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TREATMENT OF CRYPTOCOCCAL MENINGITIS WITH COMBINATION AMPHOTERICIN B
AND FLUCYTOSINE FOR FOUR AS COMPARED WITH SIX WEEKS

WiLriam E. Dismukes, M.D., GRETcHEN CLoup, M.S., HArRrY A. GaLLis, M.D.,
Taomas M. KerkeriNg, M.D., GERaLD MEDOFF, M.D., Puirip C. Craven, M.D.,

Lisa G. Kaprrowrrz, M.D., Joun F. Fisuer, M.D., CLark R. GreGG, M.D., CynTHiA A. BowLEs, R.N.,
SmitH SHADOMY, PH.D., ALan M. Stamm, M.D., RoBerT B. Diasio, M.D., Leo Kaurman, Pu.D.,
SENG-Jaw Soong, PH.D., WiLLiam C. BLACKWELDER, PH.D., AND THE NATIONAL INSTITUTE OF
ALLERGY AND INFECTIOUS DisEAsEs Mycoses STupy GrRoup*

Abstract One hundred ninety-four patients with crypto-
coccal meningitis were enrolled in a multicenter, prospec-
tive, randomized clinical trial to compare the efficacy and
toxicity of four as compared with six weeks of combination
amphotericin B and flucytosine therapy. Among 91 pa-
tients who met preestablished criteria for randomization,
cure or improvement was noted in 75 percent of those
treated for four weeks and in 85 percent of those treated
for six weeks. The estimated relapse rate for the four-
week regimen was higher — 27 as compared with 16 per-
cent — whereas the incidence of toxic effects for the
two regimens was similar — 44 as compared with 43
percent. Among 23 transplant recipients, 4 of 5 treated for
four weeks relapsed, leading to the decision to treat
the rest of the group for six weeks. Only 3 of the 18
treated for six weeks relapsed. In a third group of 80
patients, the protocol was not followed during the ini-
tial four weeks, and these patients were not randomized.

RYPTOCOCCAL meningitis is the most com-
mon form of fungal meningitis in the United
States and is an especially important cause of morbid-
ity and mortality among immunocompromised pa-
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Thirty-eight died or relapsed. Multifactorial analysis of pre-
treatment factors for all 194 patients identified three sig-
nificant predictors (P<0.05) of a favorable response:
headache as a symptom, normal mental status, and a
cerebrospinal fluid white-cell count above 20 per cubic
millimeter.

These and other findings in this study are consistent
with the view that the four-week regimen should be re-
served for patients who have meningitis without neurolog-
ic complications, underlying disease, or immunosuppres-
sive therapy; a pretreatment cerebrospinal fluid white-cell
count above 20 per cubic millimeter and a serum crypto-
coccal antigen titer below 1:32; and at four weeks of ther-
apy, a negative cerebrospinal fluid India ink preparation
and serum and cerebrospinal fluid cryptococcal-antigen
titers below 1:8. Patients who do not meet these criteria
should receive at least six weeks of therapy. (N Engl J
Med 1987; 317:334-41.)

tients. Although various therapeutic regimens have
been used in this disease, none has been uniformly
effective or without serious toxicity."»? In 1979, Ben-
nett and his coinvestigators reported that a regimen
combining amphotericin B (0.3 mg per kilogram of
body weight per day) and flucytosine (150 mg per
kilogram per day) and lasting six weeks was as effec-
tive, according to all the criteria studied, as a low-dose
regimen of amphotericin B alone (0.4 mg per kilogram
per day) for 10 weeks.? Critics of this controversial
study have argued that the dose chosen for the ampho-
tericin B regimen was too low, thereby biasing the

*Other members of the National Institute of Allergy and Infectious Diseases
Mycoses Study Group are Steven G. Alsip, M.D., Michael S. Saag, M.D.,
George H. Karam, M.D., Carol A. Kauffman, M.D., George A. Sarosi, M.D.,
Robert L. Marier, M.D., W. Michael Scheld, M.D., John E. Bennett, M.D., H.
Preston Holley, Jr., M.D., John R. Black, M.D., David A. Stevens, M.D.,
Branch Fields, M.D., Gary A. Roselle, M.D., John R. Perfect, M.D., Dale N.
Gerding, M.D., and Richard E. Horton, M.D.
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results in favor of the combination regimen. Cerebro-
spinal fluid cultures converted from positive to nega-
tive more rapidly in patients receiving the combina-
tion regimen — usually within 7 to 10 days of the start
of treatment. Bennett et al. concluded that combined
therapy for six weeks was the “regimen of choice” for
cryptococcal meningitis but recognized that the regi-
men with the greatest efficacy, least toxicity, and
lowest cost had yet to be determined. We hypothesized
that the duration of combination therapy might be
shortened further, from six to four weeks, thus reduc-
ing toxicity without at the same time compromising
efficacy. The results of a prospective, randomized,
multicenter clinical trial to address these issues are
reported here.

MEeTHODS
Criteria for Enroliment

Written informed consent was obtained, and patients were en-
rolled if ecither of the following criteria was met: (1) a positive
cerebrospinal fluid India ink preparation or tentative identification
of Cryptococcus negformans in culture, or (2) cerebrospinal fluid find-
ings compatible with cryptococcal meningitis plus one of the follow-
ing: a positive culture or histopathologic study from an extraneural
site, a positive latex agglutination test for cryptococcal antigen in
serum or cerebrospinal fluid, or histopathologic evidence of central
nervous system cryptococcosis. Patients who had relapsed after pri-
or unsuccessful therapy were enrolled if they had received no chem-
otherapy for at least one month and a positive culture was obtained
after the last dose of chemotherapy. Patients were excluded if they
had a known allergy to either drug, a white-cell count under 1500
per cubic millimeter, or a platelet count under 30,000 per cubic
millimeter, or if they were pregnant.

Initial Treatment Regimen

During the first four weeks, all the patients were treated with the
same regimen. Each patient received intravenous amphotericin B
(0.3 mg per kilogram per day) for 28 days and oral flucytosine
(150 mg per kilogram per day, divided into equal doses every six
hours) for 28 days. The dosage of flucytosine was reduced in pa-
tients with azotemia in accordance with a standard nomogram.*
Patients undergoing hemodialysis received flucytosine (37.5 mg per
kilogram) orally after each dialysis.

Criteria for Randomization

At the end of four weeks, patients were randomized if they
(1) had adhered to the protocol during the first four weeks of ther-
apy — i.e., for no fewer than 24 or more than a total of 32 days of
drug, or more than 7 days of low-dose drug, or more than 7 days of
high-dose drug; (2) had two negative cultures of both blood and
cerebrospinal fluid obtained on treatment days 14 and 21; and (3)
were in a neurologic state of alert wakefulness.

Random Assignment to the Two Treatment Regimens

Patients were randomly assigned to either a four-week regimen
calling for no additional treatment or a six-week regimen that in-
cluded two additional weeks of combination therapy (at the same
dosages used during the first four weeks) for a total duration of six
weeks. Random assignment was conducted with use of the closed-
envelope technique. Patients were randomly assigned separately to
the treatment regimens according to predetermined risk factors.
High-risk patients initially included all recipients of organ trans-
plants, all patients with non-Hodgkin’s lymphoma, and all patients
whose initial pretreatment blood cultures were positive for C. negfor-
mans.> After the first year of the study, recipients of organ trans-
plants were no longer eligible for randomization because of the high
relapse rate among those initially assigned to the four-week regi-
men. From years 2 through 5, all patients with transplants were
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assigned to six weeks of protocol therapy. Low-risk patients includ-
ed those with none of the risk factors mentioned above.

Studies to Monitor Toxicity and Efficacy

Before treatment, the following studies were performed: complete
and differential blood counts; a blood-chemistry panel, includ-
ing tests of liver function; a test for serum cryptococcal antigen;
cultures of blood and urine for fungi; a lumbar puncture to obtain
cerebrospinal fluid for an India ink preparation and a fungal cul-
ture, and to determine the opening pressure, the cell count, levels of
glucose and protein, and the cryptococcal-antigen titer; and chest
roentgenography. All pretreatment studies were repeated weekly
during therapy and one week and 1, 3, 6, and 12 months after
therapy. A repeated chest roentgenogram was obtained only if the
first was abnormal.

Special Laboratory Studies

The minimal inhibitory concentration and minimal fungicidal
concentration of flucytosine were determined for each C. negformans
isolate.® Serum levels of flucytosine and fluorouracil were measured
in timed serum specimens by bioassay® and high-pressure liquid
chromatography.” Cryptococcal-antigen titers of serum and cere-
brospinal fluid aliquots stored and frozen at —70°C were deter-
mined by a single reference laboratory (Mycology Division, Fungus
Immunology Branch, Centers for Disease Control) using the latex
agglutination method® with a single set of standards. The results of
determinations of cryptococcal-antigen titers and flucytosine serum
levels by local hospitals or reference laboratories before and during
therapy for purposes of diagnosis and patient care were not includ-
ed in the data analysis.

Evaluation

Before, during, and after treatment, case-report forms were com-
pleted by the primary investigators and analyzed by the project
biostatisticians. A positive culture for C. negformans from cerebrospi-
nal fluid, brain, or meninges was the reason for retaining all but
14 patients in the study. These 14 patients were retained on the
basis of clinical symptoms and signs plus positive cultures of ex-
traneural tissues or fluids (7 patients) and serologic evidence (14
patients). All the patients in the study were evaluated for toxic
effects. Clinical responses were evaluated on the basis of symptoms,
signs, and the results of cultures performed before, during, and after
therapy. Clinical outcomes were defined as follows: cure, a negative
cerebrospinal fluid culture at one year; improved, the absence of
any evidence of cryptococcosis, but the occurrence of the last fol-
low-up or of death at less than one year; and relapse, the proved
recurrence of cryptococcosis after therapy was stopped. Even after a
patient relapsed, long-term follow-up was attempted. In addition,
deaths among nonrandomized patients were classified either as pre-
sumed or proved to be due to cryptococcosis alone (or plus another
cause) or as unrelated to cryptococcosis.

Study Design

Our purpose was to determine whether a four-week regimen of
combination therapy would be as effective or nearly as effective as a
six-week regimen. Although exact equality of treatments cannot be
proved with a statistical test,” we thought that the shorter period of
therapy, the lower total dose of amphotericin B, and the briefer
hospital stay afforded by the four-week regimen would offer distinct
advantages even if that regimen were only as effective, or nearly so,
as the six-week regimen. Hence, the study was designed to test the
null hypothesis that the probability of relapse within one year in
patients on the four-week regimen would exceed that in those on the
six-week regimen by at least 0.15. For a 10 percent Type I error
(one-sided, since the hypothesis to be tested was inherently one-
sided) and 70 percent probability (power) of rejecting the null hy-
pothesis, the required sample size was 92 patients without trans-
plants, divided equally between the two regimens, assuming that
the true relapse probability was 0.20 for each regimen. In fact, 91
patients were randomized. A 5 percent Type I error and 90 percent
power would have required 196 patients; randomizing that number
would have extended the study for at least five more years.
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Statistical Analysis

The 91 randomized patients without transplants were considered
in the primary analysis. The comparability of the two regimens was
determined by the chi-square test for categorical variables and by
Student’s t-test for continuous variables. Since follow-up was less
than one year for some patients, relapse probabilities and their
standard errors were estimated by survival-analysis techniques.'®
Predetermined risk groups and treatment regimens were compared
by means of the simple difference between estimated relapse prob-
abilities or by a weighted mean of differences within subgroups,
with inverses of estimated variances taken as weights.

The total group of 194 patients was included in a second analysis
to determine the pretreatment factors in patients with cryptococcal
meningitis that were associated with failure and relapse after proper
adjustment for the patients’ characteristics. The following variables
were coded as dichotomous: headache, fever, and other selected
clinical symptoms and signs; underlying disease, a hematopoietic
disorder, chronic alcoholism, sarcoidosis, and corticosteroid or oth-

Table 1. Number of Patients According to Participating

Institutions.
INSTITUTION No. OF PATIENTS
University of Alabama, Birmingham 41
Duke University 26
Medical College of Virginia/ 19
Virginia Commonwealth University
Washington University, St. Louis 16
University of Texas, San Antonio 15
University of North Carolina 13
Medical College of Georgia 12
Vanderbilt University 11
University of Michigan 9
University of Minnesota 7
Louisiana State University, New Orleans 7
University of Virginia 4
Laboratory of Clinical Investigation, 4

National Institute of Allergy
and Infectious Diseases

Medical University of South Carolina 4
Santa Clara Valley Medical Center/ 3
Stanford University
University of Arkansas 2
University of Cincinnati 1
Total 194

er immunosuppressive therapy; age <45 vs. >45 years; hematocrit
=30 vs. >30 percent; platelet count <100,000 vs. >100,000 per
cubic millimeter; cerebrospinal fluid white-cell count <20 vs. >20
per cubic millimeter; positive or negative fungal culture of blood,
cerebrospinal fluid, or other body fluid or site; and positive or nega-
tive India ink preparation of cerebrospinal fluid. Mental status was
coded on a scale of severity (normal, lethargic, or worse). All other
variables were analyzed as means. Associations of multiple factors
with the length of time before relapse were addressed by Cox regres-
sion analysis.'' A similar analysis of the association of the length of
time before relapse with clinical observations during the initial four
weeks of therapy and laboratory indexes measured at the end of
four weeks was performed for the 91 randomized patients.!' Corre-
lation of outcome with titers of cryptococcal antigen was investigat-
ed by chi-square analysis. Because pretreatment samples were not
available for all study patients, no attempt was made to include the
results of cryptococcal-antigen testing with other pretreatment fac-
tors in the multivariate analyses.

Aug. 6, 1987

REsuLTs
Study Population

From November 1978 through July 1983, 194 pa-
tients were enrolled by 17 participating institutions
(Table 1).

Randomized Patients without Transplants

Of the 91 patients who met the criteria for randomi-
zation after the initial four weeks of protocol therapy,
45 were assigned to the four-week regimen and 46 to
the six-week regimen. There were no important differ-
ences between the two groups (Table 2), although two
patients in the four-week group had the acquired im-
munodeficiency syndrome (AIDS), whereas none in
the six-week group had AIDS.

Patients with Organ Transplants

Twenty-three patients who had received organ
transplants adhered to the protocol; their clinical
characteristics are also shown in Table 2. Twenty-two
patients had received kidney transplants, and one pa-
tient had received a heart transplant. Five patients
were initially assigned to the four-week regimen; how-
ever, because of relapses in four of them, the 18 other
protocol-adherent patients with transplants received
six weeks of therapy.

Patients Not Randomized

Eighty other patients were ineligible for randomiza-
tion for one or more of the following reasons: death
during the first four weeks of therapy (26 patients),
abnormal mental status (21), persistently positive cul-
tures after day 14 of therapy (9), evidence of new or
progressive cryptococcal disease (7), departure from
the protocol because of flucytosine toxicity (15), am-
photericin B toxicity (1), drug deviations beyond per-
missible limits (5), and miscellaneous causes (9). The
clinical characteristics of this group were similar to
those of the randomized group (Table 2). Note that
there were five organ-transplant recipients in the
group not randomized, in addition to the 23 protocol-
adherent patients with transplants described above.

Outcomes
Randomized Patients without Transplants

As Table 3 shows, among the total group of 91
randomized patients without transplants, 60 were
cured, 13 improved, and 18 relapsed. The estimated
relapse rates for the four-week and six-week regimens
were 27 percent and 16 percent, respectively. The cal-
culated 90 percent and 80 percent confidence intervals
include the hypothesized difference of 15 percent;
hence, we cannot reject with a one-sided test, at either
the 5 or 10 percent significance levels, the predeter-
mined null hypothesis that the risk of relapse is higher
by 15 percent or more with the four-week regimen.
Similar conclusions were reached when the two regi-
mens were compared within the predetermined high-
risk and low-risk groups. The estimated one-year re-
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lapse rates in the patients predetermined to be at high
risk were not significantly higher than those in the
low-risk patients within both treatment regimens. The
disease-free curves for the two treatment regimens are
shown in Figure 1.

Patients with Organ Transplants

Among the 23 patients with transplants who ad-
hered to the protocol, 16 benefited (13 were cured and
3 improved), and 7 relapsed. The disease-free curve
for this group of patients is shown in Figure 1. Four of
the relapses occurred among the 5 transplant recipi-
ents who were treated early in the study for only four
weeks, whereas the other three relapses occurred
among the 18 transplant recipients treated for six
weeks.

Patients Not Randomized

This group of 80 patients did not adhere to the
protocol during the first four weeks of therapy; con-

Table 2. Clinical Characteristics of the Patient Groups.

TREATMENT OF CRYPTOCOCCAL MENINGITIS — DISMUKES ET AL.
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sequently, no uniform treatment regimen was em-
ployed. An effort was made to evaluate all the patients
who survived an initial course of any therapy. Out-
comes in the 49 survivors were as follows: 23 patients
were cured, 19 improved, and 7 relapsed. The other
31 nonrandomized patients died — 26 during the first
28 days of therapy, and 5 during therapy that con-
tinued beyond 28 days. In these 31 patients, death
was proved or presumed to be due to cryptococcosis
alone or in addition to another cause. Overall, among
the 80 nonrandomized patients, 42 were cured or
improved and 38 died or relapsed. The disease-free
curve for all the patients not randomized is shown in
Figure 1.

Relapses

Among the 32 patients who relapsed regardless of
the treatment regimen, the length of time from the
discontinuation of therapy to relapse was one month
or less in 13 patients, two to three months in 10, four to
six months in 6, and more than
six months in only 3 (Fig. 1). No
follow-up data after relapse were

CHARACTERISTIC PATIENT GROUP
ORGAN-TRANSPLANT
RECIPIENTS
RANDOMIZED (PROTOCOL ADHERENT)
4 wk 6 wk
No. of patients 45 46 23
Age (yr)
Mean 49 53 38
Range 10-82 21-78 25-61
Sex
Male 31 33 14
Female 14 13 9
Race
White 34 28 15
Black 9 16 8
Other 2 2 0
Relapse after prior therapy 1 0 0
Underlying disease
None 19 17 0
Vasculitis 3 7 0
Hematopoietic disorder* 15 14 1
AIDS 2 0 0
Organ-transplant recipient 0 0 23
Diabetes mellitus 5 9 N
Chronic alcoholism 3 2 0
Nonhematopoietic cancer 0 0 0
Predetermined risk group
High 8 10 23
Low 37 36 0
Receiving corticosteroids or 18 21 23
immunosuppressive drugs
Cryptococcal lung disease 7 8 7
Cerebrospinal fluid
India ink
Positive 24 20 13
Negative 21 24 10
Culture
Positive 44 42 20
Negative 1 3 3
Positive blood cultures S 8 8
Other positive extraneural 1 3 8
cultures

RANDOMIZED

available on one patient. Among
the other 31, 22 were placed on
some retreatment regimen, 12 were
cured, and 10 died or had persistent
disease. The other nine patients
with relapse who were not retreated

ToTAL

NOT

50 4 died. In most of these, the cause of
58 52 death was either underlying disease
16-92 10-92 or sepsis, and persistent cryptococ-
cosis was documented at autopsy.
54 132
% 62 Factors Predicting Outcome
50 127 The pretreatment factors identi-
7 % fied by univariate analysis as pre-
| ) dicting a favorable response were a
normal mental status (P<0.001),
23 59 headache (P = 0.001), hematocrit
10 23 above 30 percent (P = 0.003), ce-
2§ sg rebrospinal fluid white-cell count
5 28 above 20 per cubic millimeter
1‘5‘ 3(3) (P = 0.03), absence of underlying
3 3 disease (P = 0.04), platelet count
above 100,000 per cubic millimeter
29 70 (P =0.04), and a negative cere-
31 124 brospinal fluid India ink prepa-
40 102 ration (P = 0.04). Our predeter-
1 39 mined assessment of risk (high and
low groups) did not correlate signif-
icantly with outcome (P = 0.53).
51 108 Because the pretreatment hemato-
» 84 crit and platelet count were closely
74 180 related to underlying disease and
1 8 these factors are not biologically
2 43 known to be associated with cryp-
14 26

tococcal meningitis, these factors

*H, v dicardere inclnded dicard.

were not considered in further

N " I
of gr ytes, ytes, F ymp:

hocytes, and plasma celis.

analyses.

The New England Journal of Medicine
Downloaded from nejm.org at VIRGINIA COMMONWEALTH UNIV on January 20, 2015. For personal use only. No other uses without permission.
From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society. All rights reserved.



338 THE NEW ENGLAND JOURNAL OF MEDICINE

Table 3. Outcomes in the Randomized Patients According to
Treatment Regimen and Predetermined Risk Group.

REGIMEN/ No. of ESTIMATED RELAPSE

Risk GROUP  PATIENTS FAVORABLE RESPONSE RELAPSE RATE (£SE)*

CURE  IMPROVEMENT
no. (%) no. (%) %

4 Weeks 45 28 (62) 6 (13) 11 (25) 277t
Low risk 37 25 (67) 4 (11) 8 (22) 23+7
High risk 8 3(38) 2 (25) 3 (38) 49+21

6 Weeks 46 32 (T0) 7 (15) 715) 1661
Low risk 36 28 (78) 3(8) 5(14) 146
High risk 10 4 (40) 4 (40) 220 25=*15

Total 91 60 (66) 13 (14) 18 (20) 215

*Determined by the Kaplan-Meier method.

tNinety percent confidence intervals for the differences in estimated relapse rates, —4 to 25
percent; 80 percent confidence intervals for the differences in estimated relapse rates, —1to 21
percent.

In the multiple-regression analysis, significant
pretreatment predictors of a favorable response
were headache (P = 0.005), normal mental status
(P<<0.0001), and a cerebrospinal fluid white-cell count
above 20 per cubic millimeter (P = 0.04). Further in-
vestigation of the combinations of these pretreatment
factors led us to propose two risk groups among pa-
tients with cryptococcal meningitis (Table 4). For ex-
ample, a patient who was lethargic, had no headache
upon presentation, and had a cerebrospinal white-cell
count under 20 would have an estimated rate of
“cure” of 27 percent.

The effect on outcome of the status of the cerebro-
spinal fluid culture after two weeks of therapy was
assessed independently. Two-week culture results
were available for 167 patients. Among the 120 pa-
tients who ultimately were cured or improved, cul-
tures were negative at two weeks in 89 percent, where-
as among 47 patients who died or relapsed, cultures
were negative in 81 percent. Thus, a negative two-
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Figure 1. The Probability of Disease-Free Survival in Randomized
Patients, Patients with Organ Transplants, and Patients
’ Not Randomized.
For the randomized and transplant groups, each symbol repre-
sents one patient relapse; for the group not randomized, each
symbol represents either one relapse or one death.
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week cerebrospinal fluid culture did not predict a fa-
vorable cutcome (P = 0.16).

Since all 91 randomized patients were treated in a
similar manner during the first four weeks of therapy,
clinical and laboratory factors observed during and at
the end of this period were analyzed to determine
which would best predict a good outcome. Only two
factors — the absence or discontinuation of immuno-
suppressive therapy and a negative cerebrospinal fluid
India ink preparation after four weeks of therapy —
were identified as significant predictors that there
would be no relapse (univariate analysis, P = 0.01
and P = 0.002; multivariate analysis, P = 0.007 and
P =0.02).

Flucytosine Susceptibility

Isolates of C. neoformans obtained from 162 patients
before treatment or during the first week of treatment
were assessed for susceptibility to flucytosine. Ninety-
seven percent of the isolates were found to be suscep-
tible (minimal inhibitory concentration, <6.25 ug per
milliliter). Among 10 isolates from eight patients who
relapsed, there was no change in susceptibility in 6.
There was, however, a definite emergence of resist-
ance during therapy in two isolates (minimal inhibi-
tory concentration, >100 ug per milliliter) and possi-
ble selection of resistance in the other two. The results
of susceptibility testing with flucytosine did not pre-
dict the ultimate clinical response.

Toxicity

The incidence of toxic effects of amphotericin B and
flucytosine combined was similar for both treatment
regimens. Among the 91 randomized patients, some
form of toxic reaction was noted in 44 percent of the
patients on the four-week regimen and in 43 percent of
the patients on the six-week regimen. Fifty-six percent
of the toxic effects appeared during the first two weeks
of therapy, and 87 percent during the first four weeks.
Among all 194 study patients, one or more major toxic
effects developed in 103 patients: azotemia, 51 pa-
tients; renal tubular acidosis, 2; leukopenia, 30;
thrombocytopenia, 22; diarrhea, 26; nausea or vomit-
ing, 10; and hepatitis, 13. Renal toxicity was ascribed
to amphotericin B, whereas bone marrow, gastrointes-
tinal, and hepatic toxic effects were attributed to flucy-
tosine. Two deaths were partly related to amphoteri-
cin B-induced azotemia, and three patients died
as a direct or indirect consequence of flucytosine
toxicity — one of pancytopenia, one of cholestatic
hepatitis, and one of diarrhea, ileus, and gastrointesti-
nal bleeding.

Serum flucytosine concentrations measured two or
more weeks before the onset of flucytosine toxic reac-
tions in 38 patients were compared with concentra-
tions measured during two or more of the first three
weeks of therapy in 47 patients without toxic reac-
tions. The development of toxic effects correlated sig-
nificantly with concentrations =100 ug per milliliter
that were present for two or more weeks (P = 0.005).
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This correlation was observed for the overall group
of patients with toxic effects from flucytosine and
for the subgroups with hepatitis (P = 0.004) and bone
marrow suppression (P = 0.02). Peak serum con-
centrations of fluorouracil, determined in 24 patients
with toxic effects from flucytosine and in 26 patients
without such effects, did not predict toxicity. More
detailed data on toxicity, including the definitions of
terms and serum drug concentrations, are provided
elsewhere.'?

Antigen Testing

Cryptococcal-antigen titers were determined in
1415 samples of serum and cerebrospinal fluid. Pre-
treatment samples of both serum and cerebrospinal
fluid were available in 53 patients. Pretreatment se-
rum samples were available in another 23 patients,
and cerebrospinal fluid in another 38 patients. Serum
samples obtained both before treatment and at the end
of therapy were available in 37 patients, and cerebro-
spinal fluid samples obtained at both times were avail-
able in 38 patients.

As Table 5 shows, pretreatment serum titers =1:32
were associated with treatment failure or relapse
(P = 0.05). In contrast, pretreatment cerebrospinal
fluid titers, regardless of the magnitude of the titer,
did not predict the outcome. Cryptococcal-antigen
titers of less than 1:8 in either serum or cerebro-
spinal fluid at the end of therapy were associated
significantly with cure or improvement (P = 0.04 and
P = 0.008). In addition, the following post-treatment
antigen titers determined at least one month after
therapy was stopped did correlate with the likelihood
of relapse: a serum titer =1:8 (P = 0.01) and a cere-
brospinal fluid titer =1:8 (P =
0.06). Two other important results
of cryptococcal-antigen testing not
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tive as the six-week regimen. The random assignment
of two patients with AIDS to the four-week regimen
may have had an effect on the less favorable response
in this group (the difference in the rates of relapse
between the two regimens is only 6 percent when the
patients with AIDS are excluded). Although our data
indicate that patients with cryptococcal meningitis are
at a higher risk of relapse if treated with a four-week
course of combination therapy, it is nevertheless ap-
parent that the four-week regimen is effective in some
patients.

The two most important considerations in deter-
mining the duration of therapy are probably the un-
derlying disease or immune status of the patient and
the severity of the cryptococcal meningitis. Our study
and other recent studies shed light on both these fac-
tors. Because relapses occurred in four of our first five
transplant recipients who were randomly assigned to
the four-week regimen, all the transplant recipients
who were enrolled subsequently were given a mini-
mum of six weeks of therapy. Overall, among our 28
transplant recipients (23 protocol adherent and 5 not
randomized), 7 relapsed, but 4 received only four
weeks of combination therapy. Watson and coworkers
have described 11 cases of cryptococcosis among re-
cipients of renal transplants.!> Meningitis that was
present in nine cases was treated with combination
therapy for 6 weeks in two, for 8 weeks in five, and for
12 weeks in two. Eight of the nine were cured, and
only one who was treated for six weeks relapsed. Five
other cases of cryptococcal meningitis were reported
among 182 heart-transplant recipients at Stanford.'*
One case was diagnosed at autopsy; of the other four
patients, three were cured and one died. Two of the

Table 4. Proposed Risk Groups Based on Prognostic Factors.

shown in Table 5 were (1) that the
magnitude of the pretreatment
serum titer correlated significantly
with a positive culture of blood
for C. neoformans (for example, titer

PRETREATMENT
MENTAL STATUS

=1:32, P =0.002), and (2) that

. Normal
pretreatment titers of serum and Normal
cerebrospinal fluid =1:32 correlat- Lethargy
ed significantly with positive pre- Normal
treatment cerebrospinal fluid India Lethargy
ink preparations (P = 0.007 and Lethargy

Obtundation,

P = 0.001, respectively).

stupor, or coma

DiscussioN Normal
Obtundation,
Among the 91 randomized pa- stupor, or coma
tients, the estimated relapse rates Lethargy
for the four-week and six-week regi- Obtundation,
mens were 27 and 16 percent, re- O;T[?::&::’coma

spectively. Although these rates ap-
pear similar,. the difference is such
that we could not conclude with a
10 percent level of significance that
the four-week regimen was as effec-

stupor, or coma

1-YR

HEADACHE As PRETREATMENT ESTIMATED
A PRESENTING CSF WHITE- No. oF “CURE” RATE PROPOSED
SympTOM CELL COUNT* PATIENTST (£SE)} Risk Groupr§
no./mnt® %

Yes <20 16 93+6 Low
Yes >20 53 885 Low
Yes >20 28 857 Low
No >20 14 6913 High
No >20 10 50+16 High
Yes <20 13 47x16 High
No >20 9 53+18 High
No <20 13 3318 High
No <20 3 33+29 High
No =20 9 2717 High
Yes >20 16 17+18 High
Yes =20 2 0 High

*CSF denotes cerebrospinal fluid.

TA total of 186 patients had all three p

Aed

factors

$Determined by the Kaplan—Meier method.
§The estimated overall “cure” rate for the low-risk group was 88=3 percent; for the high-risk group, 38+7 percent.
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Table 5. Correlation of Titers of Cryptococcal Antigen in Serum
and Cerebrospinal Fluid with the Outcome of Therapy.

CURE OR FAILURE OR
TITER IMPROVEMENT RELAPSE P VALUE*
number (%)
Serum
Before treatment
<1:32 22 (79 6 (21) 0.05t
=1:32 27 (56) 21 (44)
<1:128 27 (75) 9 (25) 0.07
=>1:128 22 (58) 18 (42)
At end of therapy
<1:8 12 (92) 1(8) 0.04%
=1:8 25 (62) 15 (38)
No change or increase in titer 14 (74) 5 (26) 0.42
At least one tube decrease 11 (61) 739
After therapyt
<1:8 36 (92) 3(8)
=18 12 (67) 67 (33) 0.01%
Cerebrospinal fluid
Before treatment
<1:32 23 (72) 9 (28) 0.92
=1:32 43 (73) 16 27)
<1:128 31 (76) 10 (24) 0.55
=1:128 35 (70) 15 (30)
At end of therapy
<1:8 19 (90) 2 (10) 0.0081
=1:8 19 (63) 11 (37)
No change or increase in titer 8 (73) 32N 0.93
At least one tube decrease 20 (74) 7 (26)
After therapy¥
<1:8 46 (88) 6(12) 0.06
=1:8 11 (69) 5@31)

*By chi-square analysis.
tStatistically significant.
$At least one month after therapy.

three who were cured received combination therapy.
On the basis of these data, we recommend that all
transplant recipients who contract cryptococcal men-
ingitis be given at least six weeks of combination ther-
apy with amphotericin B and flucytosine.

Univariate analysis of the effect of pretreatment
factors on outcome showed that the presence of one of
the underlying diseases listed in Table 2 was associat-
ed with a poor outcome (P = 0.04). Seventy percent of
our patients had one or more underlying diseases, and
the most common was a hematopoietic disorder (in-
cluding AIDS); such a disorder was present in 29
percent and was slightly associated with a poor out-
come (P =0.13). Immunosuppressive therapy was
also common among our patients; 53 percent were
receiving corticosteroids or some other immunosup-
pressive drug at the time of diagnosis. Corticoste-
roid therapy also correlated with a poor outcome
(P = 0.09). These associations were noted previously
by Diamond and Bennett in their retrospective review
of 111 cases of cryptococcal meningitis; patients who
had a lymphoreticular cancer or who were taking cor-
ticosteroids were found to be at a higher risk of dying
of active disease during treatment.® These investiga-
tors also noted an association between positive pre-
treatment cultures of blood or other extraneural tis-
sues and the failure of therapy in patients with
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cryptococcal meningitis®; our findings do not support
this association. Similarly, Perfect et al. have studied
15 patients with cryptococcemia and concluded that
the progress of patients’ underlying diseases and the
outcome of concomitant infections were more impor-
tant in determining survival than the presence of cryp-
tococci in the blood.'?

Cryptococcal disease, including meningitis, has also
been extremely difficult to cure in patients with AIDS.
Among 27 patients with cryptococcosis and AIDS de-
scribed by Kovacs and coworkers, 18 had meningi-
tis.'® No standardized therapeutic regimen was em-
ployed. Treatment was considered a failure in 14,
because of either death (9 patients) or persistently
positive cultures during therapy or within four weeks
of its termination (5 patients). Zuger et al. have de-
scribed cryptococcosis in another 26 patients with
AIDS, 22 of whom had brain or meningeal disease.'”
Despite the use of several treatment approaches, final
outcomes were again not favorable. Among 15 pa-
tients who completed their initial treatment regimen,
8 were followed with no further antifungal therapy.
Four relapsed and died with active cryptococcosis;
three others died of other causes, and only one was
reported still alive. Five of our patients had AIDS,
and their outcomes were equally poor; only one was
free of relapse one year after the discontinuation of
therapy. Because of the high relapse rate of cryptococ-
cosis in AIDS and the high mortality associated with
relapse, most investigators now recommend mainte-
nance anticryptococcal treatment with weekly ampho-
tericin B.

The severity of the disease also appears to be an
important determinant of outcome and consequently
of the duration of therapy. In our study, there was a
striking correlation between an abnormal mental sta-
tus at the time of diagnosis and a poor outcome (re-
lapse or death due to active disease). Conversely, pa-
tients in whom headache was an initial presenting
symptom tended to have favorable outcomes, presum-
ably because this symptom led to early lumbar punc-
ture and diagnosis. Patients with a cerebrospinal fluid
white-cell count of less than 20 per cubic millimeter
before treatment were more likely to die during ther-
apy or to relapse — an association noted by other
investigators.>!8 On the basis of our analyses of the
predictive value of pretreatment factors, we have pro-
posed two new risk groups among patients with cryp-
tococcal meningitis, in an effort to guide therapy (Ta-
ble 4). Patients with factors that place them in the
high-risk group should receive a minimum of six
weeks of combination therapy.

The toxicity of the treatment regimen is another
consideration in determining the length of therapy.
Bennett and his coworkers noted that the combination
regimen was significantly less nephrotoxic than am-
photericin B alone.? In our study, the four-week and
six-week combination regimens were complicated by
toxicity in 44 percent and 43 percent of the cases,
respectively. Moreover, flucytosine caused more toxic
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effects than amphotericin B, and this difference was
positively correlated with flucytosine serum concen-
trations above 100 ug per milliliter. Flucytosine toxic-
ity appeared early in the course of therapy; 49 percent
of the toxic reactions occurred during the first two
weeks of therapy, and 92 percent within the first four
weeks. Similarly, Bennett et al. noted that 92 percent
of the adverse effects of flucytosine became apparent
during treatment days 10 to 26.% Overall, the four-
week combination regimen was not less toxic than the
six-week regimen. Because the toxic effects of flucyto-
sine, especially bone marrow suppression and liver
dysfunction, are more likely to occur in patients with
sustained elevations of serum concentrations of the
drug, and because our protocol required high daily
doses of flucytosine (150 mg per kilogram) that may
not be tolerated or required by all patients, we recom-
mend weekly monitoring of the peak serum flucyto-
sine concentration and adjustment of the daily dose to
maintain serum levels in the range of 50 to 100 ug per
milliliter.

The results of our testing for cryptococcal antigen
suggest that this test has only limited usefulness in
predicting the response to therapy and in determining
the duration of therapy, and both support and refute
the results of previous studies that did not employ a
reference laboratory for antigen testing. Diamond and
Bennett identified an initial serum or cerebrospinal
fluid titer =1:32 as a significant risk factor for death
during therapy and a post-treatment serum or cere-
brospinal fluid titer =1:8 as a significant risk factor for
relapse.’ In a subsequent prospective study, Bennett
et al. noted a higher geometric mean cerebrospinal
fluid titer, both before and at the end of treatment,
among patients in whom therapy failed.®> Zuger and
colleagues reported similar correlations of antigen ti-
ters with outcomes among patients with AIDS.!7 Our
data confirm the previous observations that pretreat-
ment serum titers =1:32 and end-of-therapy serum
and cerebrospinal fluid titers =1:8 are more likely to
be associated with failure or relapse. Similarly, serum
and cerebrospinal fluid titers =1:8 one month or more
after treatment are associated with relapse. The im-
portant difference in our results from those of earlier
studies is the absence of a correlation between pre-
treatment antigen titers in cerebrospinal fluid and
outcome. The latex agglutination test for cryptococ-
cal antigen remains a superb diagnostic tool for
patients with suspected cryptococcal meningitis®'%;
however, we recommend that the results of this test
be used with other clinical indexes, not alone, to deter-
mine the appropriate duration and potential success
of therapy.

In summary, the results of our study are consistent
with the view that the duration of combination ther-
apy for cryptococcal meningitis should be based on the
immune status or underlying disease of the patient,
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the severity of the disease, and several serum and cere-
brospinal fluid variables. We think the four-week regi-
men should be reserved for patients with the following
characteristics: no underlying disease or immunosup-
pressive therapy; meningitis that is recognized early
and not complicated by neurologic abnormalities; a
cerebrospinal fluid white-cell count before treatment
=20 per cubic millimeter; a pretreatment serum cryp-
tococcal antigen titer <1:32; a negative cerebrospinal
fluid India ink preparation after four weeks of ther-
apy; and serum and cerebrospinal fluid cryptococcal
antigen titers <1:8 at four weeks. All patients who do
not meet these criteria should receive at least six weeks
of therapy; in addition, some form of long-term main-
tenance treatment should be considered for patients
with AIDS.

We are indebted to Deborah Brooks and Faye Reames for manu-
script assistance.
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