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A CONTROLLED TRIAL OF IVERMECTIN AND DIETHYLCARBAMAZINE IN LYMPHATIC
FILARIASIS
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Abstract Ivermectin is a new antifilarial drug that can be
given in a single oral dose. To compare the efficacy and
side effects of ivermectin with those of diethylcarbama-
zine, the standard antifilarial treatment, we conducted a
randomized, double-blind trial in 40 South Indian men with
lymphatic filariasis caused by Wuchereria bancrofti. Pa-
tients were randomly assigned to one of three treatments:
a single low dose of ivermectin (mean [+SE], 21.3+0.7 ug
per kilogram of body weight; n = 13) followed by placebo
for 12 days; a single high dose of ivermectin (mean,
126.2+3.7 ug per kilogram; n = 13) followed by placebo
for 12 days; or diethylcarbamazine for 13 days (6 mg per
kilogram per day for 12 days preceded by 3 mg per kilo-
gram for 1 day; n = 14). Eleven patients were initially as-
signed to receive placebo and after five days were reas-
signed to one of the three treatment groups.

VERMECTIN is a semisynthetic macrolide anti-
biotic whose recent availability has entirely trans-
formed strategies for the treatment and control of
the filarial disease onchocerciasis, a major cause
of blindness. Ivermectin destroys onchocerca micro-
filariae without triggering the violent side effects
regularly induced by the older antifilarial drug di-
ethylcarbamazine. Even a single oral dose of iver-
mectin is effective for at least 6 to 12 months.'* Lym-
phatic filarial infections are by far the most prevalent:
90 million persons are infected worldwide with ei-
ther Wuchereria bancrofti or Brugia malayi.” Diethylcar-
bamazine, administered daily for one to two weeks, is
the most widely used treatment, but it has proved
difficult or impossible to use effectively in large, che-
motherapy-based control programs.’ Thus, the possi-
bility that ivermectin may have the same impact on
the treatment and control of these infections that it
has had on onchocerciasis merits urgent study and
evaluation.

Early reports of open trials of ivermectin in patients
infected with W. bancrofti have been encouraging: com-
plete microfilaricidal activity has been seen after sin-
gle oral doses that are comparable t0%’ or even much
lower than® those used to treat onchocerciasis. The
eradication of microfilariae was not permanent, how-
ever, since within six months after treatment, low-
level microfilaremia recurred.®® Furthermore, except
for those taking the lowest dose of ivermectin (25 ug
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At day 12 there was complete clearance of microfilariae
from the blood in all 26 men who took ivermectin and in 11
of the 14 men who took diethylcarbamazine. At six months
the numbers of detectable microfilariae (as a percentage
of the pretreatment values) were 18.3 percent after low-
dose ivermectin and 19.5 percent after high-dose ivermec-
tin, as compared with 6.0 percent after diethylcarbama-
zine (P<0.05). The side effects were confined to the first
five days and were similar in the three treatment groups.

We conclude that in lymphatic filariasis, the clinical re-
sponse to a single dose of ivermectin compares favorably
with that after the standard 12-day course of diethylcar-
bamazine. Given the practical advantages of single-dose
administration, ivermectin should become a useful medi-
cation for the control of bancroftian filariasis. (N Engl J
Med 1990; 322:1113-7.)

per kilogram of body weight), most patients had side
effects, such as fever, headache, lightheadedness, and
myalgia, in proportion to the microfilarial loads pres-
ent before treatment. Patients taking the lowest dose
of ivermectin, however, had significantly fewer ad-
verse reactions than those taking higher doses (50,
100, or 200 ug per kilogram), and the side effects in
these patients were unrelated to the numbers of micro-
filariae present before treatment.?

Although diethylcarbamazine has been used to
treat lymphatic filariasis for more than 40 years, no
adequately detailed studies have been carried out to
determine the rates of adverse reactions and the long-
term efficacy of diethylcarbamazine in decreasing mi-
crofilaremia®; thus, a comparison of ivermectin and
diethylcarbamazine treatment cannot readily be made
from the information available. Furthermore, since
the administration of a single oral dose of ivermectin
has an enormous potential practical advantage over
the currently recommended 12-day course of diethyl-
carbamazine,” we performed a double-blind, placebo-
controlled trial to compare both the efficacy and side
effects of a standard 12-day course of diethylcarbam-
azine (6 mg per kilogram per day) and a single oral
dose of ivermectin, either 120 ug per kilogram (simi-
lar to the dose used for onchocerciasis) or 20 ug per
kilogram. The lower dose has been associated with
fewer side effects than the higher dose but is equally
efficacious.?

MEeTHODS
Patient Population

Forty men from South India (19 to 45 years of age; median, 27.5)
with asymptomatic W. bancrofti infection manifested solely as micro-
filaremia (range, 25 to 6000 microfilariae per milliliter; median,
901) were studied. The microfilaremia had been identified during a
screening program conducted by the Public Health Department of
Tamil Nadu State, India. Except for their filarial infections, the men
were generally healthy. Each patient consented to participate in the
ivermectin trial after the study protocol had been explained. The
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protocol was approved by the ethics committees of the Indian
Council of Medical Research, the National Institutes of Health,
Merck Sharp & Dohme Research Laboratories, and the drug con-
troller of India.

Clinical Evaluation

The patients were hospitalized in the Clinical Pharmacology Unit
of the Government General Hospital in Madras for three days be-
fore receiving the study drug or placebo and for at least two weeks
thereafter. Pretreatment evaluation included a detailed clinical his-
tory, physical examination, a complete blood count (hematocrit and
total and differential white-cell counts), serum-chemistry studies
(bilirubin, aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, and creatinine levels), urinalysis, chest roent-
genography, and electrocardiography. After treatment, vital signs
and 22 clinical variables were monitored with the use of a detailed
checklist® every four hours for two days and daily thereafter. The
severity of each clinical finding was graded on a scale of 0 to 3
(none, mild, moderate, or severe). Follow-up examinations carried
out in the outpatient clinic one, three, and six months after treat-
ment included a clinical history, physical examination, a complete
blood count, and serum-chemistry studies.

Study Design

After their pretreatment evaluation the study patients were ran-
domly assigned to one of four treatment groups by a trial monitor
who was not actively participating in the study. The study was
double-blind: neither the patient nor the evaluating physician was
aware of the medication being given.

On the first day patients received one of the following, given in
two identical-appearing capsules: 1 mg of ivermectin (mean [£SE]
dose, 21.3%0.7 ug per kilogram), 6 mg of ivermectin (mean dose,
126.2+3.7 ug per kilogram), 150 mg of diethylcarbamazine (ap-
proximately 3 mg per kilogram, which is half the normal daily
dose), or placebo. For the next 12 days patients in the diethylcar-
bamazine group were given 300 mg of diethylcarbamazine each
morning; those in the two ivermectin groups received similar-
appearing placebo capsules. Since the placebo group was included
to control only for side effects (not for drug efficacy) and since
essentially all side effects occur during the first five days,® these
patients received placebo capsules for five days and then were
randomly reassigned to one of the three active-drug groups accord-
ing to a protocol maintained by the trial monitor. Thus, although
the participating physicians and the crossover patients knew that
they were not being given a placebo during their second round of
treatment, they did not know which of the active drugs they were
taking. Although such knowledge could exaggerate the reported
side effects, a quantitative comparison (see below) indicated no
significant differences in adverse reactions between those receiving
active drug initially and those receiving it after five days of
placebo (P>0.05 for all three drug regimens). Furthermore, of the
11 patients initially in the placebo group, 3 were subsequently as-
signed to the diethylcarbamazine group and 4 to each of the iver-
mectin groups; thus, any potential bias of the study design was
spread evenly among the three drug regimens. A total of 13 patients

Table 1. Levels of Microfilariae in the Blood before Treatment,
According to Study Group.

Stupy Grour MICROFILARIAL DENSITY*

GEOMETRIC MEAN MEDIAN RANGE

no./mi of blood

Ivermectin, 1 mg (n = 13) 722 1000 22-1775
Ivermectin, 6 mg (n = 13) 481 970 25-1750
Diethylcarbamazine (n = 14) 651 813 83-6000
Placebo (n = 1)t 571 813 83-1550

*The value for each patient was the mean of the three pretreatment measurements.

1The patients in this group were reassigned to one of the three active-drug groups after five
days; see Methods for study design.

April 19, 1990

were enrolled in each of the two ivermectin treatment groups, and
14 were enrolled in the diethylcarbamazine group.

Assessment of Microfilaremia

The levels of microfilariae in the blood were assessed three times
before treatment and 12 hours, 36 hours, 5 days, 12 days, | month,
3 months, and 6 months after treatment. Because of the nocturnal
periodicity of the parasites, 1 ml of heparin-treated blood was col-
lected between 9:30 p.m. and 10 p.m. and filtered through a poly-
carbonate membrane with a pore size of 3 um (Nuclepore, Pleasan-
ton, Calif.). The membrane was then placed on a microscope slide,
stained wth Giemsa stain, and examined for trapped microfilariae.
The results were expressed as the number of microfilariae per milli-
liter of blood or as a percentage of the mean number before treat-
ment for each patient.

Assessment of Side Effects

For each patient a total adverse-reaction score was generated as
described previously® by summing the recorded scores for 22 clinical
variables: fever, rigor, diaphoresis, headache, lethargy, weakness,
lightheadedness, myalgia, arthralgia, rash, anorexia, nausea, vomit-
ing, abdominal pain, diarrhea, pharyngitis, cough, chest pain, rales,
wheeze, adenopathy, and scrotal tenderness. These signs and symp-
toms were monitored at all observation points during the first five
days after treatment was begun and encompassed essentially all side
cffects associated with treatment except for postural hypotension,
which was recorded separately. All these scores had returned to 0 by
the fifth day of treatment.® The adverse-reaction scores were used to
compare the side effects of the various drug and placebo regimens
and to assess the relations between side effects and microfilaremia
levels.

Statistical Analysis

Student’s t-test or linear regression analysis was used to evaluate
the findings. For comparisons involving either microfilarial counts
or total adverse-reaction scores, the values were logarithmically
transformed before analysis. All P values of less than 0.05 were
considered to indicate statistical significance.

REsuLTS
Efficacy

Before treatment the levels of microfilariae in the
blood were comparable in all four study groups (Ta-
ble 1). A single oral dose of either 1 mg (mean [*SE]
dose, 21.3+0.7 ug per kilogram) or 6 mg (mean dose,
126.2+3.7 ug per kilogram) of ivermectin effected
nearly complete clearance of the microfilariae in all
patients in 36 hours, and total clearance in 5 or 12
days (Fig. 1). Although rapid in both groups, the rate
of clearance was significantly greater in patients re-
ceiving the higher, 6-mg, dose of ivermectin than in
those receiving the 1-mg dose, as seen by the difference
in the microfilarial counts at the 12-hour assessment
point (P<<0.05).

In the group receiving diethylcarbamazine, daily
administration of the drug also led to almost complete
clearance of microfilariae from the blood in five days
(Fig. 1), but the rate of clearance was significantly
lower than that in either of the groups receiving iver-
mectin, as judged by the microfilarial counts in the
three groups at 36 hours (P<<0.05 for the comparisons
between the diethylcarbamazine group and both iver-
mectin groups). Continued administration of diethyl-
carbamazine for the full 13-day course resulted in the
eventual clearance of microfilariae in all but 3 of 14
patients, and even in these patients the numbers of
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Figure 1. Clearance and Recurrence of Microfilariae in the Blood
after either a 13-Day Course of Diethylcarbamazine (150 mg on
Day 1 Followed by 300 mg for 12 Days; Solid Bars) or a Single
Oral Dose of 1 mg (Mean [+SE] Dose, 21.3+0.7 ug per Kilogram;
Lightly Hatched Bars) or 6 mg (Mean Dose, 126.2+3.7 ug per
Kilogram; Darkly Hatched Bars) of lvermectin.

The geometric means (and standard errors) of the numbers of

microfilariae in the biood, expressed as a percentage of the num-

ber present before treatment, are shown for each study group

before treatment and at seven points after treatment (0.5, 1.5, 5,
and 12 days and 1, 3, and 6 months).

microfilariae in the blood decreased to 0.1 to 0.3 per-
cent of pretreatment values.

Within one month after treatment, microfilaremia
began to recur at similar, very low levels in all three
groups of patients. Three months after treatment,
however, the levels of microfilariae in the blood were
11.2 percent and 6.5 percent (geometric means) of the
pretreatment levels in patients treated with the 1-mg
and 6-mg doses of ivermectin, respectively (P not sig-
nificant), and at six months these levels had increased
to 18.3 percent and 19.5 percent, respectively. For the
patients treated with diethylcarbamazine, the corre-
sponding levels of microfilariae in the blood at three
and six months averaged 2.2 percent and 6.0 percent
of the pretreatment levels (Fig. 1); these values were
significantly lower (P<<0.05) than those for both iver-
mectin-treated groups at six months and for the pa-
tients treated with 1 mg at the three-month evaluation
point.

Side Effects Associated with Ivermectin and
Diethylcarbamazine

Although side effects were reported in all three
treatment groups (as well as by the patients taking
only placebo), the mean adverse-reaction scores of the
diethylcarbamazine group (geometric mean, 43.5),
the patients taking 1 mg of ivermectin (geometric
mean, 52.6), and those taking 6 mg of ivermectin (geo-
metric mean, 61.5) were significantly higher than
those of the patients taking placebo alone (geometric
mean, 15.7; P<<0.02 for all comparisons).

There were, however, no significant differences in
the quantitative adverse-reaction scores among the
three treatment groups, although there was a trend
toward higher scores in the patients receiving high-
dose ivermectin (6 mg). Qualitatively, the side effects
were similar in the three groups: fever, headache, leth-
argy, and myalgia were the most common, beginning
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12 to 24 hours after the medication was first given and
subsiding in essentially all patients within 24 to 48
hours. Mild postural hypotension (i.e., a decrease in
the mean arterial blood pressure in the standing posi-
tion, accompanied by tachycardia®) occurred in one
patient in each of the three groups 24 to 36 hours after
treatment. All three had normal blood pressures at
rest and were asymptomatic unless required to stand;
their blood pressures returned to normal within 24
hours without specific treatment other than bed rest.

As in the previously reported open trial,® the ad-
verse-reaction scores of patients after treatment with
the higher dose of ivermectin correlated significantly
(P<0.01) with their pretreatment microfilaremia lev-
els. Similarly, with respect to fever, the most objective-
ly quantifiable adverse reaction, there were significant
correlations with the numbers of microfilariae in the
blood before treatment both for those taking iver-
mectin and for those receiving diethylcarbamazine
(Fig. 2).

DiscussioNn

Earlier open trials indicated that a single oral dose
of ivermectin was a good but not perfect treatment for
bancroftian filariasis.®® It caused rapid clearance of
microfilariae from the blood, but some microfilaremia
recurred three to six months after treatment, and tran-
sient side effects developed after drug administration.
On the other hand, recurrence of microfilaremia is
common after a 12-day course of diethylcarbamazine,
the standard drug for the treatment of lymphatic fila-
riasis. Furthermore, the acute side effects produced by
diethylcarbamazine decrease the rate of compliance
with the recommended 12-day course of treatment
and have been responsible for the frequent failure of
chemotherapy-based control programs.

To compare the relative merits of these two drugs in
the treatment of bancroftian filariasis, we conducted a
double-blind, placebo-controlled trial in which the op-
timal diethylcarbamazine regimen (6 mg per kilogram
per day for 12 days,’ preceded by 3 mg per kilogram
for 1 day to minimize side effects) was tested against
single oral doses of ivermectin, either 1 mg (mean
[*+SE] dose, 21.3+0.7 ug per kilogram) or 6 mg
(mean dose, 126.2+3.7 ug per kilogram). Follow-up
lasted six months, a period in which any new infec-
tions should not be responsible for additional microfi-
lariae in the blood.

The results of this comparison were clear. Ivermec-
tin cleared the microfilariae from the blood more
rapidly than did diethylcarbamazine. It was essen-
tially equivalent to diethylcarbamazine in its ability
to maintain this effect for up to three months af-
ter treatment, but by six months it did not sustain
this decrease as well as diethylcarbamazine. Further-
more, the 1-mg dose proved to be as effective as the
6-mg dose.

The two drugs produced essentially identical side
effects, both qualitatively and quantitatively. As de-
scribed previously for diethylcarbamazine®'* and for
the higher dose of ivermectin,® the occurrence and
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Figure 2. Fever Scores after Treatment as a Function of the Numbers of Microfilariae in
the Blood before Treatment with Ivermectin (Left-Hand Panel) or Diethylcarbamazine

(Right-Hand Panel).

The relation was statistically significant for the patients taking diethylcarbamazine
(squares; P<0.01) and for those taking the 6-mg dose of ivermectin (solid circles;
P<0.05). A similar trend was seen for the patients treated with the lower dose of
ivermectin (1 mg; open circles). The fever score is expressed in arbitrary units as

defined previously.?

severity of these side effects generally correlated with
the numbers of microfilariae in the blood before treat-
ment. This observation implies that drug toxicity
was not the direct cause of the side effects, but rather
that the host inflammatory response to dying micro-
filariae was the chief determinant (by whatever mech-
anisms™!'*16),

Given the effectiveness of ivermectin as a microfi-
laricide (in this study and in the earlier trials®?), the
general similarity of the clinical responses to ivermec-
tin and diethylcarbamazine in the present study, the
tremendous potential advantage of ivermectin’s sin-
gle-oral-dose mode of administration for use in large-
scale control programs, and the extensive safety expe-
rience with this drug (more than 300,000 people
treated thus far in the onchocerciasis-control pro-
grams in Africa and Latin America'’), ivermectin now
appears to be ready for broader field testing to de-
termine its acceptability in populations affected by
W. bancrofti and to resolve such practical issues as the
optimal dosing interval for maximal therapeutic effect.
Indeed, only the question of whether W. bancrofti mi-
crofilariae in different parts of the world are equally
susceptible to ivermectin must be resolved before such
trials are undertaken.

A previous trial in Tahiti’ (and less complete obser-
vations in Senegal®) indicated that a dose of =100 ug
of ivermectin per kilogram was more effective than
one of 50 ug per kilogram in decreasing the levels of
microfilaremia and was not accompanied by more fre-
quent side effects. Our own studies in South India,
however, have indicated equally clearly that doses of
20 to 25 ug of ivermectin per kilogram were just as
effective as those up to 200 ug per kilogram in reduc-
ing the degree of microfilaremia and, importantly,
were associated with either significantly fewer side ef-
fects® or a tendency toward fewer side effects (in the
present study) than occurred with higher doses. The
reasons for these observed differences in the efficacy
and side effects of ivermectin, in the various areas in
which W. bancrofii is endemic, are currently being ex-
plored in a series of dose-defining trials (coordinated
by the Tropical Disease Research Programme of the

must learn whether ivermectin is ef-
fective against the adult (as well as
the microfilarial) stage of the para-
site because such knowledge will
have a major influence on how the
drug is used. In onchocerciasis, for
example, since ivermectin has no
activity against the adult stage of
the parasite, it must be given re-
peatedly every 6 to 12 months. The
primary goal of such treatment is to decrease the lev-
els of microfilariae and, thereby, to interrupt trans-
mission and diminish microfilaria-related pathology.
If a similar strategy is adopted for bancroftian filaria-
sis, current findings®® suggest that single doses of iver-
mectin may have to be repeated every three to six
months to achieve similar reductions in the numbers
of microfilariae. In addition, ivermectin may be effec-
tive in killing the L3 and L4 larval stages of the lym-
phatic filarial parasites (as it is in the dog heartworm,
Dirofilaria immitis, but not in onchocerca species'®) and
thus may have potential as a prophylactic agent
against lymphatic filarial infection.

Although it will take time to resolve these questions,
the results of our present study, a direct comparison of
ivermectin and diethylcarbamazine in lymphatic fila-
riasis, offer important encouragement by showing that
a single low dose of ivermectin administered orally
compares well with the standard 12-day course of
diethylcarbamazine. It is appropriate, therefore, to
hasten the initiation of the new trials necessary to
address the remaining unanswered questions in or-
der to determine with certainty whether ivermectin
will have the same dramatic effect in controlling
lymphatic filariasis worldwide that it has had in
the control of onchocerciasis in Africa and Latin
America.

We are indebted to Mr. D. Neu and the late Dr. M.A. Aziz of
Merck Sharp & Dohme Research Laboratories for their assistance
with the trial design and for supplying the medication and placebos
used in this study, and to Dr. Brian White-Guay of Merck Sharp &
Dohme Research Laboratories for performing a critical review of
the study results and manuscript.
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LASTING REMISSIONS IN HAIRY-CELL LEUKEMIA INDUCED BY A SINGLE INFUSION OF
2-CHLORODEOXYADENOSINE

Lawrence D. Piro, M.D., CarLos J. CARRERA, M.D., DENNIS A. CarsoN, M.D.,
AND ERNEST BEUTLER, M.D.

Abstract 2-Chlorodeoxyadenosine is a simple purine
nucleoside that has previously been shown to be effective
in the treatment of low-grade malignant disorders of
lymphoid tissue, including chronic lymphocytic leukemia
and non-Hodgkin’s lymphoma. Because of these encour-
aging results, we treated 12 patients with another low-
grade B-cell neoplasm, hairy-cell leukemia. The patients
received 2-chlorodeoxyadenosine (0.1 mg per kilogram of
body weight per day) by continuous infusion for seven
days.

All the patients responded to treatment. Eieven had
complete remissions characterized by the normalization of
peripheral blood and bone marrow and disappearance of

IRST described by Bouroncle et al. in 1958 as

leukemic reticuloendotheliosis,' hairy-cell leuke-
mia is now recognized to be a low-grade B-cell neo-
plasm.? If untreated, this disorder follows a chronic,
inexorable course, usually characterized by progres-
sive pancytopenia.

Because of our success in the treatment of another
B-cell neoplasm, chronic lymphocytic leukemia, with
the deoxyadenosine analogue 2-chlorodeoxyadeno-
sine,® we have now undertaken a trial of this agent in
hairy-cell leukemia. An adenosine deaminase-resis-
tant purine analogue, 2-chlorodeoxyadenosine selec-
tively accumulates as the 5'-triphosphate derivative in
cells rich in deoxycytidine kinase. The cytotoxic activ-
ity of 2-chlorodeoxyadenosine is independent of cell
division.* Presumably because of its high cellular
specificity, 2-chlorodeoxyadenosine has previously
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tumor masses. The longest remission has been 3.8 years.
None of the patients have relapsed, and the median dura-
tion of remission has been 15.5 months. No serious toxic
reactions occurred as a result of 2-chlorodeoxyadenosine
therapy.

These results suggest that 2-chlorodeoxyadenosine
may be the most effective therapy available for hairy-cell
leukemia. The administration of 2-chlorodeoxyadenosine
resulted in a higher rate of complete remission than is
observed with interferon alfa, and it required no mainte-
nance therapy. Its toxicity may be lower than that of deoxy-
coformycin, and the responses were achieved with single
courses of treatment. (N Engl J Med 1990; 322:1117-21.)

been found to be remarkably devoid of the toxic side
effects usually associated with chemotherapeutic
agents against cancer. Unlike deoxycoformycin, which
has also been studied recently in the treatment of
hairy-cell leukemia, 2-chlorodeoxyadenosine is not an
adenosine deaminase inhibitor. Since both drugs in-
crease the levels of deoxynucleotides, there are some
similarities in their spectrums of activity.

We report the results of 2-chlorodeoxyadenosine
therapy in 12 patients with this relatively rare dis-
order. Our findings demonstrate that long-lasting re-
missions are induced with a single course of treatment
without any serious side effects.

MEeTHODS
Eligibllity

To be eligible, patients required an unequivocal diagnosis
of hairy-cell leukemia based on marrow-aspiration and biopsy
results. Evidence of active disease, such as neutropenia, thrombo-
cytopenia, anemia, symptomatic adenopathy, or repeated infec-
tions, was a prerequisite for entry into the study, but previous
treatment was not. There were no age restrictions. Patients were
excluded if they had active systemic infection or abnormal renal
or hepatic function at the time of treatment, or if they had received
any treatment, including glucocorticoids, within three months be-
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