® CrossMark

Combination of Echinocandins and Tr

imethoprim/SquamethoxazoIe

for the Treatment of Pneumocystis jiroveci Pneumonia After Heart

Transplantation

Y-M. Lu%, Y.-T. Lee®, H.-C. Chang®, H.-S. Yang®, C.

?Division of Pharmacy, Cheng Hsin General Hospital, Taipei, Taiwan:

-Y. Chang®, C.-M. Huang®, and J. Wei"*

and PHeart Center, Cheng Hsin General Hospital, Taipei, Taiwan

ABSTRACT

Background. The echinocandins have shown anti
nonhuman animal models; however, the corresponding
rarely reported. We report a clinical picture of P jirove

the effects of concomitant therapy with e
sulfamethoxazole (SMZ).

Methods. We investigated a retrospective case seri
cipients with PJP from July 1988 to December 2015.
their demographic characteristics, underlying condi
prophylaxis, TMP-SMZ dosages, adverse events, e

outcomes.

Results. Eleven of 451 HT recipients developed PJP after a median duration
re treated with TMP-SMZ; 5 of them were t

after transplantation. All 11 we

~Preumocystis jiroveci activity in
human clinical experience has been
ci pneumonia (PJP) and determine

chinocandins and trimethoprim (TMP)-

es of heart transplantation (HT) re-
Recipient charts were reviewed for
tions, concomitant infections, PJP
chinocandin use, oxygenation, and

of 2.8 years
reated with

echinocandins added to the standard TMP-SMZ, regimen. The longest interval between

transplantation and PJP devel
recipients receiving TMP-SMZ, alone,
echinocandins as well. The most common
vomiting, metabolic acidosis,

psychosis after a median durati
psychosis increased from 25% i
those receiving TMP at >15 mg/kg/d.

Conclusions.
alleviate PJP developed after HT.
late onset of PJP. The typically

on of 6 days

opment was 16.
whereas it was 20%
side effects of TMP-SMZ include nausea and
and hyperkalemia. Five recipients developed acute

Echinocandins along with the standard TMP-SMZ re

3 years. The mortality rate was 33.3% in

in those receiving

of TMP-SMZ therapy. The incidence of

n recipients receiving TMP at <15 mg/kg/d to 100% in

gimen may effectively
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IN solid organ transplant recipients receiving standard
immunosuppressive therapy, the incidence of Preumo-
cystis Jiroveci pneumonia (PIP) is 5%-14% {1]. Higher
mortality rates have been reported in individuals without
human immunodeficiency virus (HIV) infection (39.4%)
than in HIV-infected patients (9.6%) [2]. Trimethoprim
(TMP)-sulfamethoxazole (SMZ) is the drug combination of
choice for PJP treatment {1,3]. Some patients with PJP are
intolerant or nonresponsive to TMP-SMZ, therapy [4-6]. In
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a casc note review of 962 cases of HIV-associated PJP
treated with TMP-SMZ, therapy was changed owing to 198
(20.6%) toxicity episodes [4]. Therefore, developing
alternative treatments may improve PJP outcomes,
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Preumocystis typically exists in small trophic forms as well
as larger cyst forms. Large cyst forms continuously generate
new trophic forms; therefore, these forms represent a major
organism reservoir {7,8]. In contrast to the trophic forms,
the main structural component of the cell wall in Prewmo-
cystis cysts is B-1,3-glucan [§,9]. The f-1,3-glucan synthesis
inhibitors echinocandins (eg, caspofungin, micafungin, and
anidulafungin) have shown anti-P jiroveci activity in
nonhuman animal models; however, the corresponding
human clinical experience has been rarely reported {7.9,141,
In humans, cell wall disruption is an attractive PJP treat-
ment target, particularly because of the absence of glucan in
human cells.

Here, we report the clinical picture of PJP among heart
transplantation (HT) recipients at our heart center and
determine the effects of concomitant therapy with echino-
candins and TMP-SMZ on PJP treatment outcomes.

METHODS

We investigated a retrospective case series of HT recipients with
PJP from July 1988 to December 2015. PJP was diagnosed using
polymerase chain reaction-based P jiroveci detection in sputum, All
infected recipients were treated with TMP-SMZ. Five were also
treated with echinocandins along with the standard TMP-SMZ,
regimen. Patients’ charts were reviewed to identify their
demographic characteristics, underlying conditions, concomitant
infections, PIP prophylaxis, TMP-SMZ dosages, adverse events,
echinocandin use, oxygenation (ie, partial pressure of arterial
oxygen/fraction of inspired oxygen [PaOy/FiO,]), and outcomes.

RESULTS

During the study period, orthotopic HT was performed on
451 recipients; of these, 11 (2.44%) developed PIP after
HT. A review of immunosuppressive agents indicated that
the combination of tacrolimus, mycophenolate, and pred-
nisolone was the most commonly prescribed. Two recipients
had been hospitalized to receive antirejection therapy 1
month before PJP development. In addition to PJP, 3
concomitant infections were detected, with cytomegalovirus
infection being the most common (n = 8), followed by
Candida albicans (n = 4) and rotavirus (n = 1) infections.

Five of 11 recipients took prophylactic TMP-SMZ for
durations ranging from 76 to 861 days. However, when PJP
developed, none of the 11 recipients were taking prophy-
lactic TMP-SMZ. All 11 recipients eventually developed
PJP after a median duration of 2.8 years after trans-
plantation. Five patients (45%) were diagnosed with PJP
within 2 years after HT, whereas the others (55%) devel-
oped PJP >2 years after of HT. The longest interval
between HT and PJP development was 16.3 years. All 11
recipients were treated with TMP-SMZ at a mean TMP
dosage of 11.4 mg/kg/d and a median therapy duration of 15
days (range, 6-34). Treatment of HT recipients with PJP
infection is summarized in Tuble 1.

Echinocandins were added to the standard TMP-SMZ,
regimen for 5 recipients: anidulafungin in 4 and
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caspofungin in. The median length of the echinocandin
therapy was 15 days (range, 6-19). The mortality rate was
33.3% for the 6 recipients treated with only TMP-SMZ,
whereas it was 20% for the 5 recipients taking additional
echinocandins. Figure 1 presents a comparison of the PaO,/
FiO; of the echinocandin + TMP-SMZ, and TMP-SMZ-
only groups. The mean PaO,/FiQ, on days 6 and 9 of
echinocandin + TMP-SMZ versus TMP-SMZ-only therapy
was 211 versus 185 mm Hg and 413 versus 224 mm Hg,
respectively.

The most common side effects of TMP-SMZ were nausea
and vomiting, metabolic acidosis, and hyperkalemia (Fig 2).
Acute psychosis occurred in 5 recipients after receiving
TMP-SMZ therapy for a median duration of 6 days (range,
3-13). The incidence of psychosis increased from 25% in
recipients receiving a daily TMP dose of <15 mg/kg to
100% in recipients receiving a daily TMP dose of >15 mg/
kg. One patient was intolerant to TMP-SMZ, as indicated
by a severe cutaneous reaction that was resolved after
changing TMP-SMZ to primaquine and clindamycin.

DISCUSSION

Utili et al [7] reported that in 4 transplant recipients for
whom caspofungin was used as an additional drug along
with the standard TMP-SMZ. regimen, rapid improvement
and complete alleviation were observed. In contrast, in a
retrospective review, 2 leukemia patients diagnosed with
PIP died despite prolonged echinocandin treatment [10].
Clinical experience of echinocandins in the treatment of
PJP is rare. Tablc 2 summarizes the characteristics of the
reported cases of echinocandin use for PJP. In our pre-
liminary experience, the mortality rate was 33.3% for
treatment with TMP-SMZ alone and, in contrast, 20% after
addition of echinocandin to the regimen. The 33.3% mor-
tality observed for TMP-SMZ alone was similar to that
reported previously [2]. After 1 week of treatment, the
PaOy/FiO; in the echinocandin + TMP-SMZ group was
greater than that in the TMP-SMZ-only group. Limitations
of this retrospective study included missing data for PaQ,/
FiO; and small sample size.

Definitive evidence for the ideal duration of PJP pro-
phylaxis is unavailable. Experts have suggested that it should
be 6 months to 1 year for kidney transplantation recipients
and >1 year for heart, liver, intestine, and lung trans-
plantation recipients |1,15]. Craker {16] reported a case of
PJP occurring >8 years after cardiac transplantation. In the
present study, the longest interval between HT and PJP
development was 16.3 years. The duration of PJP prophy-
laxis at our heart center has been changed from ~2 years to
lifelong.

The TMP-SMZ therapy for treating PJP typically has
intolerable side effects, the worst of which are nausea and
vomiting and acute psychosis. Saigenji et al [17] reported 5
patients with PJP developed after HT, and the identified
side effects of TMP-SMZ were nausea, vomiting, and
anorexia, which were presented by 4 patients (80%). Our
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Fig 1. Daily oxygenation (Pa0,/Fi0,) in the echinocandin + TMP-SMZ and TMP-SMZ-only groups. Abbreviations: Pa0,, partial pres-
sure of arterial oxygen; FiO,, fraction of inspired oxygen. *Mean + SD.

results corroborated this observation, with 8 of our re-
cipients (73%) exhibiting nausea and vomiting. Further-
more, 45% of our HT recipients developed acute psychosis
while receiving TMP-SMZ, a less favorable proportion
compared with renal transplantation recipients (20%) {18]
and HIV-infected patients (11.9%) {19]. Here, the onset
of psychosis symptoms occurred after 6 days (range, 3-13)
of TMP-SMZ use. Similarly, for renal transplantation re-
cipients and HIV-infected patients, the intervals were 3 days
(range, 2-10) [18] and 5 days (range, 3-11) [19], respec-
tively. The incidence of psychosis increased from 25% in
recipients receiving a daily TMP dose of <15 mg/kg to

Skin rash
Cholestatic / ALT
Nephrotoxicity
Amnemia
Thrombocytopenia

Acute psychosis

Hyperkalemia

Nausea / vomiting

100% in recipients receiving a daily TMP dose of >15 mg/
kg. Thus, acute psychosis was a dose-related side effect, an
observation corroborated by Lee et al [19].

The TMP dosage recommendation for PJP treatment,
established by Hughes et al [20], is 20 mg/kg/d; those au-
thors had prescribed it for pediatric oncology patients
and then extrapolated it to adult patients [21]. Dose per
weight, however, is higher in children than in adults for
achieving similar peak levels of TMP-SMZ, [22]. Excessive
drug concentrations may be consumed in cases where adult
patients are treated with an extrapolated mg/kg dose for
children. Intolerable adverse effects occurred when the
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Fig 2. Adverse effects associated with high-dose TMP-SMZ therapy. Abbreviation: ALT, alanine transaminase.
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Table 2. Clinical Characteristics of the Reported Cases of Echinocandins Use for Pneumocystis jiroveci Pneumonia
Length of Echinocandin
Author Cases Age (y) Sex (M/F) Underlying Conditions Treatment Regimen Therapy (d) Outcome
Kim et al 6} 4 1, 46, 57, 63 4/0 SCID: 1 TMP-SMZ + caspofungin 4-25 Alive: 1;
Liver transplant: 2: Died: 3
Kidney transplant; 1
Utili et al {7} 4 28,57, 58, 59 2/2 Renal transplant: 2; TMP-SMZ + caspofungin 7-16 Alive: 4
Heart transplant: 2
Kamboj et al [10] 2 13, 42 1A Lymphoeytic leukemia: 1; TMP-SMZ + micafungin: 1 18-30 Died: 2
Stem cell transplant; 1 pentamidine + caspofungin: 1
Tu et al {11] 3 35, 43, 61 3/0 Renal transplant: 3 TMP-SMZ* + caspofungin 14 Alive: 2;
Died: 1
Annaloro et al {12] 1 45 1/0 Bone marrow transplant TMP-SMZ + caspofungin 45 Alive: 1
Hof et al [13] 1 60 1/0 Wegener granulomatosis Caspofungin >21 Alive: 1
Ceballos et al [14] 1 39 1/0 51\ TMP-SMZ + caspofungin NA Alive: 1

Abbreviations: HIV, human immunodeficiency virus; SCID, severe combined immune deficiency; TMP-SMZ, trimethoprim-sulfamethoxazole.

*Low-dose.

aforementioned recommended dosages were prescribed to
healthy adults {21]. The present study showed similar
negative results when 15-20 mg/kg/d TMP-SMZ, adjusted
according to the patient’s renal function, was used to treat
HT recipients. To reduce the likelihood of severe toxicity,
Sattler et al [25] argued that the TMP-SMZ, dosage should
be adjusted to maintain serum TMP concentrations at 5-8
pg/mL. Consequently, the required dosage was adjusted to
12 + 2.7 mg/kg/d for retaining the efficacy similar to that of
the conventional method [23]. Tu et al [11] reported 3 cases
of severe PJP in renal transplantation recipients treated
with a combination of caspofungin and low-dose TMP-
SMZ. The combined treatment potentially alleviated PJP
and reduced the incidence of TMP-SMZ-related adverse
effects [11].

CONCLUSION

Echinocandins along with the standard TMP-SMZ, regimen
are potentially useful for effective alleviation of PJP after
HT. The ideal duration of prophylaxis can be lifelong owing
to the late onset of PJP after HT. Dosage adjustments may
be required to minimize the typical intolerable adverse ef-
fects of TMP-SMZ therapy for PJP.

REFERENCES

[1] Munksgaard B. Pneumocystis jirovec (formerly Preumocysti
carinii). Am J Transplant 2004:4(Suppl 10):135-41.

[2] Mansharamani NG, Garand R, Dela ey D, Koziel H.
Munagement and outcome patterns for adult Prewsr VSIS ¢ i
pncumonia, 1955 to 1995: compuarison « i
otber immunocompromised states. Chest 20K

(3] Cooley L. Dendle C, Wolf J, et ai. Consensus guid
diagnosis, prophylaxis and munagen ; i
preumonia in patients with hacmatological and solid malie
Intern Med J 2014;44:1350-063.

[4] Helweg-Larsen J, Benficld T, Atzori C, Miller RE, Clinical
efficacy of first- and second-line treatments for HIV-associ I
Pnewmocystis  jirovecii  pneumonia. ] Antimicrob  Chemot

LY INOCYIILS Jix

[5] Thom .

et AH. Preumnocysiis pneumonia. N Engl J

Med L + 0.
[6] Kim T, Hong HL, Lee YM, et al. Is caspofun: in really an
ective {r n siis firovecii pneumonia in immu
YMPron patients without human immunodeficiency virus
infection? Scand J Infect Dig 2013;45:484~-8
[7] Utili R. Durante-Mangoni E, Basilic M g
J"\.";.Jﬂ: I wddi to

Grossi P. Efficacy of « spofungi
rimethoprim-sulfamethoxazole treatment fo
pneumonia in solid org
T R4:685-8.

[8] Thomas CF, Limper AH. Current insi

evere Prcumaocyst

n transplant recipients. Transplantati

s into the biolog

nd pathogenesis of Preusmocysiis pneumonia. Nat Rev Microbiol
K 7;5:298-308.
[9] Cushion MT, Linke MJ, Ashbaugh A et al. inocandin
iment of Prewmocysiis preumonia in rodent ; 5 deplete

cysts leaving trophic burdens that can not |
PLoS One 2010;5:¢8524,
[10] Kamboj M, Weir ion of
jiroveci pneumonia in patients receiving echinocandin
therupy. Clin Infect Dis 2006:43:c92-4.
u GW, Ju MI, Xu M, L. Combination of caspofungin
d iow-dose trimethoprim/sulfamethoxazole for the nt of
cre Preumocystis jirovecii pneumonia in renal transplant re-
cipients. Nephrology 2013;18:73¢
[12] Annaloro C, Della Ve Ipe A :
Deiiliers G. Caspofungin tre ent of Pneumocystis
during conditi
Micrabiof Infect

stock D, Sepkowitz KA. Progres

"

o

1CUmOnia

rrow transplantation. Eur J Clin

[13] Hof H, Schnulle P. P VSIs | poey il
atient with W er's granulomatosis treated eff ciently with
caspofungi 2008;51(Suppl 1):65-7.
[14] Ortega M. Andrese
an -Ui\"—

\}\Ui(.j‘».:‘} ¢l
n cCipicnis: ¢

plant 2009:9(Supp! 3):51-155,
[16] Craker LR. Late presentation of Pneumocystis jiroveci
pneumonia after cardiac transplantation, BMJ Case Rep 2010.
httpy//dx.doi.org/10.1136/bcr.06.2010.311 ik
Saigenji H, Kaneko M, Rhenmen B
pneumonia after heart transplantatio
[18] Walker LE, Thot
nong renal transplan




1898

[19] Lee KY, Huang CH, Tang HIJ, et al. Acute psychosis related
to use of trimethoprim/sulfamethoxazole in the treatment of
HIV-infected patients with Prewmocystis jirovecii poeumonia.
J Antimicrob Chemother 20]2:67:2749-54,

[20] Hughes WT, Feldman S, Sanyal SK. Treatment of Pre-
mocystis carinii pneumonitis with trimethoprim-sulfamethoxazole.
Can Med Assoc J 1975;112:475-508.

[21] Stevens RC, Laizure SC, Williams CL, Stein DS. Pharma-
cokinetics and adverse effects of 20-mg/kg/day trimethoprim and

LU, LEE, CHANG ET AL

100-mg/kg/day sulfamethoxazole in healthy adult subjects. Anti-
miczob Agents Chemother 1991;35: 188450,

[22] Siber GR, Gorbam CC, Ericson JF, Smith AL Pharmacokinetics
of intravenous trimethoprim-sulfamethaxazole in children and adults with
nornal and impaired renal function, Rey Infect Dis 1982:4:566~78.

[23] Sattler FR, Cowan R, Nielsen DM, Ruskin J. Trimetho-
prim- sulfamethoxazole compared with pentamidine for treatment
of Preumocystis carinii pneumonia in the acquired immunodefi-
ciency syndrome. Amn Intern Med 1988:109:280-7.





