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Abstract
Background and Purpose: Invasive mucormycosis is a fatal disease caused by Mucorales species. Treatment therapy for CAM includes aggressive surgical debridement and systemic antifungals in Amphotericin B and Posaconazole as step-down therapy in the follow-up period. Despite being on oral antifungal Posaconazole therapy, patients have been observed to have a recurrence of mucormycosis in the follow-up period.
Experimental Approach: An ambispective cohort study was done in the department of ENT and Pharmacology of All India Institute of Medical Sciences (AIIMS), Bhubaneswar, from April 2021 to September 2022. It includes patients on follow-up on the step-down therapy of Posaconazole. Medication adherence was measured based on the half-life of Posaconazole and participants not skipping a single dose. 
Key Results: The demographic data between the recurrence and non-recurrence groups, including age, sex and duration of stay, was not significant. Recurrence in mucormycosis was not found to be associated with medication adherence. By both methods of calculating medication adherence, the results were statistically insignificant. The difference in onset of recurrence of the disease between the two groups was statistically significant, with a p-value of 0.027 in patients who did not skip a single dose of Posaconazole with a hazard ratio of 3.887. There was a statistically significant difference in cost-effective analysis with a p-value of 0.042 between groups.
Conclusion and Implications: Posaconazole medication adherence in the postoperative period does not affect the recurrence of mucormycosis during step-down therapy. However, it helps prolong the onset of disease recurrence in patients adhering to the medication.



Manuscript:
Introduction:
Invasive mucormycosis is a rapidly progressive disease associated with angioinvasion and infarction. These fungi are pauciseptate organisms with septations at irregular intervals causing perineural invasion(1). In a review of 929 cases of mucormycosis, sinuses were the most commonly affected site, followed by pulmonary and cutaneous forms of mucormycosis. Diabetes mellitus was the most common underlying immunocompromised state leading to mucormycosis(2),(3). The estimated prevalence of mucormycosis is 70 times higher in India than in global data. During the second wave of COVID-19 infection, cases of mucormycosis were rampant in India(4). Globally, Rhizopus arrhizus is the most common cause of mucormycosis. Apophysomyces ranks second in India after Rhizopus species(5),(6). 
 Rhino-Orbito-Cerebral Mucormycosis (ROCM) is a rapidly progressive disease for which definitive guidelines, diagnosis, staging, and management have been formulated in CAM cases (7). ECMM/MSG world guidelines have demonstrated an algorithm for diagnosing and effectively managing mucormycosis(8). 
GRP78 cell receptor-positive regulation is the pathologic mechanism identified in Rhizopus spp. It is successful due to immunosuppression or favourable conditions in the host. It triggers a proinflammatory state resulting in thrombosis and tissue necrosis. Aspirin, too, has hence proven to reduce overall mortality and morbidity in patients with CAM(9).
Early warning signs and symptoms of ROCM include facial pain, nasal blockage, and congestion with or without local tenderness. Nasal crusting with black discharge is not uncommon. Palatal necrosis may occur due to angioinvasion of the palatine artery leading to blackish discolouration(10). 
Treatment therapy for CAM includes aggressive surgical debridement and systemic antifungals in the form of Amphotericin B and Posaconazole as step-down therapy in the follow-up period(11). Posaconazole treatment can be given as primary or secondary therapy. In a case review of 96 reports, complete and partial responses were 64.6% and 7.3%, respectively(12). The adverse drug effects pertaining to Posaconazole are limited and clinically less documented. Randomised control trials are not yet done to rule out the efficacy of Posaconazole against Amphotericin-B due to the rarity of the disease. Most of the studies support the role of Posaconazole in addition to Amphotericin(13).
After the acute management of mucormycosis, complete resolution of symptoms takes place over a period of time. It includes prolonged therapy as a step-down treatment. Medications effectively combat disease, but their full benefits are not realised as 50% of patients do not take medications as prescribed(14). In a systemic review on the impact of medication adherence in long-term diseases, increased adherence is associated with improved outcomes and reduced costs(15).
Despite being on oral antifungal Posaconazole therapy, patients have been observed to have a recurrence of mucormycosis in the follow-up period. Hence, we designed an ambispective study to evaluate the medication adherence in patients on step-down therapy with Posaconazole and analyse the efficacy of the drug and the cause of its medication failure in a real-world setting. Our main objective was to evaluate the association between medication adherence and disease recurrence. Other objectives were to evaluate the other factors associated with the disease recurrence and the adverse events related to Posaconazole in the step-down therapy.
Methods:
An ambispective cohort study was done in the department of ENT and Pharmacology of All India Institute of Medical Sciences (AIIMS), Bhubaneswar, from April 2021 to September 2022. It included retrospective data of patients admitted to the hospital with disease recurrence and prospectively from OPD patients who are currently on follow-up on Posaconazole step-down therapy after discharge from hospital following treatment for histopathological conformed Mucormycosis. This study was conducted after approval by the Institutional ethics committee.
Medication Regimen:
The step-down therapy on discharge from the hospital includes Tab. Posaconazole delayed released tablets 300mg BD first day followed by 300mg OD for six months according to the mucormycosis guidelines.

Adherence measurement: 
 All follow-up patients were contacted by phone, and telephonic Consent was obtained by explaining the procedure and details of the study. The call was recorded for documentation purposes. Details regarding the Posaconazole tablet intake or skipped ( if skipped - number of skip days, number of times skipped continuously for more than four days), adverse drug events, concomitant medication, comorbid conditions, and cost spent on Posaconazole therapy. Medication adherence was measured under two circumstances - 1) The participants would be considered adherent if they did not skip the tablet continuously for more than four days in their follow-up period owing to the half-life of Posaconazole (16),(17). 2) Participants who did not skip any single dose.
Disease Recurrence Measurement:
Diagnosis recurrence in symptomatic assessment, on follow-up Diagnostic Nasal Endoscopy or cross-sectional imaging, was considered the outcome measure. It was collected from the records from hospital re-admission. During telephonic contact, a history of disease recurrence was asked.
Statistical Analysis:
Statistical analysis was performed by using SPSS version 26. The continuous data, like VAS score, age, etc., are expressed as mean (SD). The categorical variables, like presence or absence of nausea/vomiting, sex, etc., are represented as proportions. Fisher Exact test is used to assess the statistical difference in categorical variables (such as medication adherence, sex, and ROCM stage) between the disease recurrence and non-recurrence group. Student t-test is used to assess the statistical difference in continuous variables (such as age, duration of stay, cumulative Amphotericin B dosage, and cost of Posaconazole therapy) between the disease recurrence and non-recurrence group. The time to disease recurrence is analysed using the Log-rank test with Kaplan Meir curve for disease recurrence among participants with medication adherence vs non-adherence.






Results:
By the end of the study period till August 2022, fifty-nine patients were recruited. The mean age of the patients recruited in the study was 47.83 ± 10.28 years, 49 were male participants, and ten were female. The average duration of Posaconazole therapy was 5.12 ± 1.5 months
Table 1: Demographics and clinical characteristics between groups
	[bookmark: _Hlk111708836]Parameters
	Recurrence 
N=13 
	No recurrence 
N=46
	p-value

	Age (years)
	50.38±10.95
	47.11±10.09
	0.315

	Sex 
	Male
	9 (69%)
	40 (86%)
	0.204

	
	Female
	4 (31%)
	6 (14%)
	

	ROCM staging
	Stage 2
	5 (38%)
	34 (74%)
	0.032

	
	Stage 3
	4 (31%)
	8 (17%)
	

	
	Stage 4
	4 (31%)
	4 (9%)
	

	Duration of stay (days) 
	43.69±10.69
	39.93±9.51
	0.226

	The cumulative dose of Amphotericin B (g)
	Stage 2
	4.27±0.99
	3.30±0.84
	0.012

	
	Stage 3
	4.65±1.71
	3.72±0.85
	0.057

	
	Stage 4
	5.18±0.97	
	6.15±1.01
	0.798


ROCM - Rhino-orbital-cerebral-mucormycosis.
On comparing demographic data such as age, sex and duration of hospital stay, no significant difference was found between the two groups. ROCM stages between disease recurrence and non-recurrence were found to be statistically significant, with a p-value of 0.032 (Table 1). Maximum recurrence was seen in Stage 2 ROCM disease.
When the recurrence and non-recurrence group was compared for cumulative amphotericin B during the hospital stay, the p-values were 0.012, 0.057, 0.798 in stages 2, 3 and 4, respectively. There is a significant difference (p = 0.042) in the amount spent on Posaconazole therapy between disease recurrence (2.58±0.69 lakhs rupees) and non-disease recurrence (2.03±0.88 lakhs rupees) group.
Table 2: Medication adherence with disease recurrence
	Medication adherence
	Recurrence 
N=13
	No Recurrence
N=46
	p-value

	Skipped continuously for ≥4 
	Non-adherent
	2 (15%)
	7 (15%)
	1.00

	
	Adherent
	11 (85%)
	39 (85%)
	

	Did not skip any single dose 
	Non - adherent
	9 (70%)
	22 (48%)
	0.294

	
	Adherent
	4 (30%)
	24 (52%)
	



Recurrence in mucormycosis was not found to be associated with medication adherence. Medication adherence was calculated as skipping the dose for ≥4 days continuously. It was also calculated as skipping even a single dose per medication adherence protocol. 
However, by both the standards of medication adherence by literature, our study finds no statistical significance between medication adherence and recurrence, with a p-value of 1.00 and 0.294, respectively (Table 2).

Table 3: Medication adherence with the time to disease recurrence

	Medication adherence
	Mean time to disease recurrence (months)
	p-value

	Skipped continuously for ≥4 
	Non-adherent
	5.19 (4.35-6.02)
	0.402

	
	Adherent
	6.32 (5.91-6.72)
	

	Did not skip any single dose 
	Non-adherent
	5.23 (4.83-5.64)
	0.027

	
	Adherent
	6.67 (6.23-7.10)
	



Fig-1: Kaplan Meir curve for disease recurrence in participants skipping ≥4 days of Posaconazole continuously.
[image: ]

[bookmark: _Hlk114656235]Fig-2: Kaplan Meir curve for disease recurrence in participants not skipping a single dose of Posaconazole therapy.
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This study shows that disease recurrence is not statistically significant to adherence to Posaconazole therapy. The result was not a statistically significant p-value in patients skipping treatment continuously for ≥4 days (Table 3). However, the onset of recurrence was found to be delayed in patients who were adherent to the drug. The difference in onset of recurrence of the disease between the two groups was analysed using the Kaplan Meir curve (Fig-1,2). It was found to be significant, with a p-value of 0.027 in patients who did not skip a single dose of Posaconazole therapy in the follow-up period, with a hazard ratio of 3.887 (1.031 to 14.664). 



Discussion: Mucormycosis survival and the overall prognosis is a multifactorial entity. It is vital to understand the associated factors regarding the survival of these groups of patients, both to improve clinical practice and for further research protocols in this field of infectious disease. This medication adherence study is the first of its kind to evaluate the efficacy of Posaconazole as a step-down therapy by searching PubMed and Cochrane databases.
Systemic amphotericin B is a primarily used drug for the treatment of zygomycosis. Literature suggests giving higher doses of systemic antifungal therapy in cases of suspected CNS and disseminated mucormycosis infections (18). An increase in the dose of amphotericin B in subjects did not specifically decrease the overall mortality in this subgroup of people in the DEFEAT Mucor study(19). Our analysis draws a similar analogy. We did find that patients receiving higher doses of amphotericin B were not protected from recurrence. In our study, we notice that stage 2 ROCM patients are prone to recurrences despite higher doses of amphotericin B with a p-value of 0.012.
Posaconazole is a well-tolerated extended-spectrum triazole exhibiting in vitro and in vivo activity against Mucorales(20). It has been used as a combination therapy with amphotericin B  or as a single agent during initial treatment (21). Combination therapy in mucormycosis has shown no differences in the mortality of patients with associated immunologically deprived states(22). After radiological and clinical evidence of disease remission, all study subjects were placed on oral Posaconazole therapy in their follow-up period. Despite this, patients presented evidence of disease recurrence within months of discharge. Hence, medication adherence was checked in all the patients on the follow-up to look for lacunae in the disease recurrence. However, strikingly in our study, there was no difference in the number of patients having a recurrence of disease on being adherent to medication or not. Posaconazole did help in prolonging the onset time to disease recurrence in patients who were adherent (not even skipping a single dose of Posaconazole in the follow-up period). A few noteworthy points in disease recurrence can be discussed as Posaconazole might not be helping in preventing disease recurrence but does prolong the forthcoming disease recurrence.
Mucormycosis remission is solely responsible for treating the nidus leading to this angioinvasion infection and prompt debridement and antifungal treatment(23). Once the source of immunocompromised state related to the respective patient is taken care of, management of invasive fungal disease becomes favourable in line with patient outcome. 
Evaluation of possible reasons for drug non-adherence, the cost factor plays a significant role. Of 58 patients, 30 (50.8%) found the drug costly to continue treatment. The average expenditure for Posaconazole step-down therapy in our follow-up patient was 2.15 lakhs (Indian National Rupee INR). The p-value for comparing the two groups cost-effectiveness is statistically significant at 0.042. This signifies that patients with recurrence had to take a more prolonged duration of therapy, requiring a higher price to pay for treatment. Of 58 patients, 30 (50.8%) found that the drug was not affordable according to their socio-economic status. It comes in addition to the hospital stay and the cost of systemic antifungal therapy, which increases the financial burden on the family, more so in developing countries like India. The second reason for possible non-adherence was found to be the side effects caused by Posaconazole in step-down therapy. The most common side effect was myalgia (46/58), followed by headache (17/58). Posaconazole was a reasonably tolerated drug described in the literature priorly(24). 
Early diagnosis of disease recurrence always plays a vital role in managing follow-up patients. During the telephonic assessment of the disease, questions were asked regarding any signs and symptoms of recurrence disease. In cases of high suspicion, patients were requested to seek medical care immediately for early pick-up of the disease. Of which the most common symptom found in our study was halitosis (6/13), followed by hemifacial pain (4/13) and persistent foul-smelling nasal discharge (3/13). Patients with disease recurrence underwent subsequent management of the ailment post-hospitalisation. 
Our study's limitations are possibly answering the questions of disease recurrence in mucormycosis. All patients' serum Posaconazole trough levels were not calculated to know the drug levels and compare Posaconazole's MIC because of patients' non-affordability and the limited availability of testing centres. Follow-up data on blood glucose levels was unavailable, so we could not assess the impact of impaired blood glucose levels on disease recurrence. A randomised control trial by giving Posaconazole in the study and a placebo in the control arm can be an ideal method for assessing the drug's effect in the postoperative follow-up period, which can be a potential research option for future studies. Still, then there can be a debate on an ethical implications. The sample size in our study is comparatively smaller, and a multi-centric study with a large study population can be designed to rule out confounding factors and bias in the study.


Conclusion:
In this ambispective cohort study, we notice that Posaconazole medication adherence in the postoperative period does not affect the recurrence of mucormycosis during step-down therapy. However, it helps prolong the onset of disease recurrence in patients adhering to the medication. These patients' prognosis and overall survival are good once they are discharged with disease remission and no clinical or radiological evidence of disease. 
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