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Atypical Prneumocystis jirovecii pneumonia in previously untreated
patients with CLL on single-agent ibrutinib
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Ibrutinib is not known to confer risk for Pneumocystis jirovecii pneumonia (PCP).
We observed 5 cases of PCP in 96 patients receiving single-agent ibrutinib, including
e Treatment with single-agent 4 previously untreated. Clinical presentations included asymptomatic pulmonary
ibrutinib can increase infiltrates, chronic cough, and shortness of breath. The diagnosis was often delayed.
susceptibility to PCP in Median time from starting ibrutinib to occurrence of PCP was 6 months (range, 2-24).
chronic lymphocytic leukemia The estimated incidence of PCP was 2.05 cases per 100 patient-years (95% confidence
patients. interval, 0.67-4.79). At the time of PCP, all patients had CD4 T-cell count >500/pL
+ Key components of PCP (me_dlan, 966/pL) and immunoglobulin G (IgG) ">500 nlg/dL .(med!a_n, 727 mg/dL). All
diagnosis are increased patllents un'der\fvent bronchoal\{eolar lavage. P]erVE.CII was |d.er:|t|f|ed by po!Ymerase
L .. chain reaction in all 5 cases; direct fluorescence antibody staining was positive in 1.
clinical SUSp'C'or_] and_ All events were grade <2 and resolved with oral therapy. Secondary prophylaxis
adequate sampling with was not given to 3 patients; after 61 patient-months of follow up, no recurrence occurred. Lack
diagnostic bronchoscopy. of correlation with CD4 count and IgG level suggests that susceptibility to PCP may be linked
to Bruton tyrosine kinase (BTK) inhibition. If confirmed, this association could result in
significant changes in surveillance and/or prophylaxis, possibly extending to other BTK inhibitors. This trial was registered at www.
clinicaltrials.gov as #NCT01500733 and #NCT02514083. (Blood. 2016;128(15):1940-1943)

Introduction

in accordance with the Declaration of Helsinki (#NCT01500733 and
#NCTO02514083). All patients provided written informed consent. Patients
with respiratory symptoms or abnormal chest computed tomography (CT)
findings underwent comprehensive workup, including bronchoalveolar

The Bruton tyrosine kinase (BTK) inhibitor ibrutinib is approved for
treatment of chronic lymphocytic leukemia (CLL), Waldenstrom
macroglobulinemia, and mantle cell lymphoma. Ibrutinib is associated
with lower rates of infection' compared with combination chemo-

immunotherapy in CLL.>* Pneumonia is the most common pre-
sentation of infection associated with ibrutinib found in 4% to 17% of
patients,"*> and, thus far, has not been linked to specific opportunistic
pathogens. The risk of infection appears to be highest in the first 6
months and decreases thereafter, consistent with indications of improv-
ing immune function on ibrutinib.® Although Preumocystis jirovecii
pneumonia (PCP) has been rarely reported in previously untreated
CLL,”® treatment with a fludarabine-based regimen has long been
thought to increase the risk of PCP® and prophylaxis is recommended
for patients treated with chemoimmunotherapy.®*' Here we report,
for the first time, 5 cases of PCP in 96 CLL patients treated with single-
agent ibrutinib under 2 prospective studies.

Study design

Two investigator-initiated studies were approved by the Institutional Review
Board of the National Heart, Lung, and Blood Institute, and conducted

lavage (BAL). BAL samples were cultured for bacteria and fungi, tested
for viruses by polymerase chain reaction (PCR) and for P jiroveciiby PCR,
direct fluorescent antibody (DFA), and Gomori-methenamine silver stains.
Patients were diagnosed with PCP based on positive P jirovecii PCR in
BAL, accompanied by respiratory signs and symptoms or CT abnormalities
that could not be explained by other pathogens, and resolved with anti-
Pneumocystis treatment.

Results and discussion

The estimated incidence of PCP was 2.05 cases per 100 patient-
years (95% confidence interval, 0.67-4.79). The estimated cu-
mulative incidence of PCP was 4.5% at 1 year, and 5.6% at
2 years (Figure 1A)."" Four patients were previously untreated
and none were on long-term steroids or other immunosuppressive
agents. Baseline characteristics and clinical presentations are
summarized in Table 1. Median time from the start of ibrutinib
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Figure 1. Estimated cumulative incidence rate and
radiologic presentation of P jirovecii in a CLL patient A

treated with ibrutinib. (A) The estimated cumulative 20 4
incidence of PCP in CLL is 4.5% at 1 year on ibrutinib, and
5.6% at 2 years and thereafter. The cumulative incidence
of PCP was estimated by considering deaths or early
discontinuation of ibrutinib without PCP as competing risk
events; otherwise, patients on ibrutinib treatment were
censored at the last follow up if no PCP was observed."
(B-E) Chest CT images of 2 patients are shown who were
diagnosed with and treated for PCP while on ibrutinib. The
first patient presented with multifocal ground-glass opacifi-
cies (B), which significantly improved after treatment of PCP
(C). The second patient presented with unilateral nodular
infiltrates (D), which resolved after treatment (E).
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to the onset of PCP was 6 months (2-24 months). Clinical presenta-
tions varied between asymptomatic and mild dyspnea and cough,
sometimes chronic. CT showed multifocal nodular infiltrates. In
2 cases, the lack of suspicion for PCP resulted in months of
diagnostic workup and ineffective treatments. Pneumocystis was
identified by PCR in BAL in all 5 cases and by DFA in 1 case.
Other microorganisms were concurrently isolated in 3 patients
(Table 1) but were not considered to be likely pathogens. All
patients had a CD4™ T-cell count >500/uwL (median, 966/pL)
and IgG >500 mg/dL (median, 727 mg/dL) at the time of or less
than 2 months prior to PCP diagnosis. All patients responded
clinically and radiologically to oral therapy, with trimethoprim/
sulfamethoxazole (TMP/SMX) in 4 patients, and TMP/SMX fol-
lowed by atovaquone in 1 patient. No patient required IV anti-
biotics, steroids, or ventilatory support. Two patients received
secondary prophylaxis due to the anticipated addition of chemo-
immunotherapy as planned by the trial. Two case descriptions
follow.

Case #1

A 69-year-old male with CLL presented after 2 cycles of ibrutinib.
Restaging CT scan prior to cycle 3 showed a reduction of lymph-
adenopathy and splenomegaly, but revealed a new ground-glass
opacity in the left lower lung lobe (Figure 1B). He denied respira-
tory symptoms or fever. BAL was negative except for positive PCR
for P jirovecii. DFA and Gomori-methenamine silver stains were
negative. Treatment with TMP/SMX was administered for 21
days followed by prophylaxis. Follow-up chest CT a month after
PCP diagnosis showed near complete resolution of the infiltrate
(Figure 1C).

Case #2

A 65-year-old male with CLL and hypogammaglobulinemia
supported with IVIG replacement for years began ibrutinib. At
23 months on ibrutinib, he reported a dry cough that had persisted for
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Table 1. Patient characteristics and clinical presentation of PCP
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Pre-ibrutinib Pre-PCP*
CD4/pL CD4/pL
Rai stage CD8/pL  1gG mg/dL CD8/pL  1gG mg/dL
Patient FISH, ALC/pL CD19/pL IgM mg/dL ALC/pL CD19/pL IgM mg/dL Presentation and Treatment
Age/Sex IGHV ANC/pL NK/pL IgA mg/dL. ANC/pL NK/pL IgA mg/dL diagnosis of PCP and outcome
PCP#1 69/M |l Del17p, IGHV-M 39830 1593 500 135940 N/At N/At TT-PCP: 1.9 mo; TMP/SMX 2DS thrice
daily, then twice daily
for a total of 21 d;
2140 876 18 2920 CT: multifocal infiltrates Resolved, on
(Figure 1B); prophylaxis (Figure 1C)
36 763 47 BAL: PCR+, DFA—,
239 no other pathogen
PCP#2 68/M 1 Tri12, IGHV-U 5820 639 487 1810 551 727% TT-PCP: 23.6 mo; TMP/SMX 2DS thrice
daily, then switched
to atovaquone 750 mg
twice daily for a total
of 21 d;
4420 267 6 4820 201 6 CT: focal infiltrates; Resolved, no prophylaxis
5108 33 6 31 BAL: PCR+, DFA—,
182 146 coexisting Mycobacterium
gordonae
PCP#3 72/M  Ill Normal, IGHV-U 90 830 1362 1013 115690 N/At N/At TT-PCP: 1.9 mo; TMP/SMX 2DS twice
daily for 18 d;
1870 1181 86 1060 CT: bilateral infiltrates; Resolved, on prophylaxis
88014 127 BAL: PCR+, DFA—,
91 no other pathogen
PCP#4 78M§ IV Tri12, IGHV-U 184 524 2074 935 79310 966 809 TT-PCP: 6.0 mo; TMP/SMX 2DS thrice
daily for 14 d;
12870 2860 27 5650 1277 84 CT: bilateral infiltrates; Resolved, no prophylaxis
177 800 211 61825 185 BAL: PCR+, DFA+;
1790 1473 coexisting S aureus
and rhino/enterovirus
PCP#5 70/M Il Tri12, IGHV-U 191310 2704 514 1470 734 615 TT-PCP: 11.6 mo; TMP/SMX 2DS thrice
daily for 21 d;
1970 1341 54 4760 350 97 CT: nodular infiltrates Resolved, electively
(Figure 1D); began prophylaxis a
164597 49 69 126 BAL: PCR+, DFA—, year after PCP
938 106 coexisting Penicillium (Figure 1E)

All patients, except for PCP#4 received ibrutinib as first-line therapy.

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CD4, absolute CD4 " T-cell count; FISH, fluorescence in situ hybridization (Del17p: deletion 17p, Tri12:
trisomy 12); 19G, immunoglobulin G; IGHV, Ig heavy chain variable (M: mutated, U: unmutated); NK, natural killer; S aureus, Staphylococcus aureus; TMP/SMX, trimethoprim/
sulfamethoxazole; TT-PCP, time from the start of ibrutinib until the first diagnosis of PCP.

*ALC and ANC were assessed within 1 week prior to PCP diagnosis. Lymphocyte and Ig subsets were assessed within 2 weeks prior to PCP diagnosis.

1No lymphocytes subset or Ig data are available between starting ibrutinib and PCP diagnosis for the 2 patients diagnosed at 2 months on single-agent ibritinib.

fPatient was receiving IVIG replacement.

§Patient was previously treated with two lines of therapy prior to ibrutinib. All other patients were previously untreated for CLL prior to ibrutinib.

7 months despite empiric treatments with moxifloxacin and oral
steroids. Chest CT showed thickened bronchioles and small bilateral
ground-glass patches. Sputum grew Klebsiella pneumoniae, which
was initially treated with oral levofloxacin and subsequently with
the addition of inhaled tobramycin without improvement of symp-
toms. BAL revealed positive P jirovecii by PCR. No other pathogen
was identified. He was started on TMP/SMX but a new rash prompted
switching to atovaquone. The cough improved after 1 week of therapy,
and then resolved completely. He was not given PCP prophylaxis and
has remained well.

To our knowledge, this is the first report of PCP in patients
treated with single-agent ibrutinib. PCP appears to be related
to ibrutinib as all 5 patients were diagnosed with PCP during
ibrutinib-only periods. Two patients, treated under the study using
ibrutinib and short-course fludarabine, developed PCP during
ibrutinib-only cycles, and none was exposed to fludarabine prior to
PCP. The remaining 3 patients were treated under a different study
using single-agent ibrutinib. Four of 5 cases occurred in previously

untreated patients receiving ibrutinib in first-line and presented as
mild disease, varying from asymptomatic multifocal pulmonary
infiltrates to chronic cough. Atypical presentations of PCP have
been described,”'? but it is unclear if mild disease reflects the
natural history of PCP in this patient population or increased
vigilance and early identification.

PCP is best known as the cause of severe interstitial pneumonia
in AIDS patients. However, due to improved treatment of HIV,
some institutions now find most PCP cases in HIV-negative im-
munocompromised individuals.'> HIV-negative patients present
with a lower burden of pathogen, which limits the diagnostic
sensitivity of staining methods.'> Although some controversy
remains regarding the significance of a positive PCR with a negative
in,'> in our cases, the presence of a compatible clinical picture,
lack of other likely pathogens, and response to anti-Preumocystis
treatment allow us to make the diagnosis of PCP by PCR only. Of
note, the 1 case with positive DFA (case #4) was quite similar to
the others.
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The mechanism by which ibrutinib may increase susceptibility to
Preumocystis requires additional study. Although T cells are consid-
ered the most important immune component to control Preumocystis
(with <200 CD4™" T cells/wL commonly used to define risk),"® data
support a role for both B cells and macrophages. Of interest, PCP has
been described in X-linked agammaglobulinemia (a BTK deficiency)
as the initial manifestation of the immunodeficiency.'® Almost all these
cases happened as the presenting infection, suggesting that hypo-
gammaglobulinemia plays a role and that IVIG replacement may be
beneficial. Additionally, there is also an increased frequency of PCP in
patients treated with anti-CD20 monoclonal antibodies regardless of
Ig levels, supporting the importance of additional functions of B cells
such as antigen presentation.'” Other B-cell immunodeficiencies, such
as CD40 and CD40 ligand deficiency, are also known to have an
increased risk of PCP.'® Finally, the effects of BTK inhibition on
monocyte function may also contribute, given that alveolar macro-
phages are necessary to clear the organism. "’

Establishing the risk of PCP in patients treated with ibrutinib will be
important to decide whether prophylaxis or increased surveillance is the
appropriate strategy. It is noteworthy that 3 patients in our series did not
receive immediate secondary prophylaxis and all have remained free of
recurrence; one of the patients electively began TMP/SMX after a year
of observation. Currently, we do not advocate universal Pneumocystis
prophylaxis for patients receiving ibrutinib in the absence of other risk
factors, but we believe that increased awareness and active vigilance are
appropriate.

PNEUMOCYSTIS INFECTION AND IBRUTINIB 1943

Acknowledgments

The authors thank the patients for participating and donating samples
to make this research possible, and acknowledge Pharmacyclics Inc
for providing study drug and comments on a draft of this manuscript.

This work was funded by the Intramural Research Program of
the National Institutes of Health National Heart, Lung, and Blood
Institute and the National Cancer Institute.

Authorship

Contribution: X.T. performed statistical analyses; and all authors
participated in the research concept and design, acquisition and
interpretation of data, and manuscript preparation.

Conflict-of-interest disclosure: A.W. received research funding
from Pharmacyclics Inc. The remaining authors declare no competing
financial interests.

Correspondence: Juan Gea-Banacloche, National Cancer Institute,
National Institutes of Health, 10 Center Dr, Room 13E/3-3330,
Bethesda, MD 20892; e-mail: banacloj@mail.nih.gov; and Adrian
Wiestner, Hematology Branch, National Heart, Lung, and Blood
Institute, National Institutes of Health, 10 Center Dr, Building 10,
CRC 3-5140, Bethesda, MD 20892; e-mail: wiestnea@nhlbi.nih.gov.

with ibrutinib. Blood. 2015;126(19):2213-2219.

mechanism. BMJ Case Rep. November 28, 2013.

lymphocytic leukemia: a multicenter phase Il trial

Estimation of failure probabilities in the presence

M, Bossard C, Picot S. Pneumocystis pneumonia

References
. Byrd JC, Brown JR, O'Brien S, et al; RESONATE 7. Kalkanis A, Judson MA, Napier MB.
Investigators. Ibrutinib versus ofatumumab in Pneumocystis jerovecii pneumonia in a patient
previously treated chronic lymphoid leukemia. with untreated chronic lymphocytic leukaemia:
N Engl J Med. 2014;371(3):213-223. a novel case and postulations concerning the
. Burger JA, Tedeschi A, Barr PM, et al; .
RESONATE-2 Investigators. Ibrutinib as initial doi:10.1136/ber-2013-202124.
therapy for patients with chronic lymphocytic 8. Morrison VA. Infectious complications of chronic
leukemia. N Engl J Med. 2015;373(25): lymphocytic leukaemia: pathogenesis, spectrum
2425-2437. of infection, preventive approaches. Best Pract
. Eichhorst B, Fink AM, Bahlo J, et al; International Res Clin Haematol. 2010;23(1):145-153.
Group of Investigators; German CLL Study Group 9. O'Brien S, Kantarjian H, Beran M, et al. Results
(GCLLSG). First-line chemoimmunotherapy with of fludarabine and prednisone therapy in 264
bendamustine ?”d rituximablversgs fludgrabing, patients with chronic lymphocytic leukemia with
cyclophosphamide, and rituximab in patients with multivariate analysis-derived prognostic model
advanced chronic lymphocytic leukaemia for response to treatment. Blood. 1993;82(6):
(CLL10): an international, open-label, 1695-1700.
randomised, phase 3, non-inferiority trial. Lancet .
Oncol. 2016;17(7):928-942. 10. Fischer K, Qrarper P, Busgh R, gt a!. .
. . Bendamustine in combination with rituximab for
- Hallek M, Fischer K, Fingerle-Rowson G, et al; previously untreated patients with chronic
International Group of Investigators; German
Chronic Lymphocytic Leukaemia Study Group. of the German Chronic Lymphocytic Leukemia
Addition of rituximab to fludarabine and Study Group. J Clin Oncol. 2012;30(26):
cyclophosphamide in patients with chronic 3209-3216.
lymphocytic leukaemia: a randomised, open-label,
phase 3 trial. Lancet. 2010;376(9747):1164-1174.  11. Gooley TA, Leisenring W, Crowley J, Storer BE.
Farooqw MZ, Valdez J, Martyr S, et al. lbrutinib of competing risks: new representations of old
for previously untreated and relapsed or refractory estimators. Stat Med. 1999;18(6):695-706.
chronic lymphocytic leukaemia with TP53 ’
aberrations: a phase 2, single-arm trial. Lancet 12. Bienvenu AL, Traore K, Plekhanova |, Bouchrik
Oncol. 2015;16(2):169-176.
X . _— suspected cases in 604 non-HIV and HIV
- SunC, Tian X, Lee Y8, et al. Partial reconsfitution patients. Int J Infect Dis. 2016;46:11-17.
of humoral immunity and fewer infections in
patients with chronic lymphocytic leukemia treated 13. Reid AB, Chen SC, Worth LJ. Pneumocystis

jirovecii pneumonia in non-HIV-infected patients:

new risks and diagnostic tools. Curr Opin Infect
Dis. 2011;24(6):534-544.

Azoulay E, Bergeron A, Chevret S, Bele N,
Schlemmer B, Menotti J. Polymerase chain
reaction for diagnosing pneumocystis pneumonia
in non-HIV immunocompromised patients with
pulmonary infiltrates. Chest. 2009;135(3):
655-661.

Hashimoto K, Kobayashi Y, Asakura Y, et al.
Pneumocystis jiroveci pneumonia in relation to
CD4+ lymphocyte count in patients with B-cell
non-Hodgkin lymphoma treated with
chemotherapy. Leuk Lymphoma. 2010;51(10):
1816-1821.

Kanegane H, Nakano T, Shimono Y, Zhao M,
Miyawaki T. Pneumocystis jiroveci pneumonia
as an atypical presentation of X-linked
agammaglobulinemia. Int J Hematol. 2009;89(5):
716-717.

Martin-Garrido I, Carmona EM, Specks U, Limper
AH. Pneumocystis pneumonia in patients treated
with rituximab. Chest. 2013;144(1):258-265.

Al-Saud BK, Al-Sum Z, Alassiri H, et al. Clinical,
immunological, and molecular characterization of
hyper-IgM syndrome due to CD40 deficiency in
eleven patients. J Clin Immunol. 2013;33(8):
1325-1335.

Chang BY, Huang MM, Francesco M, et al. The
Bruton tyrosine kinase inhibitor PCI-32765
ameliorates autoimmune arthritis by inhibition of
multiple effector cells. Arthritis Res Ther. 2011;
13(4):R115.

20z aunr g0 uo 3sanb Aq jpd 016 1/S6SS6€EL/0V6 L/SL/8Z |/Pd-ajoie/poojqAeu-suoleDlgndyse//:djjy woly papeojumog


mailto:banacloj@mail.nih.gov
mailto:wiestnea@nhlbi.nih.gov

