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MEDICINE REVIEW:
1. Executive Summary

Date: 28 November 2018

Medicine (INN): Liposomal amphotericin B

Medicine (ATC): J0O2AAO01

Indication (ICD10 code): Cryptococcal meningitis - B20.5 + (B45.1 + G02.1%)

Patient population: Immunocompromised patients with cryptococcal meningitis.

Prevalence of condition: In 2014, an estimated 223,100 incident cases and 181,100 deaths occurred globally, and cryptococcal
meningitis is estimated to cause up to 15% of HIV-related deaths (Rajasingham 2017).

Level of Care: Adult Hospital Level

Prescriber Level: Medical officer

Current standard of Care: Amphotericin B deoxycholate

Efficacy estimates: (preferably NNT) Regarding efficacy the trial by Hamill et al. gives the most informative findings and has the
lowest risk of bias. Looking at mycological success at 2 weeks the NNT for benefit with liposomal amphotericin B 3 mg/kg/day over
amphotericin B deoxycholate is 9 patients. Regarding mycological success at 2 weeks for liposomal amphotericin B 6 mg/kg/day
versus amphotericin B deoxycholate, the NNT is 200 patients. Looking at therapeutic success at 10 weeks the NNT for benefit is 13
patients with amphotericin B deoxycholate versus liposomal amphotericin B 3 mg/kg/day, and for liposomal amphotericin B 6
mg/kg/day NNT is 56 patients (note the inversion of comparison here). These findings did however not show statistical significance
and the conclusions from the trial were the non-inferiority of liposomal amphotericin B versus amphotericin B deoxycholate.

The only safety outcomes available that were directly related to the review question also came from the RCT by Hamill et al.
Regarding nephrotoxicity (creatinine level of 2 times baseline and >1.2 mg/dL), liposomal amphotericin B 3 mg/kg/day had an NNT
for benefit of 5 patients versus amphotericin B deoxycholate. Similarly, for benefit with liposomal amphotericin B 6 mg/kg/day, NNT
was 8 patients versus amphotericin B deoxycholate. Hypokalaemia and anaemia were only significantly improved when using
liposomal amphotericin B 3 mg/kg/day versus amphotericin B deoxycholate with an NTT for benefit of 5 patients for both outcomes.
Motivator/reviewer name(s): Dr R Griesel

PTC affiliation: Groote Schuur Hospital

2. Name of author(s)/motivator(s)
Dr R Griesel

3. Author affiliation and conflict of interest details
University of Cape Town, Pharmacology Department; Adult Hospital Level Committee (2017-2018); No conflicts of
interest declared

4. Introduction/ Background
Cryptococcal meningitis is a severe fungal infection primarily seen in people with compromised cell-mediated
immunity. Most cases occur in the context of advanced HIV disease with the risk increasing with decreasing CD4 cell
count (Tenforde 2018). In 2014, an estimated 223,100 incident cases and 181,100 deaths occurred globally, and
cryptococcal meningitis is estimated to cause up to 15% of HIV-related deaths (Rajasingham 2017). Approximately
73% of cases are estimated to occur in sub-Saharan Africa.

The World Health Organization (WHQO) guidelines in 2018 recommend a 1-week course of amphotericin B plus
flucytosine as the preferred regimen for the induction phase in the treatment of cryptococcal meningitis (WHO
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2018). Flucytosine is not freely available in South Africa and local guidelines still recommend a 2-week induction
phase course of amphotericin B followed by fluconazole.

Conventional amphotericin B deoxycholate is a broad-spectrum antifungal that has been used as standard therapy for
treatment of many invasive fungal infections since it was introduced to clinical practice in the 1950s (Bassetti 2011).
The significant dose-limiting toxicity of amphotericin B deoxycholate (most notably nephrotoxicity and infusion-related
reactions) provided the impetus to develop new less toxic formulations. Liposomal amphotericin B is a unique lipid
formulation of amphotericin B that has been used for nearly 20 years to treat a broad range of fungal infections. While
the antifungal activity of amphotericin B is retained following its incorporation into a liposome bilayer, its toxicity is
significantly reduced (Bassetti 2011). This is due to the fact that when the liposome reaches the fungal cell, it is
disrupted, and the drug is released into the fungal cell membrane where it binds to the ergosterol. The liposome keeps
its integrity in the presence of mammalian cells resulting in minimal toxicity (Adler-Moore 2002).

This review will focus on the comparison of liposomal amphotericin B versus amphotericin B deoxycholate,
specifically assessing efficacy and safety outcomes. This review may inform resource allocation decisions for
liposomal amphotericin B use, particularly in our resource-limited setting.

5. Purpose/Objective i.e. PICO
Efficacy: Is liposomal amphotericin B non-inferioir to amphotericin B deoxycholate for the treatment of cryptococcal
meningitis?
Safety: Is liposomal amphotericin B superior to amphotericin B deoxycholate for the treatment of cryptococcal
meningitis?

Population: Adult patients treated for cryptococcal meningitis with impaired renal function (defined as eGFR
<60ml/L) at the onset of therapy, or those who develop intractable renal impairment or electrolyte disturbances (K*)
on amphotericin B deoxycholate.

Intervention: Initiate liposomal amphotericin B or substitute conventional amphotericin B deoxycholate with
liposomal amphotericin B

Comparator: Amphotericin B deoxycholate. An advantage of the comparator is cost. Disadvantages are related to
severe thrombophlebitis and infusion related reactions, nephrotoxicity, electrolyte disturbances, and anaemia.
Outcome:

Efficacy:  Mortality benefit or rate of clearance of CSF (surrogate marker)

Safety:

e Renal impairment (decrease in estimated glomerular filtration or increase in serum creatinine)

e Infusion related reactions

e Electrolyte disturbances (K*)

e Anaemia

6. Methods:

a. Data sources Medline (PubMed) and Cochrane database

b. Search strategy
((("amphotericin b"[MeSH Terms] OR "amphotericin b"[All Fields]) OR ("amphotericin B, deoxycholate drug
combination"[Supplementary Concept] OR "amphotericin B, deoxycholate drug combination"[All Fields] OR "amphotericin b
deoxycholate"[All Fields])) AND (("cryptococcus"[MeSH Terms] OR "cryptococcus"[All Fields]) OR ("meningitis,
cryptococcal"[MeSH Terms] OR ("meningitis"[All Fields] AND "cryptococcal"[All Fields]) OR "cryptococcal meningitis"[All
Fields] OR ("cryptococcal"[All Fields] AND "meningitis"[All Fields])))) AND ("liposomal amphotericin B"[Supplementary
Concept] OR "liposomal amphotericin B"[All Fields] OR "liposomal amphotericin b"[All Fields]) AND ((Clinical Trial[ptyp] OR
Meta-Analysis[ptyp] OR systematic[sb]) AND "humans"[MeSH Terms] AND "adult"[MeSH Terms])
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The search revealed 9 publications. Going through these individually to check for applicability, 2 systematic
reviews and meta-analyses were relevant. Two applicable randomised control trials (RTCs) were isolated. Both
of these were included in the systematic reviews and meta-analyses. No new RCTs had been published since

C.

the publication of the systematic reviews and meta-analyses.

Excluded studies:

Four publications from the literature search was excluded (see below).

Author, date Type of study Reason for exclusion

Hadley 2009 RCT Wrong indication and wrong intervention and comparator
Jadhav 2010 RCT Wrong comparison

Luke 1998 RCT Wrong intervention

Sharkey 1996 RCT Wrong intervention

Coker 1993 Observational Non-comparative study

7. Evidence synthesis:

Assessing the treatment of cryptococcal meningitis in HIV-infected patients, Tenforde et al. (Tenforde 2018) specifically
assessed the comparison of 2 weeks treatment with liposomal amphotericin B versus 2 weeks treatment with
amphotericin B deoxycholate.

Only 1 RCT by Leenders et al. compared a lipid-based amphotericin B preparation to conventional amphotericin B
(Leenders 1997). They assessed the outcome of mortality at 10 weeks (primary outcome) and 6 months (secondary
outcome) between the treatment of liposomal amphotericin B for 3 weeks and amphotericin B deoxycholate for 3
weeks (Table 1). The evidence from this RCT was classified as very low by the GRADE classification. There was no
significant difference in either of these outcomes (10 weeks: RR 0.43, 95% Cl 0.04 to 4.25; 6 months: RR 0.58, 95% ClI
0.11 to 2.94), however the trend was toward a benefit (Figure 1). No clinical relapses were observed during the 10-week
study period. No proven clinical relapses occurred during the 6-month or further follow-up.

Figure 1

Analysis 15.1. Comparison |5 Two weeks of L-AmB versus two weeks of AmBd, Outcome | Mortality.

Review: Treatment for HV-assocated oryptococcal meningitis
15 Two weeks of L-AmB versus two weeks of AmBd
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Regarding mycological outcomes, liposomal amphotericin B resulted in a CSF culture conversion within 7 days in 6 out of
15 patients versus 1 out of 12 for amphotericin B deoxycholate (P = 0.09). Within 21 days 11 out of 15 patients treated
with liposomal amphotericin B versus 3 out of 8 patients treated with amphotericin B deoxycholate had responded
mycologically (P = 0.18). When Kaplan—Meier estimates were used to compare time to CSF culture conversion, liposomal
amphotericin B was significantly more effective than for amphotericin B deoxycholate (P < 0.05) (Figure 2). The median
time to CSF culture conversion was between 7 and 14 days for liposomal amphotericin B versus > 21 days for
amphotericin B deoxycholate. A significant correlation was found between the time to CSF culture conversion and the
time to clinical response (r = 0.63; P < 0.001) (Figure 3).

Both treatment regimens were well tolerated. Concerning nephrotoxicity, when increases from baseline of serum
creatinine (SCr) levels at the various timepoints were analysed with repeated measurements ANOVA, it was found that
this increase was on average a factor of 1.37 (P = 0.003) greater in the amphotericin B deoxycholate treated patients.
Three patients treated with liposomal amphotericin B and four patients treated with amphotericin B deoxycholate
experienced hypokalaemia, but none of these patients had to discontinue therapy for this reason.

The systematic review and meta-analysis by Botero Aguirre et al. (Botero Aguirre 2015) looked at the benefit of using
liposomal amphotericin B, as compared to conventional amphotericin B regarding a two-fold increase in SCr from
baseline (Table 1). In this systematic review and meta-analysis comparisons were made using all indications for the use
of amphotericin B (Table 1). The risk was significantly reduced (RR 0.49, 95% ClI 0.40 — 0.59) with a moderate quality of
evidence (GRADE classification). The number needed to treat for this benefit (NNTB) is 6 patients (Figure 4).

Figure 2 Figure 3
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Fig. 1. Kaplan-Meier estimates of the proportion of patients mycological and clinical response show a significant corre-
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first 3 weeks of treatment, according to treatment group. Spearman rank conrelation test)

Nine RCTs included in the systematic review and meta-analysis by Botero Aguirre et al. (Botero Aguirre 2015) assessed
infusion related reactions between liposomal amphotericin B and conventional amphotericin B (sodium deoxycholate).
There was significant decrease in all infusion-related reactions in the liposomal group compared with the conventional
amphotericin B group (Figure 5).

The RCT by Leenders et al. was included in this systematic review and meta-analysis. Only one other included RCT
specifically looked at efficacy and safety outcomes in comparing liposomal amphotericin B with amphotericin B

deoxycholate for the management of cryptococcal meningitis (Hamill 2010) (Table 1).

Table 2 reports the primary efficacy end point for the comparison of liposomal amphotericin B versus amphotericin B
deoxycholate from Hamill et al. CSF culture results were negative at 2 weeks in 47.5% of patients who received
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amphotericin B deoxycholate, in 58.3% of those who received liposomal amphotericin B 3 mg/kg/day and in 48.0% of
those who received liposomal amphotericin B 6 mg/kg/day. None of these differences among the groups were
statistically significant. The lower bounds of the 95% Cls for the treatment differences (liposomal amphotericin B versus
amphotericin B deoxycholate) were all greater than -20% but not greater than 0. Consequently, liposomal amphotericin
B (combined, 3 and 6 mg/kg/day) was at least as effective as, but not superior to, amphotericin B deoxycholate with
regard to mycological success at week 2.

Figure 4

Analysis 1.1. Comparison | Liposomal versus conventional amphotericin B, Outcome | Increase in serum
creatinine level > two-fold increase from baseline level.

Review: Amphoterian B deowycholate versus iposomal amphotericin & effects on ladney function
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Heterogeneity Ta® = Q0 Ch* = 7.01, df = 9 (P = 0.64) P =0.0%
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The incidence of infusion-related reactions, as well as the individual frequencies of fever, chills or rigors and respiratory
events, were significantly lower for patients administered either dose of liposomal amphotericin B compared with
amphotericin B deoxycholate (Table 3). Significant anaemia, as indicated by a hemoglobin concentration <8 g/dL,
occurred less frequently in the liposomal amphotericin B 3 mg/kg/day arm (Table 4). Significantly fewer patients who
received liposomal amphotericin B 3 mg/kg/day developed nephrotoxicity, as indicated by a doubling of the SCr level (P
= 0.04) (Table 4); the difference for liposomal amphotericin B 6 mg/kg/day was not significant, although there was a
trend towards less nephrotoxicity (P = 0.066). Significantly fewer patients in the liposomal amphotericin B 3 mg/kg/day
arm developed serum potassium values <3 mmol/L than in the other 2 arms (Table 4).
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Figure 5
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Table 1

Author, date Type of n Population Comparators Primary outcome Effect sizes Comments
study
Botero Aguirre 2015 | Cochrane 2298 Patients Conventional Primary outcomes: Increase in serum creatinine: Overall, risk of bias in included
systematic | participants diagnosed with amphotericin e |ncrease in serum There was a significant studies was low or unclear for
review and | (2172 proven, B creatinine (SCr) level | increase in SCr level: most domains. However,
meta- participants probable or deoxycholate > than two-fold from | = two-fold from baseline level | blinding of participants and
analyses included in possible invasive baseline. with conventional personnel, blinding of outcome
the meta- fungal Secondary outcomes: amphotericin B assessment and other bias
analysis) infection were e 50% increase in SCr compared to liposomal (funding) tended to have a high
included, as well occurring at any time | amphotericin B (10 studies, risk of bias.
as those with during the study 2172 participants): RR 0.49,
documented period 95% Cl1 0.40 - 0.59; 12 = 0%). Summary of findings for the
or suspected e Discontinuation of main comparison provides a
neutropenia amphotericin B Infusion-related reactions: concise overview and synthesis
(absolute therapy due to There was significant of the volume and quality of the
neutrophil count nephrotoxicity as decrease in all infusion- evidence for the comparison
< 500 cells/ determined by the related reactions in the between liposomal and
mm?), those investigators liposomal group compared conventional amphotericin B
considered at e Increase in SCr>2 with the conventional group respect to the increase in SCr
high risk for mg/dL at any time (Analysis 1.2): fever (4 level > two-fold from baseline
developing during the study studies, 1092 participants): level.
invasive fungal period RR0.39, 95% Cl1 0.28
infection by e Change in creatinine | t0 0.55;12 =32%); chills Publication bias was not
investigators, clearance (CrCl) from | and/or rigours (5 studies, detected and several sensitivity
and those with beginning to end of 1081 participants): analyses were performed to
other infectious the study RR 0.27,95% CI 0.15 t0 0.48; | check the robustness of the
diseases o Infusion-related 12 = 75%); fever and/or effect estimate.
where reactions as rigours (2 studies, 720
amphotericin B determined by the participants): RR 0.68, 95% Cl
is used as investigators. 0.52 t0 0.90; 12 = 58%);
primary nausea (6 studies, 1187
treatment. participants): RR 0.50, 95% Cl
0.35t0 0.72; 12 = 0%); and
vomiting (3 studies, 1019
participants): RR 0.51, 95% Cl
0.27 t0 0.95; 12 = 61%).
Leenders 1997 Unblinded | 30(2 Inclusion 3 weeks of Primary outcome 10-week mortality RR 0.43 Certainty of evidence for this
RCT excluded after | criteria: conventional e Clinical and (95% CI 0.04 — 4.25) and 6- trial was classified as GRADE

randomization
including

HIV infected;
>18 years of age;

amphotericin
B

mycological response
at the completion of

month mortality RR 0.58
(95% Cl 0.11 —2.94)

very low (the true effect is likely
to be different from the
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comatose
patient
without
written
informed

family and
patient with

culture)

consent from

negative CSF

positive CSF
India ink or CrAg
with
confirmation by
positive CSF
culture or CSF
CrAg with
positive blood
culture

Exclusion
criteria: previous
cryptococcal
meningitis; SCr
>250 umol/L

deoxycholate
vs 3 weeks of
liposomal
amphotericin
B

Consolidation:
fluconazole
400 mg/day up
to 10 weeks,
then 200
mg/day
maintenance
dose

10 weeks (including
mortality and sterile
CSF culture)
Secondary outcomes
e Mortality up to 6
months

estimate of effect).
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Table 2

T L Efficacy of Liposomal Amphotericin B and Conventional Amphotericin B Deoxycholate (AmB)

No. (%) of patients, by regimen Treatment difference, % (95% CII*

Parameter L-AMB3 LAMB6  AmB L-AmB 3 vs AmB L-AmB 6 vs AmB
Mycological success®

Week 2 35(583) 3648 29 (475) 10.8 (-6.9 to 28.5) 05 (-164 t0 17.3)

Week 10 36(60) 53(70.7) 48(78.7)
Therapeutic success:" week 10 27 87.5) 42(73.7) 40 (75.5) -80(-26510106 -18(-18.110145)
Clinical success

Week 2° 48 (658 64 (75.3) 50 (65.8)

Week 10° 31(705) 43(729) 44(815)
Survival:! week 10 74 (86) 85(304) 77 (885)

NOTE. Cl, confidence interval; LAmB 3, icin at 3.0 mg/kg/day; L-AmB 6, | | ampl icin at 6.0

* Treatment differsnce for 1* end point for incidence of mycological success at week 2.
® All randomized patients who received =1 dose of study drug, had a positive baseline culture result, and underwent =1 follow-up culture.
© All randomized patients who received =1 dose of study drug, had a positive baseline culture result, and underwent 1 follow-up culture
(i, o luabh 3 and who therapy or died during weeks 2-10.
4 All randomized patients who received =1 dose of study drug and had a positive baseline culture result
® All randomized patients who received =1 dose of study drug and had a positive baseline culture result who compileted therapy or died
m.prquks:!-m.
Among the modified intent-to-treat population, the Kaplan-Meier estimate of patient survival was 83.6% (95% CI, 75.7%-91.6%) for the
ined lip in B groups and 87% (95% Cl, 79.5%-95.6%) for the amphotericin B group.

Table 3

Table 3. Incidence of Infusion-Related Reactions among Recipients of Liposomal Amphotericin B and
Conventional Amphotericin B Deoxycholate (AmB)

No. (%) of patients, by regimen P?
L-AmB3 L-AmB 6 AmB L-AmMB3 L-AMB6
Infusion-related reaction in=286 (h=94 (=87 vs AmB  vs AmB
Increase in temperature =1.0°C 67 885 24 276) <.001 <001
Chills andyor rigors 5 (5.8) 885 42483 <.001 <.001
Nausea 110128 130138 18(20.7) 222 241
Vomiting 14 (163) 13(138 16(18.4) E:23) 425
Respiratory system (any adverse event) 00 1(1.1) 8(9.2) 1007 015
Overall 27(31.4) 35(37.2) 58(66.7) <.001 <.001
NOTE. AE, adverse event; L-AmE 3, in at 3.0 mg/kg/day; L-AmB 6, lip icin at 6.0
mg/kg/day.
* Determined using the Fisher exact test.
Table 4
Table 4. Adverse Events among Recipients of Liposomal Amphotericin B and Conventional Amphotericin B Deox-
ycholate (AmB)
No. (%) of patients, by regimen P
L-AmB3 L-AmB6
Adverse event L-AmB3 L-AmB 6 AmB vs AmB vs AmB
Creatinine level of 2.0 times baseline and >1.2 mg/dL 12(149) 20(21.3) 29 (333) 004 066
Serum potassium level, <3.0 mmolL 8193 333510 26 (29.9) 00 529
Hemoglobin concentration, =8 g/dL 20(233) 39{415 38437 006 650
NOTE. L-AmB 3, liposomal amphotencin at 3.0 mg/kg/day, L-AmB €, lip amphotericin at 6.0 mg/kg/day.

a. Evidence quality:

The quality of evidence from the RCT by Leenders et al. was classified as very low by the GRADE classification in the
Cochrane systematic review. Hamill et al. was classified as a low risk of bias in the Cochrane systematic review.

8. Alternative agents:
None
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EVIDENCE TO DECISION FRAMEWORK

JUDGEMENT

SUPPORTING EVIDENCE & ADDITIONAL CONSIDERATIONS

What is the overall confidence in the evidence of

Very few trials available that looked at this specific

S w effectiveness? treatment comparison of liposomal amphotericin B versus
= z amphotericin B deoxycholate for the management of
E [=] Confident  Not Uncertain cryptococcal meningitis. The available evidence is moderate
g o confident regarding risk of bias.
L [x] [ ]

Do the desirable effects outweigh the undesirable The benefits of using liposomal amphotericin B outweigh the
. effects? risks, specifically regarding safety outcomes: nephrotoxicity,
“ g Benefits Harms Benefits = infusioh related reactions, electrolyte disturbances, and
il outweigh  outweigh  harmsor anaemia.
E T harms benefits Uncertain

B
o W Therapeutic alternatives available: There are no other alternatives available in South Africa for
= g Yes No Amphotericin B deoxycholate in the management of
@ § | | | X | cryptococcal meningitis
< O
o &
w W
T E
2
~ Is there important uncertainty or variability about how
g much people value the options?
S E . . .
= n__n' Minor Major Uncertain
(79
SR -
Q.
wl

3 o] Is the option acceptable to key stakeholders?
w << .
2 Yes No Uncertain
g [ ]
w How large are the resource requirements? Cost of medicines/unit:
(%)
=) Medicine Cost (ZAR)*
§ More Less Uncertain AmpB deoxylate 50 mg inj 81.63
8 intensive  intensive AmpB liposomal 50 mg inj 2905.87
@ [ x| L] [ ] *SEP database, 220ct2018
= Additional resources: n/a

Would there be an impact on health inequity? Significantly higher cost of liposomal amphotericin B could
> impact health equity.
5 Yes No Uncertain
g
O N -

Is the implementation of this recommendation feasible? Implementation is feasible, if restrictions are made to
E specific patients that will benefit from the improved safety
—
o Yes No Uncertain benefits of this agents.
2 ][]
(T8
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Type of recommendation

We
recommend
against the
option and
for the
alternative

We suggest
not to use the
option or
to use the
alternative

[]

We suggest
using either
the option or
the alternative

We suggest
using the
option

We
recommend
the option

[] [] L

Recommendation: The current evidence, although limited and of moderate risk of bias, shows that liposomal
amphotericin B is as efficacious as amphoteracin B deoxycholate in the management of cryptococcal meningitis.
Safety outcomes reflect the superiority of liposomal amphotericin B regarding infusion related reactions,
nephrotoxicity, hypokalaemia, and anaemia versus amphoteracin B deoxycholate. However, liposomal amphotericin
B is not currently considered affordable for inclusion on the Adult Hospital Level EML. As there may be a need for
consideration of liposomal amphotericin B in mucormycosis, the National Essential Medicines List Committee
(NEMLC) recommends that this be investigated for tertiary level of care.

Level of Evidence: Il Systematic review and meta-analysis of low to moderate quality RCTs
Review indicator: Price

Review indicators:

Evidence Evidence of Price

of efficacy harm reduction

[ ]
VEN status: n/a

Vital Essential Necessary

I I e

NEMLC MEETING OF 21 FEBRUARY 2019:
NEMLC ratified the medicine review and accepted the recommendation not to include liposomal amphotericin B in the
Adult Hospital Level EML, as although small and of moderate risk of bias, shows that liposomal amphoteracin B is as

efficacious as amphoteracin B deoxycholate in the management of cryptococcal meningitis, it is currently not
affordable.

Monitoring and evaluation considerations
Need for restriction and monitoring if allowed for use in patients that require it.

Research priorities
None
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