1  Title: Influence of drug class and healthcare setting on systemic antifungal expenditures in

2  the United States from 2005-2015
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Abstract

Purpose:

The incidence of invasive fungal infections and the availability of safer antifungals have
increased in the last 20 years. However, few studies have comprehensively evaluated systemic
antifungal use or expenditures in the U.S. We assessed overall and specific class trends in

antifungal expenditures in various U.S. healthcare settings from 2005-2015.

Methods:

Systemic antifungal expenditures between 1/1/2005-12/31/2015 were obtained from the
QuintilesIMS National Sales Perspective database, which provides a statistically valid projection
of medication purchases from multiple markets throughout the U.S. Expenditures were described
overall and by year, class, and healthcare setting. Trends were assessed using simple linear

regression.

Results:

Overall expenditures for the 10-year period were $9.37 billion. The greatest proportion of
expenditures occurred in non-federal hospitals (47.2%) and for the triazole class (57.6%).
Between 2005-2015, total expenditures decreased from $1.1 billion to $894 million (-18.8%,
p=0.09); however, expenditures in clinics and retail pharmacies increased (202%, p<0.01 and
13.8%, p=0.04, respectively), a trend most pronounced after 2012. Expenditures for flucytosine
also increased (968.1%, p<0.01), particularly in clinics where there was a dramatic 6,640.9%

increase (p<0.01).
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Conclusions:

Despite overall decreases in systemic antifungal expenditures over the past 10 years, there were
increased expenditures in clinics and retail pharmacies. Additional studies need to assess the
indications for and appropriateness of antifungal use in these outpatient settings. Startlingly large
increases in flucytosine expenditures were observed, particularly in the community. Further
monitoring of both price and expenditures for this agent is warranted to ensure continued access

to this potentially life-saving drug.

Keywords: antifungal, prescribing practices, expenditures
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Introduction

Antimicrobial resistance has become a global public health crisis. A recent comprehensive report
commissioned by the Wellcome Trust and the U.K. Department of Health estimated that, if left
unchecked, antimicrobial resistance could result in an estimated 10 million deaths annually and a
cumulative global cost of $100 trillion by 2050.1 Much emphasis has been placed on curbing
antibiotic use in both community and hospital settings to decrease antimicrobial resistance and
toxic side effects, primarily with initiatives to decrease inappropriate antimicrobial use through
antimicrobial stewardship programs (ASPs).2* Inappropriate antifungal use also contributes to
antimicrobial resistance with concomitant increased morbidity and mortality from infections with
resistant fungi and unnecessary toxicity from antifungal medications.8 © The incidence of
invasive fungal infections, long felt to be problematic only in immunocompromised or oncology
patients, has been increasing over the past 20 years,10 with Candida now the most common cause
of healthcare-associated bloodstream infections in many U.S. hospitals.11 Estimates of the
proportion of inpatient systemic antifungal use that is inappropriate are scarce and variable,
ranging from 13% to 70%.13-1> While there have been few studies that specifically evaluated the
impact of decreasing inappropriate antifungal use, most have reported cost containment or cost
savings and decreased antifungal resistance without a significant impact on clinical outcomes.13.
18 As a result, attentions are now increasingly focused on antifungal use, costs, expenditures, and

stewardship.>

Systemic anti-infectives were one of the top 3 categories of drug expenditures in nonfederal

hospitals in 2014 and 2015.%% 20 A significant proportion of antibiotic expenditures occur in the
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outpatient and community setting, 1° and systemic antifungal expenditures may also vary by
health care setting. Empirical and prophylactic therapy accounts for the majority of inpatient
antifungal use;* 2224 however, no studies have comprehensively evaluated systemic antifungal
use in outpatient or community settings. ldentifying specific antifungal classes and healthcare
settings for which expenditures are increasing can help direct future studies aimed at developing
targeted high-impact antifungal stewardship interventions. Furthermore, the financial effect of
increased use of newer and more expensive antifungals with fewer side effects, such as triazoles
and echinocandins, has yet to be explored; neither has the impact of recent dramatic price
increases for older drugs such as flucytosine.?? In this study, we assessed overall trends as well as
specific class and agent trends in antifungal expenditures in various U.S. healthcare settings

between 2005 and 2015.

Methods

Study design and setting:

This was a retrospective study of systemic antifungal expenditures in the U.S. from January 1,
2005 through December 31, 2015. Antifungal expenditures data were extracted from the
QuintilesIMS National Sales Perspective (NSP) database.?® The NSP captures 70% of all
prescription medication purchases, with data then extrapolated to a statistically valid projection
of 99% of all prescription medication purchases in U.S. Although this database provides a
population-level view of drug expenditures, it does not provide information on utilization or

number of prescriptions filled. Non-systemic antifungal medications (e.g., topical nystatin,
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terbinafine, and ketoconazole) were excluded because we wanted to focus on expenditures for
systemic oral and intravenously administered antifungals. Antifungals were stratified into class
(polyenes, triazoles, flucytosine, and echinocandins) according to the QuintilesIMS Uniform
System of Classification.?* All antifungal agents in each class were approved by the Food and
Drug Administration prior to 12/31/2006, except for isavuconazole, a triazole antifungal

approved by the FDA in March 2015.

Healthcare settings:

Expenditures from retail community pharmacies, mail service pharmacies, clinics, non-federal
hospitals, and ‘other non-retail” pharmacies were included. Retail pharmacies were varied and
included standalone chain and independent stores, mass merchandisers, and food and/or
convenience stores with a licensed pharmacy. Mail service pharmacies were licensed mail order
pharmacies affiliated with either private sector or federal facilities. Clinic expenditures included
medications administered directly in the clinic and encompassed primary care and specialty
physician offices and urgent care centers. Non-federal hospitals included licensed inpatient,
specialty care, and rehabilitation hospitals that are not federally owned. ‘Other non-retail’
included federal facilities (e.g., Public Health Service and other federal hospitals and U.S. ships
at sea) and other non-hospital facilities, such as long-term care facilities. Of note, beginning in

2014, QuintilesIMS did not include data from the Veterans Affairs (VA) healthcare system.

Statistical analysis:
Summary data for total antifungal expenditures over the entire period are reported, as is growth

or the percentage change in expenditures from one year to the next. Expenditures were also
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assessed specifically by year, class, and health care setting. Data were adjusted for inflation
using the Consumer Price Index from the U.S. Department of Labor, Bureau for Labor Statistics
(www.bls.gov), with all expenditures reported in 2015 dollars. Expenditure trends over the study
period were assessed using simple linear trend regression models with a p-value of <0.05
considered statistically significant. Stata version 14 (StataCorp, Texas) was used for statistical

analysis.

Results

Overall expenditures for antifungals in all care settings for the 10-year study period were $9.37
billion. Table 1 shows annual total expenditures and annual expenditures stratified by healthcare
setting. Table 1 also shows growth in expenditures (both overall and stratified by healthcare
setting) over the 10-year study. As expected, the greatest percentage of antifungal expenditures
occurred in non-federal hospitals, which accounted for almost half of all expenditures ($4.4
billion; 47.2%). This was followed by retail (29.1%), other non-retail (13.3%), clinics (6.2%),
and mail order pharmacies (4.3%). Overall, annual total antifungal expenditures decreased each
year from 2005-2008, remained relatively constant until 2013 and then increased slightly in 2014
and 2015. This represented an overall 18.8% decrease from $1.1 billion to $894 million between
2005 and 2015 that was not statistically significant (p=0.09). While expenditures in non-federal
hospitals significantly decreased (-46.5, p <0.01), expenditures in clinics and retail pharmacies

significantly increased (202%, p<0.01 and 13.8%, p=0.04, respectively).
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There was also significant variability in antifungal expenditures by class. Overall, triazoles
accounted for the greatest proportion of expenditures ($5.4 billion; 57.6% of overall total
expenditures), followed by echinocandins ($2.4 billion; 26.4%), polyenes ($1.3 billion; 14.1%)
and flucytosine ($181 million; 1.9%). Between 2005-2015, significant decreases were observed
for expenditures for echinocandins (-59%; p<0.01) and polyenes (-38.6%; p<0.01), while
expenditures for triazoles increased by 10.8% (p=0.03) and for flucytosine by 968.2% (p<0.01)
(Figure 1). Even more pronounced were trends in the annual growth (% change) in expenditures
for each study year stratified by class (Figure 2). There was steadily increasing growth in annual
flucytosine expenditures each year from 2005-2010 followed by stabilization until 2014-2015

when there was a 126.1% increase (Figure 2).

We next performed a more detailed analysis of antifungal expenditures for specific classes
stratified by healthcare setting. Figure 3 demonstrates how healthcare setting influenced
antifungal expenditures differentially by class. Retail and mail order settings were dominated by
triazole expenditures (97.4% and 95.3% of expenditures, respectively). Triazoles also comprised
the greatest proportion of expenditures in clinics (64.1%), although echinocandins (18.8%) and
polyenes (14.0%) made substantial contributions. Non-federal hospital and other non-retail
settings encompassed a mix of expenditures for all classes. Because clinic expenditures increased
by the greatest proportion during the 10-year study, we chose to perform an additional analysis
of expenditures by class within the clinic setting. Clinic expenditures for each antifungal class
significantly increased over the study, and this trend was most pronounced after 2012 (Table 2).
Flucytosine experienced widely fluctuating annual expenditure changes in clinics, with a rapid

increase in expenditures from 2007-2009, a rapid decline from 2010-2012, and another rapid
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increase from 2012-2015. Overall, there was a dramatic 6,640.9% increase in flucytosine

expenditures in the clinic setting from 2005-2015 (Table 2).

Discussion:

In 2014, systemic antimicrobials were one of the top categories of drug expenditures in
nonfederal hospitals.'® Antifungals have historically lagged behind antibacterial and antiviral
drugs in overall expenditures;?® however, in the past decade, antifungals have garnered
increasing attention as both the incidence of invasive fungal infections (IFIs) and the number of
available drug classes and agents to treat IFIs has increased.?>3? Furthermore, with the
availability of newer antifungal agents with more favorable side effect profiles, there has been an
increased emphasis on empiric antifungal use. For hospitals in particular, the clinical and
economic burden of preventing and treating IFIs is high due to excess mortality, length of stay,
and costs related to IF1s.3% 34 Despite this increasing attention to IFls and antifungal use, few
large-scale studies of systemic antifungal expenditures have been performed, and most were

conducted outside the U.S. or focused only on hospitalized patients,?? 337

In this study, we analyzed systemic antifungal expenditures from all healthcare settings in the
U.S. and observed a non-significant trend toward decreased expenditures over the 10-year
period. Overall expenditures may have decreased due to increased generic availability of
frequently used expensive brand agents such as voriconazole and echinocandins or because of

antimicrobial stewardship programs that promote judicious use of antifungals.™ It is important to
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note that, after expenditures decreased and then remained constant from 2005-2013, they began
to increase again in 2014 and 2015. This may represent the beginning of an upward trend in
systemic antifungal expenditures that may be related to recent price increases for antifungals
(e.g., flucytosine) and/or increased use of more expensive antifungal agents (e.g. posaconazole).
As an example of the latter, clinical guidelines now recommend posaconazole over other agents
for primary prophylaxis of invasive mold infections in certain high-risk patient groups.®® Only
prior study has evaluated U.S. antifungal expenditures on an equivalent scale as our study. Desai
et al. examined Medicaid data for systemic and topical antifungals between 1991 and 2009 and
found that utilization remained constant but antifungal expenditures increased from $93.87
million to $143.76 million.® The difference in these results from our study may be related to the
inclusion of topical antifungal agents (which accounted for the majority of prescriptions), the

exclusive focus on the Medicaid population, and an earlier time period.

Furthermore, we observed interesting trends in antifungal expenditures by care setting and class.
Substantial growth occurred in expenditures in the community setting, with clinic expenditures
increasing by 202% from 2005 to 2015. Much of this growth was in expenditures for
echinocandins and polyenes, both of which are classes administered intravenously. This may
suggest a growing trend in outpatient parenteral antifungal therapy administered outside of
hospital settings, such as in hematology-oncology or infectious diseases clinics with associated
infusion centers. Furthermore, as expected, triazoles represented the greatest proportion of
expenditures overall and in each study year, a finding similar to prior studies conducted outside
the U.S.%" Isavuconazole, the newest triazole, received FDA approval in March 2015 and

appears poised to have a significant impact on the treatment of 1F1.2° In our study, expenditures
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for isavuconazole totaled $11.9 million in 2015, or 2.08% of total triazole expenditures. Future
studies should focus on assessment of the impact of this new agent on antifungal expenditures in
various healthcare settings. Finally, one prior study by Garey et al. found increased echinocandin
use in U.S. hospitals during the study period,* we observed decreased total expenditures for
echinocandins in every setting except clinics. The discordant results may be related to the fact
that we included more diverse care settings (not just hospitals) and a longer time period (10 years

vs. 4 years for the Garey et al. study).

Perhaps the most striking class-specific expenditures trend in this study was for flucytosine.
Clinic expenditures for this drug increased by a staggering 6,641%. Flucytosine is a pyrimidine
analogue introduced in 1973 that is used infrequently but is a key component of treatment for
Cryptococcal disease.®! Since 2009, the U.S. price of flucytosine has steadily increased, with a
306% increase observed in the last 2 years and a now nearly 100-fold higher price in the U.S
compared to Europe.?? As of January 2016, there was only one FDA-approved pharmaceutical
supplier of flucytosine, Valeant Pharmaceuticals.?? Because the incidence of Cryptococcal
disease has decreased in the U.S.,*? utilization of flucytosine has likely decreased or at least
remained constant; thus, the increase we observed in flucytosine expenditures in our study is
likely the direct result of price increases. Although expenditures for flucytosine remained only a
small proportion of total antifungal expenditures in our study, the dramatic increase in
expenditures we observed raises concern for greater issues of access to antimicrobials and

appropriate pharmaceutical pricing for older generic drugs.?
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This study had a number of limitations. Expenditure data may not represent utilization or actual
consumption of antifungal agents. Prior studies have demonstrated good correlation between
antimicrobial purchasing data and dispensing data for hospital settings®; however, we were not
able to draw conclusions regarding utilization or consumption based on our analysis.
Furthermore, our dataset did not capture expenditures for systemic antifungals acquired without
a prescription, although we anticipate that nonprescription use of systemic antifungals is likely to
be low in the U.S. Finally, for 2014 and 2015, QuintilesIMS did not include expenditures from
the VA healthcare system, which may have led to an underestimation of expenditures for those

years in other, non-retail settings.

Despite these limitations, this study provides a comprehensive, national assessment of trends in
antifungal expenditures for the past 10 years that we feel is highly valuable to those involved in
public health, pharmacy, hospital administration, and antimicrobial stewardship. Although we
identified an overall decrease in total antifungal expenditures, expenditures in the community
setting increased substantially, as did expenditures for specific agents (e.g., flucytosine). This
suggests a need for further studies on the indications for and appropriateness of antifungal
prescribing in community settings to develop strategies to promote judicious and cost-effective

antifungal use, particularly for parenteral antifungals.
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Key points:

1. Between 2005-2015, despite an overall decrease in total antifungal expenditures in the U.S.,
an increase in expenditures was observed in community settings.

2. Antifungal expenditures for specific agents (e.g., flucytosine) also dramatically increased,
particularly in community settings.

3. Increased attention should be paid to utilization of and expenditures for antifungal agents in
outpatient clinics and retail pharmacies, perhaps through structured ambulatory care

antimicrobial stewardship programs.

Acknowledgements: none

Funding:

This work was supported by the Department of Veterans Affairs, Veterans Health
Administration, Office of Research and Development, Health Services Research and
Development Service Postdoctoral Fellowship Award [grant number TPR 42-005] to M.F. The
views expressed in this article are those of the authors and do not necessarily reflect the position
or policy of the Department of Veterans Affairs or the U.S. government. In addition, the
statements, findings, conclusion, views, and opinions contained and expressed here are not

necessarily those of QuintilesIMS Incorporated or any of its affiliated or subsidiary entities.



256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

14

References:

1. Review on Antimicrobial Resistance. Tackling drug-resistant infections globally: Final
report and recommendations (May 2016). http://amr-

review.org/sites/default/files/160518 Final paper with cover.pdf (accessed 2016 May 25).

2. Fridkin S, Baggs J, Fagan R et al. Vital signs: Improving antibiotic use among
hospitalized patients. MMWR Morb Mortal Wkly Rep. 2014; 63:194-200.

3. Peron EP, Hirsch AA, Jury LA et al. Another setting for stewardship: High rate of
unnecessary antimicrobial use in a Veterans affairs long-term care facility. J Am Geriatr Soc.
2013; 61:289-90.

4. Fleming-Dutra KE, Hersh AL, Shapiro DJ et al. Prevalence of inappropriate antibiotic
prescriptions among us ambulatory care visits, 2010-2011. JAMA. 2016; 315:1864-73.

5. Barlam TF, Cosgrove SE, Abbo LM et al. Implementing an antibiotic stewardship
program: Guidelines by the Infectious Diseases Society of America and the society for
healthcare epidemiology of america. Clin Infect Dis. 2016; 62:51-77.

6. Pollack LA and Srinivasan A. Core elements of hospital antibiotic stewardship programs
from the Centers for Disease Control and Prevention. Clin Infect Dis. 2014; 59 (suppl 3):S97-
100.

7. Chou AF, Graber CJ, Jones M et al. Characteristics of antimicrobial stewardship
programs at Veterans affairs hospitals: Results of a nationwide survey. Infect Control Hosp
Epidemiol. 2016; 37:647-54.

8. Verweij PE, Chowdhary A, Melchers WJ et al. Azole resistance in aspergillus fumigatus:

Can we retain the clinical use of mold-active antifungal azoles? Clin Infect Dis. 2016; 62:362-8.


http://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
http://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

15

9. Vallabhaneni S, Cleveland AA, Farley MM et al. Epidemiology and risk factors for
echinocandin nonsusceptible Candida glabrata bloodstream infections: Data from a large
multisite population-based candidemia surveillance program, 2008-2014. Open Forum Infect
Dis. 2015; 2:0fv163.

10. Richardson MD. Changing patterns and trends in systemic fungal infections. J
Antimicrob Chemother. 2005; 56 (suppl 1):i5-i11.

11. Magill SS, Edwards JR, Bamberg W et al. Multistate point-prevalence survey of health
care-associated infections. N Engl J Med. 2014; 370:1198-208.

12.  Centers for Disease Control and Prevention (CDC). Antibiotic resistance threats in the

United States. (April 2013). http://www.cdc.gov/drugresistance/threat-report-

2013 /index.html (accessed 2016 1 February ).

13. Munoz P, Valerio M, Vena A et al. Antifungal stewardship in daily practice and health
economic implications. Mycoses. 2015; 58 (suppl 2):14-25.

14. Nivoix Y, Launoy A, Lutun P et al. Adherence to recommendations for the use of
antifungal agents in a tertiary care hospital. J Antimicrob Chemother. 2012; 67:2506-13.

15.  Sutepvarnon A, Apisarnthanarak A, Camins B et al. Inappropriate use of antifungal
medications in a tertiary care center in thailand: A prospective study. Infect Control Hosp
Epidemiol. 2008; 29:370-3.

16.  Valerio M, Vena A, Bouza E et al. How much European prescribing physicians know
about invasive fungal infections management? BMC Infect Dis. 2015; 15:80.

17. Munoz P, Rojas L, Cervera C et al. Poor compliance with antifungal drug use guidelines
by transplant physicians: A framework for educational guidelines and an international consensus

on patient safety. Clin Transplant. 2012; 26:87-96.


http://www.cdc.gov/drugresistance/threat-report-2013/index.html
http://www.cdc.gov/drugresistance/threat-report-2013/index.html

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

16

18.  Ananda-Rajah MR, Slavin MA and Thursky KT. The case for antifungal stewardship.
Curr Opin Infect Dis. 2012; 25:107-15.

19.  Schumock GT, Li EC, Suda KJ et al. National trends in prescription drug expenditures
and projections for 2015. Am J Health Syst Pharm. 2015; 72:717-36.

20.  Schumock GT, Li EC, Suda KJ et al. National trends in prescription drug expenditures
and projections for 2016. Am J Health Syst Pharm. 2016; 73:1058-75.

21.  Suda KJ, Hicks LA, Roberts RM et al. A national evaluation of antibiotic expenditures by
healthcare setting in the United States, 2009. J Antimicrob Chemother. 2013; 68:715-8.

22.  Garey KW, Aitken SL, Dima-Ala A et al. Echinocandin use in hospitalized patients: A
multi-institutional study. Am J Med Sci. 2015; 349:316-20.

23.  Valerio M, Rodriguez-Gonzalez CG, Munoz P et al. Evaluation of antifungal use in a
tertiary care institution: Antifungal stewardship urgently needed. J Antimicrob Chemother. 2014;
69:1993-9.

24.  des Champs-Bro B, Leroy-Cotteau A, Mazingue F et al. Invasive fungal infections:
Epidemiology and analysis of antifungal prescriptions in onco-haematology. J Clin Pharm Ther.
2011, 36:152-60.

25. Merry M and Boulware DR. Cryptococcal meningitis treatment strategies affected by the
explosive cost of flucytosine in the United States: A cost-effectiveness analysis. Clin Infect Dis.
2016; 62:1564-8.

26. IMS Health. National sales perspectives [proprietary database]. Plymouth Meeting, PA:

IMS Health; 2015.



323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

17

27. IMS Health. The uniform system of classification.

https://http: //www.imshealth.com/files /web /IMSH

Institute /USC Classiification Process 2011.pdf (accessed 2016 Jan 1).

28.  Schumock GT, Li EC, Suda KJ et al. National trends in prescription drug expenditures
and projections for 2014. Am J Health Syst Pharm. 2014; 71:482-99.

29. Bitar D, Lortholary O, Le Strat Y et al. Population-based analysis of invasive fungal
infections, france, 2001-2010. Emerg Infect Dis. 2014; 20:1149-55.

30.  Pappas PG, Alexander BD, Andes DR et al. Invasive fungal infections among organ
transplant recipients: Results of the transplant-associated infection surveillance network
(transnet). Clin Infect Dis. 2010; 50:1101-11.

31. Nett JE and Andes DR. Antifungal agents: Spectrum of activity, pharmacology, and
clinical indications. Infect Dis Clin North Am. 2016; 30:51-83.

32. Rybak JM, Marx KR, Nishimoto AT et al. Isavuconazole: Pharmacology,
pharmacodynamics, and current clinical experience with a new triazole antifungal agent.
Pharmacotherapy. 2015; 35:1037-51.

33. Menzin J, Meyers JL, Friedman M et al. Mortality, length of hospitalization, and costs
associated with invasive fungal infections in high-risk patients. Am J Health Syst Pharm. 2009;
66:1711-7.

34. Menzin J, Meyers JL, Friedman M et al. The economic costs to United States hospitals of
invasive fungal infections in transplant patients. Am J Infect Control. 2011; 39:e15-20.

35. de With K, Steib-Bauert M, Knoth H et al. Hospital use of systemic antifungal drugs.

BMC Clin Pharmacol. 2005; 5:1.


http://www.imshealth.com/files/web/IMSH%20Institute/USC_Classiification_Process_2011.pdf
http://www.imshealth.com/files/web/IMSH%20Institute/USC_Classiification_Process_2011.pdf

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

18

36.  Gedik H. The expenditures related to the use of antifungal drugs in patients with
hematological cancers: A cost analysis. Clinicoecon Outcomes Res. 2015; 7:537-43.

37.  Gross BN, Steib-Bauert M, Kern WV et al. Hospital use of systemic antifungal drugs: A
multi-center surveillance update from germany. Infection. 2015; 43:423-9.

38. Patterson TF, Thompson GR, 3rd, Denning DW et al. Practice guidelines for the
diagnosis and management of aspergillosis: 2016 update by the Infectious Diseases Society of
America. Clin Infect Dis. 2016; 63:e1-e60.

39.  Desai VC, Cavanaugh TM, Kelton CM et al. Trends in the utilization of, spending on,
and prices for outpatient antifungal agents in us medicaid programs: 1991-2009. Clin Ther. 2012;
34:2118-31

40. Drekonja DM, Filice GA, Greer N et al. Antimicrobial stewardship in outpatient settings:
A systematic review. Infect Control Hosp Epidemiol. 2015; 36:142-52.

41.  Pappas PG, Kauffman CA, Andes DR et al. Clinical practice guideline for the
management of candidiasis: 2016 update by the Infectious Diseases Society of America. Clin
Infect Dis. 2016; 62:e1-50.

42.  Mirza SA, Phelan M, Rimland D et al. The changing epidemiology of cryptococcosis: An
update from population-based active surveillance in 2 large metropolitan areas, 1992-2000. Clin
Infect Dis. 2003; 36:789-94.

43.  Tan C, Ritchie M, Alldred J et al. Validating hospital antibiotic purchasing data as a

metric of inpatient antibiotic use. J Antimicrob Chemother. 2016; 71:547-53.



366

Keywords: antifungal agents, prescription drugs, health expenditures

19



367

368

369

370

371

372

373

374

375

376

377

20

Figure captions:

Figure 1. Total antifungal expenditures (in $ millions) for each study year stratified by drug

class. Percent of total expenditures for each class in each study year are indicated by the numbers

on the bars.

Figure 2. Percent change in antifungal expenditures for each study year stratified by drug class.

Figure 3. Antifungal expenditures for each drug class as a percent of overall total antifungal

expenditures in each healthcare setting for the 10-year study period.



378 Table 1. Trends in antifungal expenditures by healthcare setting and year

21

Expenditures in $ millions (%)?

Care 2005 2006 2007 2008 2009 2010 2011 | 2012 | 2013 | 2014 2015 | Total, %
setting 2005- Growth,
2015 2005-
2015
Non-federal | 616.1 5486 |[452.8 |394.0 |409.3 (3931 |3523 |3309 |3020 |296.3 |329.7 |4,425.0 | -46.5¢
hospital (56.00° | (57.0) | (53.6) | (51.8) | (50.0) | (47.6) | (45.2) | (41.6) | (39.3) | (36.3) | (36.7) | (47.2)
Other non- | 138.6 127.2 | 104.2 |91.8 395 1136 | 1218 |126.3 | 104.1 [ 1059 | 106.6 | 1,245.1 | -23.1
retail (12.6) (13.2) | (12.3) | (12.1) | (12.8) | (13.8) | (15.6) | (15.9) | (13.6) [ (13.0) | (11.9) | (13.3)
Mail order | 34.6 325 32.8 33.4 40.3 47.5 38.1 4,04 31.2 | 311 36.5 | 398.3 5.6
(3.1) (3.4) (3.9 (4.4) (4.9) (5.8) 4.9 |61 4.1) | (3.8 4.1) | @43
Retail 275.5 2189 |216.2 |206.0 |2264 |233.2 |231.6 |254.8 |263.6 |283.0 |313.6 |2,723.6 | 13.8"
(25.0) (22.7) | (25.6) | (27.1) | (27.7) | (28.3) | (29.7) | (32.0) | (34.3) | (34.7) | (35.1) | (29.1)
Clinics 35.7 36.3 39.0 36.1 37.6 37.9 36.4 434 66.9 |[99.1 107.7 | 576.1 202.0¢
(3.2) (3.8) (4.6) 4.7 (4.6) (4.6) 4.7 | (5.5) 8.7 | (12.2) | (12.1) | (6.2)
Overall 1,1004 [963.4 |8449 | 7613 |[818.6 |8253 |780.0 |7958 |767.8 8154 |[894.1 |9,367.1 |-18.8

379  2All expenditures adjusted for inflation and reported in 2015 dollars

380  PPercent = specific care setting antifungal expenditures/total antifungal expenditures in that year

381  °p<0.05 estimated from simple linear regression analysis of trend over time in expenditures by

382  healthcare setting

383

384
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385  Table 2. Trends in antifungal expenditures and annual growth by class in the clinic setting
Expenditures in $ millions (% annual growth)?
Antifungal 2005 | 2006 | 2007 |2008 [2009 [2010 |2011 |2012 |[2013 2014 [2015 | Total,
class 2005-2015
Polyenes 58 |52 4.6 4.1 3.7 4.2 4.4 6.5 11.1 15.7 15.2 805.1
(-11.4) | (-9.92) | (-11.5) | (-8.9) | (125) | (43) | (47.1) | (724) | (40.7) | (-2.8) | (162.0)°
Triazoles 232 | 234 27.0 26.2 28.3 285 |27.1 29.6 | 36.6 55.3 64.3 369.6

12 @152 [(32 |64 |07 |47 |89 |@35 |(B12) |62 |@77.8°

Echinocandins

66 |76 73 56 5.0 45 |42 62 |17.1 |242 [201(- | 108.4
(14.4) | (3.7) | (225) | (-12.1) | (-9.3) | (-6.3) | (47.3) | (1745) | (42.0) | 16.8) | (204.9)°

Flucytosine

012 |015 |09 |018 |057 |o068 |055 |11 |21 3.9 8.1 176
(25.4) | (-36.2) | (85.7) | (219.1) | (20.1) | (-19.1) | (99.6) | (93.5) | (82.9) | (106.8) | (6,640.9)"

All antifungals

356 | 363 |390 |361 |376 |379 |364 |434 |669 |991 |107.7 |576.1
an @5 |75 |@3) |09 |42 |[@94) |Gz |@s1) |@7) | 20200

386  2All expenditures adjusted for inflation and reported in 2015 dollars

387  Pp<0.05 estimated from simple linear regression analysis of trend over time in annual growth by

388 class

389

390
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