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INTRODUCTION are at an especially high risk of this infectious compli-
cation.'” Prophylactic measures such as the intermittent
Pneumocystis jirovecii can cause life-threatening pneu- administration of trimethoprim/sulfamethoxazole (TMP/
monia (PjP) and patients with haematological malignan- SMX) have significantly decreased morbidity and mortal-

cies, or undergoing haematopoietic cell transplantation, ity due to this infection.* There is, however, a paucity of
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contemporary data on the incidence and clinical course of
PjP in well-defined and homogenous patient populations,
such as in children suffering from acute lymphoblastic
leukaemia (ALL). Here we provide a detailed analysis on
PCP diagnosed in children with ALL who were enrolled
and treated in the multi-international trial AIEOP-BFM
ALL 2009.

PATIENTS AND METHODS

Details of the study population, anti-neoplastic treatment
modalities and data collection have already been reported.’
Briefly, a total of 6136 children diagnosed with ALL and
enrolled as study patients in the international, multicen-
tre and prospectively randomized Phase III clinical trial
AIEOP-BFM ALL2009 (EudraCT 2007-004270-43) were
included in the analysis. The study was performed in seven
countries (Germany, Austria, Switzerland, Italy, Israel, the
Czech Republic and Australia) between 1 June 2010 and 28
February 2017. The study was approved by the appropriate
national and local review boards and was conducted in ac-
cordance with the Declaration of Helsinki and national laws.
Informed consent was obtained from the parents or guard-
ians of each patient included in the study, as required by
ethical standards and national guidelines.

Invasive fungal disease, including PjP, was considered a
serious adverse event (SAE) of special interest, and data were
prospectively captured and reported by the participating in-
stitution. Reporting of SAEs was mandatory. PjP was catego-
rized as proven or probable according to recently published
and updated definitions of Pneumocystis jirovecii disease in
individuals without human immunodeficiency virus infec-
tion® and severity according to a grading system reported
in the European Conference on Infections in Leukaemia
(ECIL) guidelines.7

RESULTS

Out of 6136 children and adolescents enrolled in the clini-
cal trial, six patients [two females, four males, median
age (range) 10.7years (1.1-16.4)] were diagnosed with PjP
(Table 1 and Figure 1). Five patients had precursor B-ALL,
and one T-ALL. PjP prophylaxis was prescribed in all ex-
cept one patient and consisted of TMP/SMX. In patient #6,
TMP/SMX prophylaxis was switched to pentamidine prior
to infection due to hepatopathy. In one patient (#2), oral
TMP/SMX was delayed as he had difficulties tolerating oral
medication, and the intake of prednisone was prioritized at
that time. Insufficient compliance with TMP/SMX prophy-
laxis was documented in four patients (#1, #3, #4 and #5).
PjP infection occurred at an early phase of treatment in one
patient (patient #2, second phase of induction therapy) and
in one patient (#6) during re-intensification, whereas it was

diagnosed in four children during, or soon after, mainte-
nance therapy (Table 1 and Figure 1).

At the onset of PjP infection, all patients had lymphocyte
counts <1000/pL [median (range) 370/uL (220-600)]. In two
patients, PjP infection was confirmed by microscopic detec-
tion, and in four patients, a ‘probable’ PjP was diagnosed by
molecular detection.’®

The clinical course was severe in all patients, with four
being admitted to the ICU and three of them requiring me-
chanical ventilation. Primary treatment consisted of TMP/
SMX, and adjunctive corticosteroids were given to five pa-
tients. Of note, anti-leukaemic chemotherapy was inter-
rupted in all patients who were on anti-neoplastic treatment
at the time of infection [median time (range): 22 days (15—
20)]. PjP ultimately resolved in all patients, and all were alive
1 year after infection (Table 1 and Figure 1).

DISCUSSION

In the 1970s, it became clear that children with cancer, in
particular those treated for haematological malignancies,
have a high risk of PjP, and at that time, PjP was the most
common cause of death in patients with leukaemia in re-
mission."” The fact that T-cell deficiency and T-cell-specific
therapy are the most important risk factors for PjP may
explain the observation that the majority of infections oc-
curred in patients during maintenance therapy.® This phase
of therapy is characterized by long-lasting T lymphopenia,
whereas T-cell recovery is relatively rapid after short courses
of intensive cytotoxic therapy, particularly in younger pa-
tients.”'" Subsequently, it could be demonstrated that in-
termittent chemoprophylaxis with TMP/SMX significantly
reduced the risk of PjP* and current guidelines recommend
prophylaxis with TMP/SMX in children with haematologi-
cal malignancies either once (recommendation grade BII) or
twice to three times a week (AI).!! Pentamidine aerosols and
atovaquone are recommended as second-line prophylaxis
in the paediatric setting (BII)."" It is, however, important to
note that second-line PjP prophylaxis has been reported to
have a lower efficacy than TMP/SMX,'*"? and therefore, PjP
in patient #6 may be attributed to the switch to pentamidine.
With these prophylactic regimens, PjP has become a rare
infectious complication in children with cancer, and most
infections occur in patients who do not receive, or fail to
comply with, the prescribed prophylaxis, which is corrobo-
rated by our observation."*

Importantly, most analyses on PjP in the setting of paedi-
atric cancer patients have major limitations as they are based
on case series from surveys, which may be affected by report-
ing bias, or on heterogeneous patient populations, which do
not allow for a solid conclusion on its actual epidemiology."”
We believe our contemporary, prospective data of a large
randomized multi-international trial on paediatric ALL is
unique in that it demonstrates an incidence rate of 1/1000 of
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Multinational Trial AIEOP-BFM ALL2009
6136 patients

r

Mandatory prospective recording of IFDs
including PjP as severe adverse events
(SAE) using EORTC/MSGERC criteria

6/6136 patients with proven (n=2) or
probable (n=4) PjP
2 during intensive chemotherapy, 4
during/soon after maintenance therapy

Lack of PjP prophylaxis in 5 patients!

All patients had severe disease according
to ECIL criteria
4 patients with ICU admission
3 patients with mechanical ventilation

All patients treated with TMP/SMX
5 patients received adjunctive
corticosteroids

"

All patients alive 1 year following diagnosis
of PjP

FIGURE 1 Summary of patients, treatment, course of disease
and outcome. ICU, intensive care unit; IFD, invasive fungal disease;
PjP, Pneumocystis jirovecii pneumonia; SMX, sulfamethoxazole; TMP,
trimethoprim.

PCP in children and adolescents with ALL, whereas in other
reports a reliable denominator is missing."”

Consistent with historical data, the clinical course of the
infection was severe in all six patients, with four being ad-
mitted to ICU and three of them requiring mechanical ven-
tilation." One patient had a coinfection with Aspergillus
fumigatus and influenza A, which has been reported to be not
uncommon in cancer patients with PjP.” Atypical pulmonary
presentations or extra-pulmonary manifestations, as occa-
sionally observed in patients with advanced HIV infections,
were not observed."” All patients received the recommended
first-line therapy, and all but one received adjunctive thera-
peutic corticosteroids. The effect of corticosteroids, however,
is not clear, as a significant proportion of cancer patients with
PjP had been treated with corticosteroids prior to PjP infec-
tion, as was the case in two of the six patients in the present
analysis.”®

Whereas historical analyses reported a high mortality
from PjP in cancer patients,' all our patients survived the
infection. However, survivors of PjP may have a risk of
chronic lung injury," and the initiation of a specific fol-
low-up should be discussed on a case-to-case basis. In ad-
dition, chemotherapy was interrupted in all patients who
were on anti-neoplastic treatment at the time of infection,
but it is unclear whether this treatment delay has an impact
on overall outcome, as it was speculated in the overall anal-
ysis of invasive fungal disease in our cohort of patients.’

We recognize that our analysis also has limitations. For
example, although prophylaxis is recommended by interna-
tional guidelines,'’ we have no data on the actual prescrip-
tion of and compliance with PjP prophylaxis in the different
institutions. Nevertheless, our study in children with ALL
treated according to AIEOP-BFM ALL 2009 demonstrates
that PjP occurs with an incidence of 1/1000 in this patient
population, and is mainly associated with insufficient pro-
phylaxis. Although survival of the infection is excellent, the
long-term impact is unclear.
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