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Background: Pulmonary cryptococcosis is a fungal infection of the lungs, particularly challenging to treat in patients with multiple
comorbidities such as obesity, type 2 diabetes, and cirrhosis. Fluconazole is a first-line medication for the treatment of pulmonary
cryptococcosis, but currently there is a lack of clinical medication experience in obese patients with multiple comorbidities, especially
in dose adjustment after treatment failure.

Case Introduction: This case report describes the experience of fluconazole in the treatment of pulmonary cryptococcal infection in
a 45-year-old Chinese male with obesity, type 2 diabetes, and cirrhosis. The patient had a history of antifungal therapy for two weeks
before admission, but the cough and hemoptysis were not improved. The treatment failed. After admission, it was recommended to use
a conventional dose of fluconazole as an antifungal regimen according to the guidelines. However, the treatment effect was still
unsatisfactory, due to the patients’ cough, hemoptysis, and fever symptoms were not relieved. During this period, it was newly found
that the patient had cirrhosis and type 2 diabetes and had not previously controlled blood glucose. Considering the above situation,
combined with the pharmacokinetic characteristics of fluconazole and the patient’s weight reaching 113 kg, the team readjusted the
fluconazole medication regimen, and ultimately, the pulmonary infection improved without significant adverse reactions.

Results: We found that it was more suitable for patients with obesity to calculate the dose of fluconazole by the lean weight. By
estimation, the patient was finally given a loading dose of 800 mg fluconazole, and his condition improved significantly. After two
weeks of medication, it was adjusted to a maintenance dose of 600 mg until the pulmonary infection in the patient disappeared.
Conclusion: This case suggests that fluconazole antifungal therapy for pulmonary cryptococcal infection should fully consider the
risk of comorbidities in patients. If necessary, medication dosage can be adjusted according to weight, and it is recommended to use
lean bodyweight for evaluation and optimization. In addition, close attention should be paid to liver and kidney function.
Keywords: pulmonary cryptococcosis, fluconazole, antifungal therapy, dose optimization, obese, lean bodyweight

Background

Pulmonary cryptococcosis is a fungal infection of the lungs, particularly challenging to treat in patients with multiple
comorbidities such as obesity, type 2 diabetes, and cirrhosis, which is mainly caused by Cryptococcus neoformans or C.
gattii, and may involve the central nervous system (CNS)'. In the past, immunosuppressed people were the high-risk
group of cryptococcal infection, such as HIV-infected people. However, it is worth noting that in recent years, there have
been more and more reports of cryptococcal infection in HIV-negative individuals® . At present, pulmonary crypto-
coccosis is the third most common pulmonary fungal infection in China®®, and its treatment strategy mainly stems from

clinical trial inference, case observation, case reports, and expert opinions.’
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Fluconazole is a triazole antifungal agent commonly used in critically ill patients'®, and is usually recommended for
the treatment of simple pulmonary cryptococcosis.11 It has good pharmacokinetics and safety in healthy people and non-
critical patients, but this is influenced by the patient’s disease status and obesity level.'*'* Due to the fact that monitoring
the blood concentration of fluconazole is not a clinical necessity, there is limited research data on fluconazole use in
patients with obesity, while pharmacokinetic data in cryptococcal patients is almost non-existent.'*'

We report a case of a Chinese male patient with pulmonary cryptococcosis with normal immunity, who was morbidly
obese with type 2 diabetes and cirrhosis. The initial effect of fluconazole treatment in this case was poor. This article
provides a detailed description of the optimization and considerations of the drug treatment plan, which has reference

significance for choosing fluconazole treatment for pulmonary cryptococcosis in obese patients.

Case Presentation

Case Information

The patient was a 45-year-old Chinese male, height 180 cm, weighing 113 kg, and having a body mass index (BMI) of
34.88 kg/m*. He was admitted due to “intermittent cough for 6 months and blood in the sputum for 5 months”. Half
a month before admission, he received a percutaneous CT-guided lung biopsy in other hospitals. The pathological results
showed fungal granulomatous inflammation, and the acid-fast staining test was negative, and he was suspected of
C. neoformans infection. He received symptomatic treatment such as anti-infection, hemostasis, and liver protection, but
the effect was not satisfactory. He still had cough and blood in sputum, about 7—8 times a day. The patient has a history of
fatty liver disease and gallstones. At admission, the body temperature was 36.8 °C, heart rate 92 beats/min, breathing 20
beats/min, and blood pressure 113/65 mmHg. Clear mind, average mental state, rough breathing sounds in both lungs, no
obvious dry or wet rales heard, soft abdomen, no tenderness or rebound pain, liver, spleen, subcostal not reached, no
percussion pain in both renal areas, and no edema in both lower limbs. The laboratory inspection has been improved, and
the results are shown in Table 1. The results of routine blood tests showed that the white blood cell count (WBC) was
6.24x10°/L, the percentage of neutrophils (Neut%) was 69.9%, the lymphocyte (Lym) was 1.39x10%/L, the red blood cell
(RBC) was 4.02x10'%/L, and the hemoglobin (HGB) was 110.0 g/L. C-reactive protein (CRP) was 10.4 mg/L, and
erythrocyte sedimentation rate (ESR) was 53 mm/h; Glycosylated hemoglobin (HbAlc) was 6.1%, and blood glucose
(Glu) was 13.8 mmol/L; The results of liver and kidney function showed that alanine aminotransferase (ALT) was 22 U/
L, aspartate aminotransferase (AST) was 42 U/L, globulin (GLO) was 48.9 g/L, albumin (ALB) was 33.6 g/L, total
bilirubin (TBIL) was 24.8 umol/L, and direct bilirubin (DBIL) was 13.2 pmol/L; There was no obvious abnormality in
urine routine; Coagulation function showed that prothrombin time (PT) was 15.8 s, prothrombin activity (PTA) was
69.0%, international normalized ratio (INR) was 1.29, and D-D dimer was 0.34 pg/mL FEU; Serum (1,3)-B-D glucan test
(G test) was 134.13 pg/mL; Galactomannan test (GM test) was 0.12; Normal oral microbiota in sputum culture; The
pathological report of percutaneous lung puncture in the upper right lung of our hospital still shows chronic granulo-
matous inflammation, which is considered as cryptococcal infection.

Treatment and Outcome
According to the preliminary diagnostic results, upon admission, fluconazole injection 0.4 g ivgtt qd was administered for
antifungal treatment, as well as cough and hemostasis related treatments. The time line of antibacterial treatment is
shown in Figure 1. At the same time, improve relevant examinations such as bronchoscopy, chest CT, sputum culture,
GM test, G-test, acid fast staining, Tuberculous infection of T cell spot test (T-SPOT), oral glucose tolerance test
(OGTT), abdominal ultrasound, etc.

On the 2nd to 14th day after admission, 0.4 g qd of moxifloxacin injection combined with 4 g bid of cefoperazone
sodium and tazobactam sodium for injection was added to cover bacterial infection. The patient still presents low fever in
the afternoon, cough, expectoration and hemoptysis. Bronchoscopy showed possible bronchopulmonary hemorrhage,
with localized protrusion of the mucosa on the posterior wall of the left main bronchus. Chest CT has suggested bilateral
lung infection, considering fungal infection. The related images are shown in Figure 2A—C. Cerebrospinal fluid (routine,
biochemical, culture) and related immune diseases all showed no abnormalities; Both glycosylated hemoglobin and
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Table | The Laboratory Indexes of the Patient on

Admission

Index, Unit Value Index, Unit Value
WBC, xI10°/L | 6.24 GLO, g/L 4891
Neut, % 69.9 ALB, g/L 33.6

Lym, x10%/L 1.39 TBIL, pumol/L 248

RBC, x10'%/L | 4.02) DBIL, pmol/L 13.2

HGB, g/L 110.0] PT, s 15.87
CRP, mg/L 10.41 PTA, % 69.0]
ESR, mm/h 531 INR 1.291
HbAlc, % 6.11 D-D dimer, ug/mL FEU | 0.34

Glu, mmol/L 13.81 G test, pg/mL 134.13
ALT, U/L 22 GM test 0.12

AST, U/L 421 / /

Notes: The normal reference range: White blood cell count (WBC):
(3.50-9.50)x10%/L; The percentage of Neutrophils (Neut%): 40.0%
~75.0%; Lymphocyte (Lym): (1.10-3.20)x10%/L; Red blood cell (RBC):
(4.30-5.80)x10'%/L; Hemoglobin (HGB): 130.0-175.0 g/L; C-reactive
protein (CRP): >10 mg/L Suggest possible infection or inflammation;
Erythrocyte sedimentation rate (ESR): (0.00-15.00) mm/h; Glycosylated
hemoglobin (HbAc): 4.0%-6.0%; Blood glucose (Glu): (4.4-6.1)mmol/L;
Alanine aminotransferase (ALT): (0—41)U/L; Alanine aminotransferase
(AST): (0-40)U/L; Globulin (GLO): (20-35) g/L; Albumin (ALB): (35—
52)g/L; Total Bilirubin (TBIL): (0-26)umol/L; Direct Bilirubin (DBIL):
(0-8.0)umol/L; Prothrombin time (PT): |1.5 s-14.5 s; Prothrombin activ-
ity (PTA): 75.0%-125.0%; International normalized ratio (INR): 0.80-1.20;
D-D dimer: <0.5 pug/mL FEU; Serum (1,3)-B-D glucan test (G test): <70
pg/mL negative, 70-95 pg/mL uncertain, >95 pg/mL positive;
Galactomannan test (GM test): <0.5 negative, 20.5 positive. 1: Above
the normal reference range. |: Below the normal reference range.

OGTT supported the diagnosis of type 2 diabetes. Abdominal B-ultrasound showed the thickening of liver parenchyma
light spots, multiple gallstones in the gallbladder, and splenomegaly.

On the 9th day, the patient’s symptoms were not relieved, and C. neoformans was detected in sputum and lavage fluid
culture of fiberoptic bronchoscope. Drug sensitivity indicated that amphotericin B, 5- fluorocytosine, fluconazole
(MIC=2), itraconazole, and voriconazole were all sensitive, cerebrospinal fluid was stained with ink (-), and C. infection
was diagnosed.

On the 10th day after admission, the patient’s symptoms were still not significantly relieved. A follow-up chest CT scan
showed no significant absorption of infection foci in both lungs, indicating poor anti-infection control. After consultation with
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Figure | The timeline of the treatment.
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Figure 2 A computed tomography (CT) scan revealed multiple pulmonary nodules, ground-glass opacities in both lungs, and cavity in the right upper lung when the patient
just to be hospitalized (A-C); A computed tomography (CT) scan conducted 4 months after discharged from hospital revealed multiple pulmonary nodules, cavity had
diminished, and ground-glass opacities had decreased a lot in both lungs (D-F).

clinical pharmacists, combined with the patient’s medical history and related examination results, considering the patient’s
high body mass index, the dosage of fluconazole was adjusted to 800 mg ivgtt qd, and the liver and kidney function and
adverse drug reactions of the patient were closely monitored. The changes in liver and kidney function indexes are shown in
Table 2. Three days after the dosage was adjusted, the patient stopped hemoptysis. Five days later, on the 14th day of
admission, the patient’s low fever frequency decreased in the afternoon, and cough and sputum were significantly relieved.
There were no obvious abnormalities in the blood routine examination, indicating a low possibility of bacterial infection.
Moxifloxacin, and cefoperazone sodium and tazobactam sodium were gradually discontinued. Re-examination of CT liver
portal vein imaging showed cirrhosis, splenomegaly, portal hypertension, gastric varicose veins, and open umbilical vein;
Gallstones and edema of the gallbladder wall. Considering the liver function was in the normal range, and the chest CT had not
shown any improvement, the dose of fluconazole did not adjust immediately. On the 29th day after admission, the patient’s
symptoms improved and he was discharged and continued to receive fluconazole 600 mg/d as a maintenance dose.

Four months after discharge, a follow-up chest CT scan at the outpatient department showed a reduction in solid
infectious lesions (Figure 2D—F), with no significant abnormalities in blood routine and liver function.

Discussion

There is still a lack of rapid and simple diagnostic methods for cryptococcosis, and its clinical manifestations and
imaging examination are not specific, while it is of great significance to find fungi directly through histopathological
examination. Finding Cryptococcus from diseased tissues is the current gold standard for diagnosis''®'”. If the patient
has typical imaging manifestations of pulmonary infection, Cryptococcus antigen exists in serum, and sputum and
alveolar lavage fluid smear or culture are positive, it can be clinically diagnosed as pulmonary cryptococcosis. According

to the clinical manifestations, imaging, microbiological, and histopathological examination results, this case is considered
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Table 2 Changes of Liver and Kidney Function Indexes Before and After
Fluconazole Dose Adjustment

Index, Unit Timeline of Treatment, Day (Dose, mg)
|1 (400) | 10 (800) | 16 (800) | 22 (800) | 46 (600)

ALT, U/L 22 34 31 31 29
AST, U/L 421 571 471 511 571
ALB, g/L 33.6] 349] 326] 33.5) 374
TBIL, pmol/L 248 14.6 14.8 13.2 18.4
DBIL, umol/L 13.21 8.37 7.5 7.3 91
ALP, U/L 66 62 6l 57 59
GGT, UL 1027 1341 1451 1441 |14
LDH, U/L 164 135 143 165 175
Cr, umol/L 53] 53] 53] 47| 48|
eGFR, mL/min/1.73 m? 121.5 121.5 121.5 127.6 /

Notes: The normal reference range: Alanine aminotransferase (ALT): (0—41) U/L; Alanine amino-

transferase (AST): (0—40) U/L; Albumin (ALB): (35-52) g/L; Total Bilirubin (TBIL): (0-26) umol/L;

Direct Bilirubin (DBIL): (0-8.0) umol/L; Alkaline phosphatase (ALP): (40-130) U/L; Gamma-

glutamyl transferase (GGT): (10-71) U/L; Lactate dehydrogenase (LDH): (135-225) UI/L;

Creatinine (Cr): (59-104) umol/L; Estimated Glomerular Filtration Rate (eGFR): >90 mL/min/

1.73 m2. 1: Above the normal reference range. |: Below the normal reference range.
pulmonary cryptococcosis, though this case does not have a clear history of contact with pigeons and other birds as
a high-risk factor’. The examination result showed no central nervous system infection and no respiratory failure.

Therefore, according to IDSA’s recommendation and a guideline'™®'"”

, the patient was treated according to mild to
moderate lung infection, starting with a conventional dose of 400 mg/d fluconazole injection for antifungal treatment.
Later, type 2 diabetes and cirrhosis were found in the examination, both of which were susceptible factors of

20723 "and were also factors to consider in the adjustment of drug dosage in the later period.

cryptococcosis

Diabetes mellitus is one of the most common susceptible factors of cryptococcosis in HIV-negative individuals,
accounting for 10-20% of the underlying diseases of cryptococcosis patients.** 2’ Hyperglycemia can lead to the deficiency
of the host immune system, make diabetic patients susceptible to opportunistic infections such as cryptococcosis, and also
aggravate the degree of infection and affect the prognosis®*. A study in the Chinese mainland found that 62% of the
infected people had type 2 diabetes before infection®”. Another study in Taiwan Province, China, found that type 2 diabetes
was related to cryptococcosis and cryptococcosis meningitis in one year and overall mortality*®. The patient was newly
diagnosed with type 2 diabetes after admission, and his blood sugar level was not controlled before admission, which may
be one of the susceptible factors. It may also be one of the reasons for the poor anti-infection effect of fluconazole.

Concomitant liver disease is another susceptible factor for cryptococcosis.” Liver disease predisposes individuals to
invasive fungal infections (IFI), including acute liver failure, severe alcohol-related hepatitis (AH), decompensated
cirrhosis, and liver transplantation.®® In patients with decompensated cirrhosis, 10% can be complicated with IFI, while
in liver transplant recipients, the proportion can reach 40%.' The risk of developing IFI in patients with liver cirrhosis is
directly proportional to the severity of the liver disease. In compensated cirrhosis, the incidence of IFI is lower than that
of bacterial infections. However, in patients with decompensated cirrhosis or critically ill, the incidence of IFI can be as
high as 10-14%>°, among which Cryptococcus infection ranks third.*'~*

Fluconazole has a wide range of doses in clinical application, and the label recommends a commonly used dose range
of 50400 mg/d. When treating cryptococcal infections, the recommended dosage according to relevant guidelines can
range from 200 mg/d to 2000 mg/d based on the scope and severity of the infection'®. The patient’s risk factors were
clear, and based on clinical manifestations, pathology, and imaging results, it was determined to be a pulmonary
cryptococcal infection. A half-month course of antifungal treatment was conducted before admission, but there was no
significant effect. Later, he was admitted to our hospital for further antifungal treatment. Due to the limited clinical
application and research data on fluconazole, a relatively high dosage of 400 mg/d was determined based on other

medication experiences, combined with a high level of blood glucose and liver clinical manifestations. Moxifloxacin, and
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cefoperazone sodium and tazobactam sodium were gradually given as empirical treatments for possible hospital
infections. On the 9th day, Cryptococcus neoformans was detected in the sputum and lavage fluid of the fiberoptic
bronchoscope, and Cryptococcus infection was confirmed. The MIC of fluconazole was 2. The early treatment direction
was correct, but the conventional doses of fluconazole combined with moxifloxacin and cefoperazone sodium tazobactam
sodium did not significantly alleviate symptoms.

Further analysis, the underlying reason may also be related to obesity. Obesity can lead to changes in the pharmacokinetics
of fluconazole and even seriously affect the clinical efficacy'*~***. In the Asian population, BMI > 25 Kg/m? is obesity*>, and
this case not only has a BMI of 34.88 Kg/m?, which is morbid obesity but also has diabetes, both of which may lead to an
insufficient conventional dose of fluconazole. Generally, when calculating the drug dosage, the total weight is used in the
normal weight population. However, due to differences in weight composition, cardiac output, and regional blood flow
changes on different drugs, especially considering that most blood will flow directly through the lean tissue with rich blood
vessels, it is not appropriate to calculate the dosage directly based on total weight in obese patients*®. Compared to ideal
weight and body surface area, which cannot reflect the weight composition ratio of obese patients, lean bodyweight increases
disproportionately with total weight and is related to cardiac output. Therefore, it is more suitable for calculating medication
dosage in obese patients. Due to the increase of lean tissue, glomerular filtration and renal tubular secretion in obese patients,
the distribution range and volume of fluconazole will increase®’. Therefore, compared with normal-weight patients, the
steady-state serum concentration of fluconazole in obese patients is low, which may be related to the increase of Vd.>’

The Clinical and Laboratory Standards Institute (CLSI) has not yet established the breaking point standard of
antifungal drugs against Cryptococcus, therefore, this case mainly refers to the relevant breaking point of anti-
Candida. At present, the target parameters of PK/PD for anti-Candida include AUC/MIC > 25 which can produce an
antibacterial effect and AUC/MIC > 100 which can achieve a higher cure rate for sensitive strains'*. According to a study
of fluconazole in obese people, when MIC=2, the target value of AUC/MIC is set to 25, and then the loading dose is
400 mg/d, even if BMI reaches 40, it can reach the standard'®. However, the actual situation in this case is that at the
initial stage of treatment, the dose of fluconazole 400 mg/d did not achieve the expected effect. Therefore, the team
considered adjusting the target value to AUC/MIC > 100. The patient’s BMI was 34.88, and the calculated lean
bodyweight was 73.67 kg. According to the commonly used range of 6—12 mg/kg recommended by the guidelines,
the dose should be 442.03~884.07 mg, so only an 800 mg loading dose is possible to meet the standard. The treatment
experience of Cojutti et al also shows that when the loading dose of fluconazole is 800 mg/d and the maintenance dose is
500 mg/d, after three days, the C.x is 20.91 mg/L and the AUCq ,4/MIC is 1154, which can really achieve the
pharmacodynamic target (AUC,_,4/MIC > 100).**

Finally, the loading dose of fluconazole was determined to be 800 mg, and the liver and kidney functions were closely
monitored. The patient did not have hemoptysis after 3 days of dose adjustment, and his body temperature returned to
normal after 5 days. Considering that the patient had concurrent cirrhosis, after half a month of stable condition,
according to the study by Alobaid et al'®, the maintenance dose was set at 6-9 mg/kg, which was about 600 mg/d.
The patient underwent follow-up visits one and four months after discharge, and his condition was stable, so he continued

to take medicine until the focuses of infection in the lungs were completely absorbed.

Conclusion

This case suggests that when diagnosing HIV-negative pulmonary cryptococcosis, it is important to carefully investigate
the comorbidities in order to fully evaluate the degree and scope of infection and improve the treatment plan. When
fluconazole is used in obese patients, there should be accurate and well-based dose adjustment methods. It can be
considered to adjust the dosage based on weight, and it is recommended to use lean bodyweight for dose adjustment and
optimization. When the conventional dose of fluconazole is not effective in anti-pulmonary cryptococcal infection, we
can consider adjusting the loading dose with AUC/MIC > 100 as the target value, and the liver function should also be
considered in the subsequent maintenance dose plan. The accurate medication basis of fluconazole in the treatment of
cryptococcosis still needs to be obtained through high-quality pharmacokinetics and clinical studies.
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