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Summary 
Cryptococcosis and aspergillosis in immunocompromised patients are extremely 
difficult clinical conditions to manage and treatment with available antifungal 
drugs often fails. Itraconazole, R-512II, Janssen Pharmaceutica, a new orally 
absorbed triazole, is a possible alternative drug which is potentially effective and non- 
toxic. Preliminary experience with 28 patients, eight with cryptococcosis and 20 with 
aspergillosis, is reported. Of these patients, 16 were immunocompromised (seven with 
the acquired immune-deficiency syndrome (AID S), five heart transplant recipients and 
four with leukaemia or lymphoma). Overall, results of treatment were good (I8 in 
remission, four markedly improved, four moderately improved and two failed). 
Prevention of relapses of cryptococcosis was obtained in all patients with AIDS on 
long-term itraconazole monotherapy (3 mg/kg). Treatment of invasive aspergillosis 
required a higher dosage (about 5 mg/kg) and prolonged administration. Besides its 
efficacy this antifungal agent allowed outpatient management. 

Introduction 

Fungal  infections are becoming increasingly important  causes of  mortal i ty  and 
morbidi ty  in immunocompromised  patients. 1 Aspergillosis, for example, is 
seen particularly in neutropenic  cancer patients and has been repor ted also in 
the recipients of  t ransplanted organs. Cryptococcosis also is recognised in 
patients with diseases which lead to defective T lymphocyte  funct ion such as 
the acquired immune-def ic iency syndrome (AIDS).  In  both examples the 
outcome of t rea tment  is often disappointing since it is not  possible to eradicate 
the infection in the presence of  a continuing host immune  defect. T r e a t m e n t  
with amphoter ic in  B on its own or in combinat ion with flucytosine is often 
used. T r e a t m e n t  failures in invasive forms of aspergillosis ~'3 as well as relapse 
of  cryptococcosis in patients with A I D S  4'~ are often reported.  Alternative 
more  effective drugs are clearly needed.  

Itraconazole ( R - s I 2 I I ,  Janssen Pharmaceut ica,  Beerse, Belgium), a new 
orally adminis tered triazole, is active against Aspergillus fumigatus and 
Cryptococcus neoformans in vitro as well as in experimental  infections in 
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laboratory animals. 6 This drug is better tolerated than other azoles and has not 
been reported to cause hepatitis. It does not appear to affect human steroid 
biosynthesis and has a half-life of 20-30 h. Although concentrations in the 
serum are not high, it is avidly bound to tissues. 7 

We report the results of an open study concerning treatment of crypto- 
coccosis and aspergillosis with itraconazole in immunocompromised hosts. 
Results in I3 of the patients have been described in a preliminary report. 8 

Patients and methods  

From January 1985 to June 1987 a total of 28 patients, eight affected with 
cryptococcosis and 20 with aspergillosis, were selected for the open study. 
Informed consent was obtained from all. Itraconazole was supplied by Janssen 
Farmaceutici SpA, Roma, as 5o mg capsules. 

Diagnosis  and treatment  o f  cryptococcosis  

The eight patients with cryptococcosis enrolled in the study comprised seven 
with disseminated infections complicating AIDS and one with meningo- 
encephalitis who had no evidence of predisposing factors. Infection with the 
human immunodeficiency virus (HIV) was established by enzyme-linked 
immunosorbent assay for antibody (Abbott Laboratories, Chicago, IL, 
U.S.A.) confirmed by Western blot analysis (Abbott Laboratories). 

In order to confirm the diagnosis of cryptococcosis, to determine the extent, 
of infection and to assess the efficacy of treatment, blood, urine, bronchial 
secretions and cerebrospinal fluid (CSF) were processed as follows. Blood 
cultures were performed by the lysis-centrifugation technique (Du Pont Co, 
Wilmington, DE, U.S.A.). 9 Urine and liquefied sputum or bronchial aspirates 
were processed by culturing o.I ml undiluted and Ioo-fold diluted samples on 
Sabouraud's dextrose agar; sediments of urine and bronchial aspirates were 
cultured on selective inositol agar 1° which allows the growth of C. neoformans 
in the presence of Candida spp. At least 2 ml CSF were centrifuged at 25oo 
rpm for I5 min. Part of the pellet was then examined microscopically in an 
India ink preparation and the remainder cultured on Sabouraud's dextrose 
agar and blood agar at 32 °C. 

Tests for cryptococcal antigen in serum and CSF were performed by means 
of a latex agglutination test (Meridian Diagnostics Inc, Cincinnati, Ohio, 
U.S.A.) before treatment began and at intervals during treatment. The  antigen 
titres of samples drawn from patients before and during treatment were 
determined at the end of treatment with the same batch of reagents. 

The  first four patients with AIDS were given itraconazole alone, in one such 
patient amphotezicin B was given after treatment with amphotericin B 
(cumulative dose of I - r 5  g) together with flucytosine ( I5omg/kg/day) .  
Itraconazole was given because of persistently positive CSF cultures in three 
patients and because of the need to continue treatment in order to prevent 
relapse in the fourth patient who had just completed a course of amphotericin 
B. A single daily dose of zoo mg or 30o mg of the drug was given together with 
the main meal in order to ensure optimum absorption. Treatment  was 
continued until death in three patients; the fourth remained under treatment. 
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A further three patients with A I D S  and disseminated cryptococcosis as well 
as one other patient with cryptococcal meningoencephali t is  without  evidence 
of predisposing factors received itraconazole (200-400 mg) as first line 
antifungal therapy. Flucytosine (I50-2oo mg/kg /day )  was given also for the 
first 4 to 8 weeks. Once clinical improvement  was obtained with disappearance 
of fever and headache and cultures became negative, itraconazole was 
continued on its own. All strains of C. neoformans isolated before and during 
t reatment  were tested in vitro for flucytosine sensitivity by the method  
reported by Shadomy et al. 11 

Efficacy of the drug was supported by disappearance of symptoms,  absence 
of growth of C. neoformans from biological samples and negative microscopy 
of India ink preparations of CSF.  Falls in serum and CSF antigen titres were 
considered to be additionally favourable. 

Diagnosis  and treatment  o f  aspergil losis  

Among the patients with aspergillosis who were treated with itraconazole only 
those who had mycologically proven Aspergillus infections treated with 
itraconazole as sole therapy for more than 3 weeks were selected for evaluation 
of the drug. Clinical forms of aspergillosis were classified according to Hay. 12 
Accordingly the evaluated cases were: 

(a) ten patients with invasive aspergillosis. These  consisted of heart 
transplant recipients (five cases); patients affected with haematological 
malignancies (one chronic myelocytic leukaemia, one acute lymphatic 
leukaemia, one Hodgkin 's  disease, one non-Hodgkin ' s  lymphoma) and a 
patient on haemodialysis receiving glucocorticoids for asthma; 

(b) three patients with bronchopulmonary  aspergillosis associated with 
cystic fibrosis; 

(c) one patient with chronic necrotising pulmonary aspergillosis associated 
with alveolar proteinosis; 

(d) two patients with aspergilloma associated with quiescent tuberculosis 
(one patient was also persistently colonised by Pseudallescheria boydii); 

(e) one patient with Aspergillus empyema and who had a bronchopleural  
fistula; 

(f) one patient with a l le rg icbronchopulmonary  aspergillosis (ABPA); 
(g) one patient with peritoneal aspergillosis following intestinal obstruction 

and perforation of the bowel;  
(h) one patient with Aspergillus infection of a surgical wound following 

insertion of a cardiac pace-maker. 
Aspergillus infection was diagnosed by isolation of Aspergillus spp. in 

culture together with microscopical evidence of fungal hyphae in bronchial 
secretions, pleural aspirates or biopsy of the affected tissue. Specific antibodies 
were detected by agar double diffusion tests and the use of reagents from the 
Inst i tut  Pasteur Product ion (Paris, France) and Mercia Diagnostics (Shalford, 
Guildford,  Surrey, U.K.).  In  all patients A. fumigatus was identified as the 
aetiological agent except in the patient with the surgical wound infection from 
whom A. nidulans was isolated. The  patient with an empyema was 
simultaneously infected by A. fumigatus, A flavus and Fusarium moniliforme. 
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Immunosuppressive regimens administered to transplant recipients have 
been described previously. 13'14 

All patients received itraconazole on its own (Ioo--4oo mg) administered 
once a day with the main meal. Only two patients with invasive aspergillosis 
had already received intravenous amphotericin B. Two patients with invasive 
aspergillosis and one with aspergilloma continued to receive itraconazole. 

The  possible outcomes for patients were: remission, if the patient had no 
clinical, radiological and mycological evidence of active infection; markedly 
improved, if the patient showed > 50 % decrease in symptoms and reduction 
of lesion size without evidence of the viable causative fungus; moderately 
improved, if ~< 5o% decrease in symptoms was observed with possible 
persistence of the viable causative fungus; failed, if the patient showed proven 
persistence of active infection. 

Safety 

A full haematological examination and liver function tests were performed 
weekly for a month and then every I5 days throughout the itraconazole 
treatment. At each visit, all patients were asked about side-effects. 

Drug estimations 

Concentrations of itraconazole in serum and CSF were measured by high- 
pressure liquid chromatography 15 by Dr Woestenborghs (Janssen Pharma- 
ceutica, Beerse, Belgium). 

Results 

Cryptococcosis 

Data concerning the first four patients with AID S who were given itraconazole 
after receiving conventional therapy are summarised in Table I. At the time of 
starting itraconazole monotherapy the first three patients still had positive 
CSF cultures following a clinical and mycological relapse in nos. I and 2, and 
persistence of the active infection after a complete course of amphotericin B 
plus flucytosine therapy in no. 3- In contrast patient no. 4 was free of 
symptoms and cultures were negative, but C. neoformans was still present in 
India ink preparations of CSF. 

Within the first month of treatment with itraconazole, fever and headache 
disappeared in the first two patients and further improvements were observed 
in the third. Also cultures became negative within the first 3o to 40 days of 
treatment. Encapsulated yeasts were still present, however in India ink 
preparations of CSF of patients nos. 2 and 3 after 8 and 6 months respectively 
of itraconazole therapy. Further monitoring of spinal fluid in patient no. 2, 
who survived for another 8 months, was not possible because the patient 
refused further lumbar punctures. 

Necropsy of patient no. I who died of cytomegalovirus pneumonia did not 
reveal any evidence of C. neoformans infection on cultural and histological 
examination. Furthermore, the latex agglutination test, just before death, was 
negative. 

Patient no. 4, still under therapy, remained free of symptoms. India ink 
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preparations of CSF became negative within 2 months ,  and within 6 months  
CSF  and serum antigen titres decreased from IO24 and 32000 to 32 and I25 
respectively. 

Table II  reports the results of t reatment in the other four patients who 
received itraconazole plus flucytosine as initial therapy followed by itra- 
conazole alone after 4-8 weeks. A marked clinical improvement  with 
disappearance of fever and headache was obtained within the first 20 days in 
all patients;  also cultures and India ink preparations of CSF  became negative. 
Relapses were not seen during maintenance therapy. Two  patients died of 
acute respiratory failure 9 and 6 weeks respectively after starting the antifungal 
treatment.  Patient no. 8, admitted to hospital when he was in coma with 
hydrocephalus resulting from Cryptococcus infection, received intraconazole 
plus flucytozine combined with surgical drainage. Remarkable clinical and 
mycological improvement  was observed within 20 days. After I2 weeks, 
t reatment was stopped, the patient was discharged from hospital but  did not 
return for further assessment. 

Short reports concerning two patients with A I D S  (nos. 5 and 6) appear 
below. 

Patient no. 5, a 28-year-old farmer and former drug addict, was admitted to 
hospital because of fever and headache together with enlargement of left-sided 
axillary and cervical lymph nodes. He also had an ulcerative lesion on the fifth 
finger of the left hand. The  cutaneous lesion had appeared 6 months  before 
admission to hospital followed by enlargement of lymph nodes during the 
previous month.  On admission, C. neoformans was cultured from blood, urine, 
sputum,  CSF  and from the ulcer on the finger. At the same time the diagnosis 
of A I D S  was established. Response to t reatment with itraconazole plus 
flucytosine (~ 50--200 mg /kg /day )  was supported by disappearance of headache 
within 5 days, healing of the cutaneous lesion and resolution of fever within Io 
days. Cultures, which were positive on the eighth day of treatment,  were 
negative on the eighteenth day. After 30 days of combined treatment,  
flucytosine was stopped and itraconazole was continued alone. After 6 months  
of t reatment the patient was in good health without evidence of recurrence. 
Also the CSF  findings, abnormal on admission (glucose 0"56 mmol/1, protein 
I67 g/l ,  white cells I47 x IO6/1) became normal (glucose 2"50 mmol/1, protein 
40 g/l ,  white cells ~ x lO6/1). 

In  patient no. 6, a 26-year-old man and former drug abuser, disseminated 
cryptococcosis was diagnosed by isolation of C. neoformans from blood, urine 
and CSF.  The  CSF India ink preparation was negative, cryptococcal antigen 
titre 8, glucose 2.6I mmol/1, protein 39 g/1 and white cells 8 x io6/1. Headache 
and fever (40 °C) observed on admission to hospital disappeared within 3 and 
I5 days of combined antifungal therapy, respectively. Cultures of blood and 
urine became negative within ro days; CSF,  on the fifteenth day of treatment,  
was also negative on microscopy and culture. CSF antigen was not detected 
after 3o days of t reatment ;  the serum antigen titre rose from 4o96 to 32ooo 
during the first r 5 days of t reatment and then fell to I6 at the fortieth day. 
After 2 months  of t reatment the patient died of acute respiratory failure. 
Autopsy revealed an acute fibrotic process of the lung but  no evidence of C. 
neof ormans. 
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Itraconazole was well tolerated by all patients and when combined with 
flucytosine during the first period of treatment the bone marrow was not  
affected. 

Itraconazole was not detected in CSF  samples of any of the treated patients 
even when the corresponding serum samples showed concentrations up to 
9I I  ng /ml ,  as in patient no. 2. 

Aspergillosis 
A synopsis of the diagnostic criteria, treatment regimens and outcome for 
patients are shown in Table I I I .  

Of the 20 patients, I4 (nos. 9-I2 ,  I4- I6 ,  I8, 22-24 and 26-28) were 
considered to have responded to therapy and were rated as being in remission 
or markedly improved. Four  patients (nos. I7, 20, 2I and 25) showed only 
moderate clinical improvement  and three of them (nos. I7, 21 and 25) still had 
positive cultures at the time of assessment. Two patients failed to respond to 
treatment.  These were a heart transplant recipient with invasive aspergillosis 
(no. I3) and a child with cystic fibrosis (no. I9). Itraconazole therapy was 
discontinued twice during the first period of treatment because of nausea and 
vomiting in both plus deterioration of liver function in one of them. 

We regard the outcome of t reatment of  invasive aspergillosis in heart 
transplant recipients and patients with haematological malignant disease as 
indicative of drug efficacy. In six patients (nos. 9, 11 and I3- I6)  the presence 
of  invasive aspergillosis was confirmed by biopsy and of these only one (no. 13) 
had progressive disease. In the remaining four patients, biopsy was not 
possible but the clinical and radiological appearances plus isolation of 
Aspergillus from bronchial aspirates taken through a fibre-optic bronchoscope 
are highly suggestive of invasive pulmonary aspergillosis. Abbreviated reports 
about these patients appear below. 

The  heart transplant patients (nos. 9-I3)  developed invasive aspergillosis 
with bilateral infiltrates between 20 and 58 days after surgery. All patients 
responded to therapy except one (no. I3) who had to discontinue itraconazole 
as well as other drugs twice because of gastro-intestinal intolerance and 
deterioration of liver function. Fifty days after starting treatment,  this patient 
died of disseminated aspergillosis. In  the other four patients, pulmonary 
infiltrates resolved within I to 3 months.  Only in one patient (no. Io), treated 
for relapse of Aspergillus pneumonia  (Fig. i), was an asymptomatic residual 
cavity with a tiny inclusion observed by tomographic examination (Plate I (a) 
and (b)) performed in the eleventh month  of treatment because of an 
increasing antibody response. It  is not known whether this lesion represented 
an incipient aspergilloma but, so far, the initial disease has not  recurred. 

Patient no. 9 (Fig. 2) whose pulmonary infiltrates cleared within 2 months  
on a daily dose of 2oo mg itraconazole (Plate 2 (a) and (b)) developed several 
vertebral lesions involving the cervical, thoracic and lumbar spine, starting 
from the second month  of treatment.  Aspergillosis was confirmed by bone 
biopsy and culture. After increasing the daily dose of itraconazole to 400 rag, 
the vertebral lesions showed radiological resolution over a period of 8 months  
(Plate 3 (a)-(c)). The  peak serum concentration of itraconazole in the fourth 
month  of therapy with a dose of4oo mg daily was 217o ng /ml  compared to 429 
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Plate I. Chest tomographs of patient no. IO. (a) Residual apical cavity of invasive aspergillosis treated with 
intravenous amphotericin B (total 2 g). The relapse of Aspergillus pneumonia resolved with itraconazole. (b) 
After one year of treatment the size of the apical density was also markedly reduced. Treatment has 

continued. 

M. A. VlVIANI et al. (Facing p. 160) 
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Plate 2. Ches t  X-rays  o f  patient  no. 9 (a) at the  beginning of  itraconazole therapy and (b) 2 m o n t h s  later. 

M.  A. VXVmNI et al. 
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Plate 3. Vertebral lesions (Lz-L3)  of  patient no. 9 which developed during treatment with itraconazole 
(2oo mg/day)  despite progressive improvement  of the pulmonary infiltrates, plate 2 (b). Aspergillus 
aetiology was confirmed by biopsy. When  the daily dose of itraconazole was increased to 4oo mg, the lesions 
resolved within 8 months.  The  plates relate to (a) the time of  diagnosis (b) after 4 months treatment and 

(c) after 8 months treatment.  

M. A. VIVIANI et aL 
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Plate 4. Pu lmonary  Aspergillus infection in patient  no. 23. Wi th in  7 m o n t h s  o f  start ing t reatment ,  mult iple  
intracavitary inclusions and  sur rounding  infiltrates (a) were reduced to a single aspergilloma. (b) After  the  

first m o n t h  of  t reatment ,  the  patient  was discharged f rom hospital  and went  back to work as a joiner. 

M.  A. VIVlANI et al. 
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and 660 ng/ml  respectively on the seventh and fortieth day when the daily 
dose was 200 mg. 

Patients 9, IO and II ,  treated for I7, I5 and 6 months respectively, have 
remained in good health. 

Patient no. I2 was admitted to hospital in the fifth month of treatment 
because of severe diabetes mellitus and died I month later of Pseudomonas 
sepsis. 

Among patients affected with haematological malignant disease, and who 
developed acute invasive aspergillosis, three were given itraconazole as the 
drug of first choice; one after failure of amphotericin B (no. I5). Moderate 
clinical improvement with persistence of positive cultures was observed in 
patient no. 17 who died because of worsening of the underlying disease. On the 
contrary, complete healing was obtained in the other three patients with 
biopsy proven Aspergillus infection (nos. I4, I5, I6). Cultures became 
negative within the first 30 days and chest X-rays became normal within 4, 2 
and 6 months respectively. They remained well 2, 21 and 8 months respectively 
after discontinuation of treatment. 

Serious side effects were not observed despite the long period of treatment. 
Increases in gamma-glutamyltranspeptidase values in patients nos. I3, I5 and 
18 (2800, 777, and I791 U/l )  and in alkaline phosphatase values in patients no. 
I5 (598 U/l )  are difficult to ascribe to itraconazole toxicity due to treatment 
with several drugs and the severity of the underlying illness. In patient no. Io, 
who began treatment with itraconazole during liver failure, liver function 
became and remained normal during the 15 months of therapy. 

Discuss ion  

Evidence for clinical efficacy of itraconazole in the treatment of cryptococcosis 
is provided by results obtained with the drug given alone for relapse or 
persistence of the infection after adequate conventional treatment (patients 
nos. I-4), as well as with the drug given together with flucytosine in the first 
month of treatment (patients nos. 5 -  8). In patient no. I, complete remission 
was achieved but in nos. 2 and 3 the CSF was still positive on microscopy but 
not by culture after 6 months. The  combination of itraconazole and flucytosine 
used for patients nos. 5-8 led to complete remission. Although itraconazole 
was not detected in the CSF, even in patients with high concentrations in the 
serum, the drug proved effective in the treatment of cryptococcal meningitis 
in our patients. These results confirm the pharmacokinetic data and successful 
treatment of central nervous system infection reported in animal models. 16'17 
Further  studies of itraconazole in human cryptococcosis are clearly warranted. 

As regards treatment of aspergillosis, difficulties in assessing the drug's 
activity relate to the differing clinical characteristics of the infection and the 
changing immunological status of patients who develop the infection. A 
complete cure may be difficult to achieve or sustain in many situations such as 
Aspergillus empyema, in the presence of a bronchopleural fistula or allergic 
bronchopulmonary aspergillosis (ABPA) in atopic patients or in those with 
cystic fibrosis. The  marked improvement obtained in the patient with ABPA 
(no. 26), however, is encouraging. 
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The effect of itraconazole on aspergillomas in two patients seems to have 
depended upon the length of treatment, a finding already suggested by other 
authors. 18'19 So far, no other antifungal has been shown to have a significant 
effect against this form of aspergillosis. Since only a few patients have been 
treated, however, the optimal dose and length of treatment cannot be 
defined. 

The  prompt response to treatment shown by patients affected with 
Aspergillus peritonitis secondary to contamination of the peritoneal cavity 
and by those with surgical wound infection (nos. 27 and 28) may relate to the 
comparative immunocompetence of these patients and, in patient no. 28, to the 
high concentration of the drug in the skin. 7 

The  strongest argument for the clinical efficacy of itraconazole in patients 
with Aspergillus infections is provided by the results of treatment of invasive 
aspergillosis in patients with leukaemia and lymphoma and in heart transplant 
recipients. In these patients, treatment with higher doses of itraconazole (5 
mg/kg or no less than 4 mg/kg) seems to be mandatory, at least in the first 2 
months of treatment. In this group clinical and mycological remission was seen 
in eight out of ten patients. In five of these, diagnosis was established by 
biopsy. While in leukaemic patients it is difficult to exclude an increase in 
neutrophils as significant in their recovery, this was not so in the heart 
transplant patients who remained on immunosuppressive drugs throughout 
the treatment of their Aspergillus infection. 

It cannot yet be established for how long and at what dosage a patient with 
permanent immunosuppression should continue treatment after clinical and 
mycological evidence of recovery. Despite their satisfactory outcome, patients 
9 and IO have continued treatment with itraconazole. In one of them (no. Io) 
a small residual aspergilloma has remained. 

Results obtained in this study are encouraging and suggest that itraconazole 
may prove useful in the management of cryptococcosis and aspergillosis. The 
drug may also be given as a maintenance regimen in patients with AIDS 
and cryptococcosis since we have found it effective in preventing relapses. 
Itraconazole was easily administered and even in long-term treatment was free 
of serious side effects. Although there is little evidence that it inhibits the 
metabolism of cyclosporin A, some investigators have found that cyclosporin 
accumulates in patients on itraconazole. 2°'21 We have not proved such an 
interaction but it is worth considering in patients taking both drugs. More 
information on this phenomenon is clearly needed. Lastly, as an oral drug, 
itraconazole may be used outside hospital when circumstances are appropriate. 
This may be important for the patient's well-being and reduces the cost of 
therapy. 

(We thank Dr R. J. Hay, London School of Hygiene and Tropical Medicine, U.K., 
for valuable comments and for reviewing the manuscript as well as Miss Tilde Piazza 
and Miss Maria Frattini for skilful technical assistance.) 
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