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Introduction: The management of allergic bronchopulmonary aspergillosis (ABPA) is complicated by prolonged, multi-drug regi-
mens that carry a high risk of multi-system adverse drug reactions (ADRs). This complexity underscores the need for integrated,
continuous pharmaceutical care to optimize safety and efficacy, yet standardized models for such care are lacking.

Case Presentation: We report the case of a patient with ABPA and comorbid chronic hepatitis B, who had a history of failed ABPA
therapy. During the current therapeutic course, the patient not only sequentially developed steroid-induced diabetes, drug-induced liver
injury, hyperlactatemia, visual disturbances, phototoxicity, and hypokalemia but also progressed to treatment-dependent ABPA. The
patient successfully completed the over-two-year protocol through a pharmacist-led full-course pharmaceutical care model that
integrated regimen evaluation, efficacy monitoring, comprehensive adverse reaction management, discharge education, and follow-up.
Conclusion: This case demonstrates that a full-course pharmaceutical care model enables timely detection and management of
complex ADRs, optimizes therapeutic outcomes, and supports multidisciplinary decision-making. The model illustrates the pivotal
role of the clinical pharmacist in improving medication safety and efficacy in ABPA, offering a replicable framework for promoting
integrated, patient-centered care in pulmonary fungal diseases.
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Introduction

Allergic bronchopulmonary aspergillosis (ABPA) is a complex allergic disease caused by an immune response to
Aspergillus fumigatus (A. fumigatus)." ABPA involves a hypersensitivity response that encompasses both an
A. fumigatus-specific IgE-mediated type I reaction and an IgG-mediated type III reaction.” The global prevalence of
ABPA in adults with asthma is estimated at 2.5%.> Due to atypical clinical symptoms and the need for specialized
immunological and microbiological tests, ABPA is often misdiagnosed, diagnosed late, or treated improperly, leading to
irreversible bronchopulmonary damage.? Given the atypical presentations, prolonged multi-drug therapies, and high risk
of multi-system adverse drug reactions (ADRs) in ABPA, there is a critical need for full-course pharmaceutical care. This
model is defined as a comprehensive, medication-related service that spans the entire healthcare process, aiming to
improve patient quality of life.* This report details the clinical course of a patient with ABPA and chronic hepatitis B
(CHB) who, amidst a two-year therapeutic course, developed multi-system ADRs and progressed to treatment-dependent

ABPA. It outlines the pharmacist-led, full-course interventions that successfully navigated these challenges. The study
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aims to provide a practical framework for optimizing the management of such complex cases and for advancing the role
of clinical pharmacists within multidisciplinary teams.

Case Presentation

A 42-year-old male weighing 78 kg was diagnosed with bronchial asthma over a decade ago. Three months prior, the
patient experienced worsening dyspnea, especially after activity, accompanied by increased white frothy sputum. A chest
CT showed bronchiectasis with infection. The diagnosis was ABPA. The patient was initially treated with voriconazole
(VCZ) 200 mg twice daily but discontinued due to elevated liver enzymes. Two weeks before admission, the patient’s
dyspnea worsened, occurring even with mild activity and slightly relieved at rest. He was admitted on September 29,
2022. He had a history of hypertension for over two years, regularly taking levamlodipine besylate 2.5 mg daily, and
CHB. On admission, vital signs were stable, and physical examination revealed coarse breath sounds without rales.
Laboratory tests showed Aspergillus-specific 1gG >500 AU/mL (June 21, 2022), eosinophil count was 4.96x10°/L
(September 29, 2022), Ig >2500 IU/mL (September 30, 2022), Aspergillus-specific IgE 26.6 AU/mL (October 1,
2022), and sputum culture positive for A. fumigatus (October 11, 2022). The diagnosis included: O ABPA; @ CHB; ®
Grade 1 hypertension (high risk); @® Fatty liver; ® Gallstones; (&) Prostatic calcification.

The treatment plan included glucocorticoids to suppress the allergic response to Aspergillus and antifungal drugs to
clear airway colonization, preventing irreversible bronchial and lung damage. Given the patient’s history of CHB and
fatty liver, and previous drug-induced liver injury, the clinical pharmacist recommended methylprednisolone, which does
not require hepatic metabolism, at an equivalent dose of 0.4 mg/kg. The physician adopted this recommendation, and the
patient was started on methylprednisolone 16 mg twice daily on September 29, 2022. Following a prior episode of self-
discontinued VCZ due to elevated liver enzymes, which occurred without TDM or clinical pharmacist input,
a maintenance dose of 200 mg ql2h was therefore started on September 29, 2022. TDM for VCZ was recommended
seven days after starting treatment by the clinical pharmacist, with a target trough concentration of 0.5-5 mg/L. On
October 12, 2022, the patient’s VCZ trough concentration was 3.6 mg/L, which was within the therapeutic range and
correlated with clinical improvement in the patient’s respiratory distress. On September 30, 2022, quantitative hepatitis
B serology showed only positive HBeAg and HBcAb, with HBV-DNA below the lower limit of detection. Given the
patient’s history of CHB and the need for long-term glucocorticoid therapy, the hepatology department recommended
entecavir 0.5 mg once daily to prevent HBV reactivation, with regular monitoring of liver function, HBV serology, and
HBV-DNA every 3—6 months. The clinical pharmacist concurred with this recommendation and assumed responsibility
for monitoring medication safety.

The clinical pharmacist monitored blood glucose, blood pressure, and weight to assess and manage glucocorticoid-
related complications. On September 30, 2022, HbAlc was 6.1%, and preprandial blood glucose levels were elevated,
consistent with steroid-induced diabetes. As methylprednisolone therapy could not be discontinued, glycemic control was
achieved through a series of regimen adjustments: initial management with metformin, followed by miglitol, and
ultimately a combination of insulin glargine and insulin aspart. This sequential therapy successfully maintained FBG
at 47 mmol/L and PBG at 5-10 mmol/L. Blood pressure was controlled with levamlodipine 2.5 mg daily, ranging from
120/80 to 140/90 mmHg.

In view of the patient’s history of self-discontinuing VCZ due to elevated transaminases, the clinical pharmacist
closely monitored liver function throughout the subsequent treatment course. On October 25, 2022, the patient developed
elevated ALT (136 U/L) after 27 days of VCZ therapy, consistent with drug-induced liver injury. The VCZ trough
concentration was 2.18 pg/mL. The patient was treated with reduced glutathione and compound glycyrrhizin tablets,
leading to significant improvement in liver function, with normalization achieved by November 23, 2022.

The patient developed steroid-induced diabetes and was started on metformin 500 mg twice daily on October 3, 2022.
On October 6, 2022, entecavir 0.5 mg nightly was initiated for CHB. Against the background of the patient’s impaired
liver function, and in light of the additional risk posed by the concomitant use of metformin and entecavir, the clinical
pharmacist closely monitored lactate levels. On October 25, 2022, the patient’s laboratory results showed a lactate level
of 3.75 mmol/L and a pH of 7.43, meeting the diagnostic criteria for hyperlactatemia. On the premise that all nucleoside
analogs (NAs) can precipitate hyperlactatemia, and considering the substitutable nature of metformin, a switch to miglitol
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was recommended. However, after metformin cessation, the patient’s lactate levels continued to rise. The clinical
pharmacist accordingly advised the discontinuation of entecavir along with fluid resuscitation. The physician endorsed
this recommendation. Following the cessation of entecavir on November 3, 2022, the lactate level decreased to
1.81 mmol/L by November 15, 2022.

On November 1, 2022, the patient reported blurred vision after 33 days of VCZ therapy. On November 4, 2022, the
VCZ trough concentration was 2.18 ug/mL. The clinical pharmacist attributed the visual disturbance to VCZ. Without
any intervention, the patient experienced spontaneous resolution or improvement after close observation.

Later, on January 11, 2023, gray-black pigmentation developed in sun-exposed areas after 43 days of VCZ therapy.
Recognizing this as VCZ-associated phototoxicity, the clinical pharmacist advised proactive sun protection measures,
such as regular sunscreen use, wearing hats, and avoiding direct sunlight, to mitigate progression. Skin pigmentation
gradually improved after VCZ discontinuation.

To address this VCZ-induced liver dysfunction, treatment with compound glycyrrhizin tablets was initiated on
October 25, 2022. The clinical pharmacist proactively monitored electrolyte levels, particularly potassium, in light of
the known hypokalemia risks associated with VCZ, methylprednisolone, and compound glycyrrhizin. On February 7,
2023, monitoring revealed significant hypokalemia (potassium 2.86 mmol/L). In response, the clinical pharmacist
recommended a dual strategy: substituting compound glycyrrhizin with bicyclol and initiating potassium supplementa-
tion. Following the implementation of these recommendations, serum potassium levels stabilized and were maintained at
approximately 3.5 mmol/L thereafter.

The clinical pharmacist provided comprehensive discharge education and, jointly with the physician, executed
a structured follow-up plan that included monitoring of symptoms, serum IgE, and imaging findings. Subsequently,
the pharmacist meticulously documented the ensuing clinical evolution and treatment response. The patient completed
a six-month course of VCZ and stopped on April 14, 2023. While on methylprednisolone 8 mg daily, IgE decreased to
539 IU/mL by April 14, 2023. During the first tapering of steroid, IgE levels gradually increased, rising to 722 IU/mL on
May 11, 2023, and further to 1775 IU/mL on June 5, 2023. Similarly, during the second tapering of steroid, IgE levels
continued to rise, increasing to 1260 IU/mL on February 28, 2024, and 1649 IU/mL on March 28, 2024. Each of the two
attempts to reduce the dose of methylprednisolone was accompanied by an approximately 50% rise in serum total IgE
over 4 weeks. Based on this clinical course consistent with treatment-dependent ABPA, the clinical pharmacist
recommended omalizumab 375 mg subcutaneously every two weeks, which was approved by the physician. Notably,
the serum total IgE level decreased by more than 50% within the first month of omalizumab therapy, and no drug-related
adverse effects were observed during the treatment course.

Discussion

A. fumigatus is a thermotolerant fungus that can grow in both environmental and body temperatures. Adults inhale
approximately 100 A. fumigatus conidia daily, which are about 2.5 pm in diameter and immunologically inert, allowing
them to bypass upper respiratory defenses and reach the alveoli, where they germinate into hyphae and become trapped
in bronchial mucus plugs.” The pathogenesis of ABPA remains unclear, but host genetic susceptibility is considered
a major factor, with polymorphisms in innate immune response pathways detected in ABPA patients.® Studies have
shown that surfactant protein A2 (SPA2), Toll-like receptors (TLRs) 4 and 9, and HLA-DR2 and DRS5 genotypes alter
susceptibility to ABPA.”” The shedding of 4. fumigatus conidia produces p-D-glucan, galactomannan, fungal nucleic
acids, and proteases, which stimulate type 2 innate lymphoid cells (ILC2s) to secrete large amounts of type 2 cytokines,
promoting adaptive immune responses.'® The persistent presence of A. fumigatus in the airways and the combined innate
and adaptive immune responses lead to airway inflammation dominated by eosinophils, airway hyperresponsiveness,
elevated IgE, and mucus production in patients with ABPA. The radiographic manifestations of ABPA may present with
a range of findings, from transient, recurrent, and migratory pulmonary infiltrates to permanent architectural damage.”
The clinical presentation of ABPA is often atypical, including poorly controlled asthma, fever, hemoptysis, fatigue, or
even an absence of symptoms. This can easily be masked by the underlying primary disease. A comprehensive under-
standing of the pathogenesis, imaging features, clinical manifestations, diagnostic criteria, and main pathogens of ABPA
forms the essential knowledge base that enables the clinical pharmacist to actively participate in evaluating and
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optimizing treatment strategies, as demonstrated in the management of the present case. Building upon this fundamental
understanding of the disease pathogenesis, the core objectives of clinical management are to effectively control the
immune-inflammatory response and eradicate fungal colonization in the airways.

Oral glucocorticoids are the cornerstone of ABPA treatment. Early use can effectively suppress Aspergillus-induced
inflammation, preventing or reducing bronchiectasis and pulmonary fibrosis. The expert consensus recommends pre-
dnisone at an initial dose of 0.5 mg/kg once daily for two weeks, followed by gradual tapering.” A randomised trial of
glucocorticoids in acute-stage ABPA complicating asthma demonstrated the efficacy and safety of moderate-dose
methylprednisolone.!' However, their use necessitates careful risk mitigation in patients with comorbidities such as
CHB, the most significant comorbidity influencing pharmacotherapy decisions in this case. Glucocorticoids are immu-
nosuppressive and can cause HBV reactivation, which may progress to liver failure. Anti-HBs levels are associated with
HBV reactivation risk, with a 14% risk in anti-HBs-positive patients.'?

ABPA is a hypersensitivity reaction to 4. fumigatus, rarely caused by other fungi. A. fumigatus is a ubiquitous
environmental pathogen whose small spores can reach the alveoli and persist in the airways through hyphal growth,
contributing to chronic disease.'* While glucocorticoids can rapidly alleviate symptoms, they do not inhibit 4. fumigatus
growth or reduce allergen load. Antifungal drugs can reduce fungal burden, decreasing ongoing inflammation from
Aspergillus antigens. Combined antifungal therapy can reduce glucocorticoid use, with a lower acute exacerbation rate
within one year compared to glucocorticoid monotherapy.'* ABPA responds to triazole antifungals, with approximately
60% of patients responding to itraconazole (ITZ) and 80% to VCZ and posaconazole.'> ITZ is available in capsule and
oral solution forms, with the oral solution having higher bioavailability. ITZ has nonlinear pharmacokinetics and
significant interindividual variability, requiring therapeutic drug monitoring (TDM). The intraclass analysis of correlation
between different triazoles and DILI showed the following ranking: itraconazole (5.06; 4.58-5.60) > VCZ (4.58;
4.29-4.90) > posaconazole (3.99; 3.47-4.59) > fluconazole (3.19; 2.93-3.47) > ketoconazole (2.28; 1.96-2.64).'° vCz
and systemic glucocorticoids are equally effective in achieving short-term remission and preventing ABPA
exacerbations.!” Newer azoles (posaconazole, isavuconazole) have also been evaluated for ABPA but are typically
reserved for patients unresponsive or intolerant to ITZ due to higher costs.'®'” Due to supply instability and lack of TDM
for ITZ at our hospital, VCZ was used as an alternative. When administering a loading dose, monitoring of VCZ trough
concentrations should be performed, with the first blood sample drawn no earlier than before the fifth dose.”’ Without
a loading dose, VCZ reaches steady-state levels within 47 days.”°

Once the combined therapeutic strategy of glucocorticoids and antifungal agents was established, the key to ensuring
its safe and effective execution lay in anticipating and managing the attendant risk of multi-system ADRs. Drawing on
a profound understanding of the adverse reaction spectrum, its mechanisms, and the patient’s individual risk factors, the
clinical pharmacist identified the core monitoring aspects for ABPA treatment. As outlined in Table 1, the clinical
pharmacist provided proactive monitoring and counseling, explaining the rationale for surveillance and reassuring
patients that most adverse effects are manageable. Through this proactive approach and encouraging active reporting
by patients, treatment regimens can be promptly adjusted to reduce self-discontinuation of medication due to adverse
reactions, thereby improving clinical efficacy and medication adherence. Over a two-year therapeutic course, the patient
sequentially developed steroid-induced diabetes, drug-induced liver injury, hyperlactatemia, visual disturbances, photo-
toxicity, and hypokalemia.

Asians have a higher prevalence of CYP2C19 poor metabolism and are more susceptible to VCZ-induced hepato-
toxicity. The incidence of VCZ-related liver injury is 8.3%, with a median onset of 11 days (range 4-28 days),
predominantly presenting as elevated ALT.?' Most cases are mild to moderate, and liver function typically normalizes
with continued VCZ and hepatoprotective therapy.?' The VCZ individualized medication guideline®® indicates that VCZ
trough concentrations are significantly associated with hepatotoxicity, with lower rates in Asians with trough concentra-
tions <5 mg/L. However, real-world studies show that even with TDM-guided dosing, hepatotoxicity rates remain
relatively high, suggesting that VCZ-induced liver injury may be idiosyncratic.”* The mechanism of VCZ-induced liver
injury is associated with oxidative stress, leading to cellular dysfunction and subsequent disturbances in energy
metabolism, urea cycle, and nucleotide metabolism.?® Patients with VCZ-induced hepatotoxicity also exhibit correspond-
ing compensatory protective responses, including cellular repair, energy production, and alteration to bile acid
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Table | Timeline of Key Adverse Events and Pharmacist Interventions

Timepoint Key Adverse Laboratory Results Clinical Pharmacist’s Action Clinical Outcomes
Events (Reference Values)
2022-09-30 Hyperglycemia HbAlc 6.1% (4-6%); FBG | Following identification, facilitated collaborative adjustment of the glucose-lowering FBG maintained at 4-7 mmol/L; PBG
7—-12 mmol/L regimen with the physician and conducted ongoing monitoring of glycemic levels. maintained at 5-10 mmol/L.
(3.9-6.1 mmol/L)
2022-10-25 Drug-Induced ALT 136 U/L (<50 U/L) The liver injury was attributed to VCZ, despite its trough concentration being within the | ALT gradually decreased and returned to
Liver Injury therapeutic range. Following the initiation of hepatoprotective agents, liver function was normal by November 23, 2022.
closely monitored.

2022-10-25 Hyperlactatemia | Lactate 3.75 mmol/L Hyperlactatemia was attributed to hepatic insufficiency, compounded by the concurrent The lactate level decreased to
(0.7-2.1 mmol/L); PH use of metformin and entecavir. Recommended discontinuing metformin (switching to 1.81 mmol/L by November 15, 2022.
7.43(7.35-7.45) miglitol) and fluid resuscitation. As lactate levels continued to rise, advised stopping

entecavir and closely monitored lactate.
2022-11-01 Visual VCZ Trough 2.18 pg/mL | Identified VCZ as the cause, despite therapeutic levels. Counseled the patient on the Symptoms resolved or improved
Disturbance (0.5-5 pg/mL) typically transient nature of this adverse effect and recommended close observation spontaneously.
without active intervention.
2023-01-11 Skin / Attributed the pigmentation to VCZ. Advised the patient on strict sun protection Skin pigmentation gradually improved
Pigmentation measures (eg, sunscreen, protective clothing) and continued monitoring. after VCZ discontinuation.

2023-02-07 Hypokalemia Potassium 2.86 mmol/L Identified the cause as a combination of VCZ, methylprednisolone, and compound Serum potassium was maintained at
(3.5-5.3 mmol/L) glycyrrhizin tablets. Recommended discontinuing glycyrrhizin, switching to bicyclol, and approximately 3.5 mmol/L.

initiating potassium supplementation, with close monitoring.

Abbreviations: HbAc, glycated hemoglobin; FBG, Fasting Blood Glucose; PBG, Postprandial Blood Glucose; ALT, alanine transaminase; VCZ, voriconazole.
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homeostasis.”* Reduced fatty acids oxidation and bile acid excretion may also serve as potential mechanisms underlying
VCZ-associated hepatotoxicity.?

Fluid resuscitation is a crucial therapeutic intervention for hyperlactatemia. A prospective study”® found that patients
with decompensated cirrhosis or liver dysfunction treated with nucleos(t)ide analogs (NAs) are at higher risk of lactic
acidosis, requiring close monitoring. The mechanism of NA-induced lactic acidosis is not fully understood but may
involve mitochondrial DNA depletion, impaired oxidative phosphorylation, and increased anaerobic glycolysis.?® In
patients with normal hepatic and renal function, long-term use of metformin does not increase the risk of lactic acidosis,
and its incidence with appropriate metformin therapy is comparable to that of other glucose-lowering treatments.?’

Visual disturbances are common with VCZ, occurring in approximately 30% of patients, and include photophobia,
blurred vision, color vision changes, and visual field defects.”® These effects can induce anxiety, fear, and increase the
risk of falls and bed falls. Visual disturbances typically occur early in VCZ therapy, with considerable variability in the
onset and duration of these effects among different patients.’ The association between VCZ serum concentrations and
the incidence of visual disturbances remains uncertain.>® The mechanism of VCZ-induced visual disturbances may
involve reversible dysfunction of retinal bipolar cells.*'** VCZ-induced visual disturbances are usually reversible and
transient, with a favorable prognosis.

VCZ-related skin reactions occur in approximately 20% of patients, with phototoxicity affecting over 40% of patients
after 4-6 months of use, primarily manifesting as photosensitivity reactions, actinic keratosis, pseudoporphyria, and
photodermatitis.*® In severe cases, squamous cell carcinoma and neuroendocrine carcinoma of the skin can occur.*® The
mechanisms underlying VCZ-induced pigmentation are likely multifactorial and may involve adrenal insufficiency,
CYP3A4-mediated inhibition of retinoic acid metabolism, and the photosensitizing properties of VCZ metabolites.** 3¢
Skin cancer induction by VCZ is caused by impaired DNA damage detection due to chromatin compaction.”

Hypokalemia is a risk factor for QT prolongation, which can lead to torsades de pointes, ventricular fibrillation, and
sudden death. Glycyrrhizin inhibits 11p-hydroxysteroid dehydrogenase 2, leading to cortisol-induced mineralocorticoid
receptor activation, sodium retention, and potassium loss.*® VCZ-related hypokalemia occurs in 18.0% of patients, with
81.2% occurring within 14 days and 56.2% within one week, more commonly in females, those receiving intravenous
VCZ, and those on concomitant antibiotics.?” The ratio of VCZ N-oxide (VNO) to VCZ trough concentration may reflect
VCZ clearance, with reduced clearance being a risk factor for hypokalemia, suggesting routine monitoring of VNO
trough concentrations.** The mechanisms underlying VCZ-induced hypokalemia are not fully elucidated.

Treatment-dependent ABPA is defined as two or more ABPA exacerbations within three months of stopping
glucocorticoids or after two attempts at tapering oral steroids, with worsening respiratory symptoms, imaging findings,
or a 50% increase in serum total IgE within four weeks.*® ABPA is associated with elevated IgE, and omalizumab may
help stabilize treatment-dependent ABPA. Omalizumab improves symptoms, reduces asthma exacerbations and hospi-
talizations, improves lung function, and reduces oral steroid use in ABPA.*' A Chinese multicenter study found that
omalizumab effectively reduces acute exacerbation frequency and necessary glucocorticoid doses in adult ABPA patients
with asthma, with age and BMI potentially influencing treatment outcomes.*?

The eventual treatment outcome was satisfactory, an achievement underpinned by the clinical pharmacist’s provision
of full-course pharmaceutical care. Using this case as an exemplar, this paper delineates and summarizes an efficient,
multi-dimensional pharmaceutical care model for ABPA patients.

Recent years have witnessed rapid development of full-course pharmaceutical care in China, particularly in
chronic disease management, with growing exploration of specialized care models for specific diseases.” In this
case, the full-course model was operationalized by integrating early pharmaceutical assessment, in-hospital monitor-
ing, and post-discharge follow-up into a seamless continuum of care, with comprehensiveness and continuity as its
guiding principles. Through systematic exploration and practice, clinical pharmacists have preliminarily established
a full-course pharmaceutical care model for ABPA (see Figure 1 for workflow). In practice, clinical pharmacist
multidisciplinary team interaction is dynamic and needs-based. Primary communication modalities include informal
daily communication during ward rounds, formal pharmaceutical consultations, and scheduled multidisciplinary team
(MDT) meetings, with communication frequency intrinsically linked to patients’ clinical status. Through compre-
hensive involvement in ABPA treatment management, clinical pharmacists facilitate early identification and
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Figure | Full-course pharmaceutical care model for patients with allergic bronchopulmonary aspergillosis (ABPA), illustrating each stage from clinical assessment and
therapeutic regimen evaluation to monitoring, education, and follow-up.

intervention of ADRs, timely optimization of therapeutic regimens, and significant enhancement of pharmacotherapy
safety/efficacy, patient compliance, and rational medication use. Emerging evidence indicates that the application of
pharmacist-led, structured quality improvement approaches can effectively optimize therapeutic regimens, enhance
multidisciplinary collaboration, and improve the safety and efficacy of clinical pharmacotherapy.*® However,
standardized evaluation criteria and assessment systems for full-course pharmaceutical care models have not yet
been specified in detail. The absence of unified standards has led to independent exploration based on local
practices, resulting in variable quality of pharmaceutical care services and a need for improved homogeneity across

implementations.

Conclusion

The treatment duration for ABPA varies based on disease severity, typically exceeding six months. This complex and
prolonged treatment process represents a critical area for clinical pharmacists to integrate into clinical teams, demonstrate
specialized expertise, and serves as a key entry point for advancing high-quality pharmaceutical care. It fully demon-
strates the value of pharmacists in patient management.

The pharmacist-led, full-course care model ensures continuous, comprehensive pharmaceutical support across all
treatment phases through early medication evaluation at admission, dynamic in-hospital monitoring with personalized
guidance, and structured post-discharge follow-up that extends into community and home settings. This integrated
approach enhances medication safety and efficacy, thereby improving patient quality of life.

This model underscores the indispensable role of the clinical pharmacist in enhancing the safety and efficacy of
pharmacotherapy for complex respiratory conditions like ABPA. It provides a replicable framework for implementing
structured pharmaceutical care in pulmonary fungal diseases and highlights a strategic pathway for advancing high-
quality, patient-centered pharmacy services within multidisciplinary teams.
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CT, computed tomography; IgG, immunoglobulin G; ALT, alanine transaminase; HbAlc, glycated hemoglobin; IgE,

immunoglobulin E; DILI, drug-induced liver injury; FBG, Fasting Blood Glucose; PBG, Postprandial Blood Glucose;
CHB, Chronic hepatitis B.
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