompared
tothose who started, those who did notstop, and
those who never used cocaine.

The high methadone dose in the patients who
stopped cocaine use after one year was inde-
pendentof the patient’s year of admission. This
fact is very important, as over this 10-year pe-
rtod changes have occurred not only in the
broader treatment world, but also in [srael and
in our clinic. With respect to MMT, there was
an increase in the acceptable methadone dose
level from 80 to 120 mg recommended from
1964 (published in 1966)! to 150 mg in
1996.17-18 Also, since the clinic opened in June,
1993, there has been an increase in cocaing
abuse in Israel.' The census of our MMT clinic
almost doubled in numbers of patients between
the end of 1997 (n = 150) and the end of 2002
(n=290). Also, in the later period (late 2000 to
2002), agreater number of the patients came di-
rectly from the hospital, following a very fruit-
{ul collaboration with the Tel-Aviv Medical
Center, as compared to those who came mainly
from the street.

The reduction in cocaine use in patients in
MMT observed in this stady supported the idea
that MMT may have had an effect on cocaine
use on a biological level.

It has been shown that cocatne significantly
disrupts the endogenous opioid system, includ-
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ing mu and kappa opioid receptor density.'+20-22
In an animal model of “binge”-pattern cocaine
administration, mu opioid receptor density was
significantly increased after 14 days of binge-
pattern cocaine administration, specifically in
those brain regions that contain abundant ter-
minals of the mesolimbic-mesocortical dopa-
mHnergic systent, including the nucleus accum-
bens, amygdala, and anterior cingulate, and also
the nigrostriatal system, including the caudate
putamen.20-22 Prodynorphin and kappa opioid
receptors have also been shown to be activated
inresponse tochronic and binge administration
of cocaine in animal models?!-24 and dynoephin
peptides acting at the kappa opiate receptor
have been shown to counter-modulate the
effect of cocaine by lowering dopaminergic
tone, 1425

Research in humans, using positron emis-
sion tomography (PET)inabstinentchronicco-
caine addicts, as compared to nonaddicted con-
trols, revealed significantly higher levels of
binding to mu receptors in brain regions similar
tothose found in animal studies. The severity of
self-reported craving correlated positively with
the level of mu receptor binding.26

Opioidreceptor antagonists have been found
to attenuate the rewarding effect of cocaine in
several different animal models.2"*# 1t has also
recently been shown that the rewarding effect
of cocaine, as measured by conditioned place
preference, is reduced in mu opioid receptor
knockout mice.??

Our cocaine use reduction finding alone
does not clarify whether the effect 1s directly
due to the methadone, to a behavioral or medi-
cal intervention, or a combination of these
factors.

Several studies have reported a decrease in
cocaine use among MMT patients. Ball and
Rosst reported that in patients who had been in
treatment for more than 4.5 years, the use of co-
caine was only 16%, as compared to 47% use
among patients who were treated for less than 6
months. However, they did not have initial co-
caine use data and the availability of cocaine
varied greatly with time of admission. Initial
cocaine use was reported by Borg et al.,” who
analyzed all patients in one MMT by dividing
study subjects into three groups: patients in
treatment (&) less than six months, (b) 6-33
months, and (¢) 54 or more months, and com-

pared the cocaine use in the last month of
treatment to initial use, They found a decrease
incocaine use in all three groups (netreduction
of 539%). Maguraetal.® analyzed heroinand co-
caine urines in a sample of 1038 patients who
were admitted between 1989 and 1990 to 15
MMT clinics in New York City, and found that
about 50% of patients decreased or stopped co-
caine use. Some studies whichcomparedtheef-
fectiveness of diverse psychosocial treatments
in the MMT patients reported decreases in co-
calne use, but attributed the reduction (o the
psychosocial treatments only.8-9

As was reported, heroin-addicted patients
who are (reated with the opiate-agonist metha-
done demonstrate less benefitand less improve-
ment if the methadone is not accompanied by
psychosocial interventions.* Undoubtedly, co-
caine-abusing patients, for whom the metha-
done may have only a partial contribution, should
benefit and improve in treatment through di-
verse psychosocial treatment. Thus, the above
finding is not in confrast to the possible direct
coniribution of the methadone.

Incontrast, one study did notfind cocaine re-
duction after [7 weeks in MMT, but found re-
duction among patients who received additional
specific psychosocial approach.?® However,
the results of this study are limited, as they were
based on patients’ self-reports and not on urine
toxicology tests. None of the studies above has
shown any relation between methadone dose
and cocaine use. Thus, looking at the study by
Maguraetal.® it should be noted that the metha-
done dose was quite fow {mean methadone
dose for 80% of the patients was less than 58
mg/day, and only 20% had an 84 mg/day mean
methadone dose). Also, the above study ig-
nored time in treatment, which could explain
some of the results.

In the current stady, the additional finding
that the methadone dose was highest in those
who succeeded in eliminating cocaine use as
well as opiate use indicates a possible role for
the methadone itself in cocaine use reduction.
These results were still significant after adjust-
ment for other variables found to be associated
with methadone dose, such as positive urine
benzodiazepine toxicology reports on admis-
sion3! {as significantly higher methadone doses
were found in patients with positive benzodiaz-
epine reports on admission compared to those
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with negative urine toxicology for benzodiaz-
epine) and, as was mentioned, year of admis-
ston since there were increases in the mean
doses of methadone given each year.

The fact that the one-year retention rate of
patients whoused cocaine onadmission (81.8%)
was not significantly different from the reten-
tion rate of patients that did not use cocaine on
admission (73.09%) also suggests that metha-
done (reatment contributes to the cessation of
cocaine use as well, However, the direct contri-
bution cannot be evaluated, as no data is avail-
able on patients with only cocaine addiction
(and not heroin addiction) receiving metha-
done.

Results showed that testing positive for co-
caine use on admission does not relate to (or
predict) retention in treatment after 2 years,
However, of those patients who stayed one
year, 70.2% of patients who “never” used co-
caine (none on admission, or after one year in
MMT) stayed 2 years in treatment compared
with only around half (50%, 48%, 52%), re-
spectively, in the 3 cocaine groups (continued,
stopped, or started use cocaine after one year
respectively).

We emphasize that the current study was not
a randomized trial, and the methadone dose of
each patient was determined by his orher physi-
cian.

The possibility that staff attitudes may influ-
ence dose changes cannot be excluded. Thus it
could be that the physician’s awareness of the
patient’s cocaine use may underlic hisorherde-
cisionto increase the dose rather than reports of
physiclogical needs or discomfort. Onthe other
hand, the clinic staff’s understanding was that
methadone treats narcotic addiction and not co-
caine dependence. The clinic staff determined
the adequate methadone dose based on clinical
observation, urine resuits, and patient reports,
rather than with any objective measure or
marker.

Chaisson et al.?2 reported that 24% of pa-
tients starl cocaine use while in methadone
maintenance treatment {a higher proportion
than our ¢linic showed), while Borgetal.,”ina
finding that was similar to ours, found that 10%
started to use it. However, this proportion is
guite low as compared to other clinics in the
USA. The proportion of patients abusing co-
caine in methadone programs in the Bronx,

New York City, before 1978 was 18%, whilein
1982 it had increased dramatically to 59%, re-
flecting the crack epidemic in the USA .33 Thus
proportional differences in cocaine use be-
tween clinics or time periods can be biased due
to changing drug use patterns as well as differ-
ences in the urine detection method used and
the frequency with which the samples were
taken.

In respect to the biological finding of co-
caine’s effect on the endogenous opioid system,
our results are very striking. However, further
investigation on a larger number of patients,
with evaluations of methadone plasma levels,
should be done with adjustments for other pos-
sible confounders.

In summary, the current study reinforces the
previously-found decrease of cocaine use in
long-term MMT patients. It also adds addi-
tional suppert to the importance of the metha-
done dose in mediating that effect.
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