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Pneumocystis jirovecii pneumonia in B-cell
lymphoma patients treated with the
rituximab-CHOEP-14 regimen

We report six cases of Pneumocystis jirovecii
pneumonia (PCP) verified by immunofloures-
cence/polymerase chain reaction of bronchoalveo-
lar fluid among 46 lymphoma patients (13%) who
received rituximab-CHOEP-14 at our institution.
PCP prophylaxis should be standard management
for this group of patients and also considered for
patients treated with rituximab-CHOP-14, CHOP-
14 or CHOEP-14.
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Pneumocystis jirovecii pneumonia (PCP) is a rare but
serious complication observed in lymphoma patients
undergoing treatment. Certain agents, such as fludara-
bine1 and the monoclonal antibody alemtuzumab,2 lead
to severe suppression of the cellular immune system,
predisposing to opportunistic infections including PCP.
Co-trimoxazole prophylaxis is used routinely for
patients treated with these agents and minimizes the
risk of developing PCP.3,4 Based on the unexpected clin-
ical observation that many of our lymphoma patients
who received the rituximab-CHOEP-14 regimen devel-
oped PCP infection, we undertook a survey to investi-
gate this further. 

All cases of PCP diagnosed among the entire popula-
tion of lymphoma patients treated at our institution
between 2002 and 2006 and verified by immunofluores-
cence and/or polymerase chain reaction (PCR) of bron-
choalveolar lavage (BAL) fluid were collected and stud-
ied in detail. The diagnostic criteria and management
strategies for PCP remained unchanged during this peri-
od. Patients treated for clinically suspected PCP without
verification by BAL were not considered as PCP. Our
complete database on chemotherapy administration
was then used to define the incidence of PCP in patient
groups who had received the CHOP-14, CHOEP-14,
CHOP-21, CHOEP-21, with or without rituximab dur-
ing the same time period. None of the patients were
human immundeficiency virus positive and they did not
receive PCP prophylaxis.

The numbers of lymphoma patients who received dif-
ferent CHOP-based regimens are listed in Table 1. Six
cases of PCP were found among the 46 patients who
were treated with CHOEP-14 in combination with rit-
uximab. As shown in Table 2, the PCP developed after
four to six cycles of this regimen. We did not observe
late cases of PCP occurring more than 1 month after
treatment. The diagnosis was made by PCR (6/6
patients) and/or IF (4/6 patients) in BAL fluid. Data on
peripheral blood T-cell subsets were available for two
patients at the time that PCP was diagnosed: one
patient had 0.540×109/L CD4 cells, 0.517×109/L CD8
cells and a CD4/CD8 ratio of 1.1 whereas the other
patient had 0.351×109/L  CD4 cells, 0.212×109/L CD8
cells and a a CD4/CD8 ratio of 1.7. The serum concen-
tration of IgG in the same patient was 3.8 g/L and 6.1
g/L, respectively. All patients had pulmonary infiltrates.
All six patients recovered completely after treatment
with standard doses of intravenous co-
trimoxazole.Although PCP was diagnosed less frequent-
ly in the groups receiving the other regimens (Table 1),
some cases were found, mostly in patients receiving the

2-week schedules. In the rituximab-CHOP-14 group
two out of 32 patients (6%) were diagnosed with PCP.
Recent advances in the treatment of non-Hodgkin`s B-
cell lymphomas include the combination of CHOP-
based therapy with the monoclonal antibody, ritux-
imab.5-7 By using granulocyte colony-stimulating factor
support, the interval between cycles can be shortened
from 21 to 14 days and younger patients can even toler-
ate incorporation of etoposide in the CHOP regimen.8,9

We have found that lymphoma patients receiving
CHOEP every 2 weeks in combination with rituximab
have a higher incidence of PCP (13%), compared to
patients receiving the other chemotherapy regimens.
One recent publication10 in Hematologica reported an
incidence of PCP of 6% in a population of 50 patients
with diffuse large B-cell lymphoma treated with CHOP-
14 and rituximab. In concordance with this, two of the
32 patients (6%) in our study who were treated with
this regimen developed PCP. To our knowledge, deple-
tion of B cells caused by rituximab monotherapy does
not increase the risk for PCP infections. However, the
combination of this antibody with agents that impair
the cellular immune system might predispose to this
opportunistic infection. We did not find severely
reduced blood levels of CD4+ T-lymphocytes or serum
IgG in the two patients tested. Steroids mediate a cyto-
static effect on lymphocytes, predisposing to PCP.
Intensification of CHO(E)P-based regimens by shorten-
ing the interval between cycles to 14 days implies that

Table 1. Patients with non-Hodgkin`s B-cell lymphoma receiving
treatment with CHO(E)P-based chemotherapy with or without rit-
uximab from 2002-2006 and the number of cases of PCP. 

Regimen Patients, n. PCP, n. (%)

CHOEP*-14 25 1 (4)
CHOEP-21 23 0 (0)
CHOP-14 49 2 (4)
CHOP-21 276 0 (0)
CHOEP-14+rituximab 46 6 (13)
CHOEP-21+rituximab 9 0 (0)
CHOP-21+rituximab 141 2 (1)
CHOP-14+rituximab 32 2 (6)

Cyclophosphamide iv 750 mg/m2, doxorubicine iv 50 mg/m2, vincristine iv 1.4
mg/m2 (max 2 mg),  etoposide iv 100 mg/m2 day 1-3, prednisolone po 100 mg
day 1-5.  

Table 2. Characteristics of the patients with malignant B-cell lym-
phoma who developed PCP during treatment with CHOEP-14 and
rituximab.

Patient n. Age Rituximab- PCP BAL Lung
(years) CHOEP-14* IF/PCR infiltrates on 

chest X-ray

1 30 4 cycles +/+ +
2 61 6 cycles +/+ +
3 47 6 cycles −/+ +
4 47 6 cycles +/+ +
5 49 5 cycles +/+ +
6 58 5 cycles nd**/+ +

*Cycles administered before PCP; **nd: not done. BAL: bronchoalveolar lavage;
IF: immunofluorescence; PCR: polymerase chain reaction.
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a higher dose of prednisolone is administered per week.
In addition, etoposide added to CHOP has a negative
impact on the mucosal barrier and could facilitate inva-
sion of micro-organisms into the lung tissue. The com-
bination of factors listed above might help to explain
the high incidence of PCP. Based on the findings pre-
sented in this report we recommend that PCP prophy-
laxis is given during treatment with the rituximab-
CHOEP-14 regimen and continued until one month
after the last cycle. Prophylaxis should also be consid-
ered for patients receiving other CHO(E)P-based regi-
mens every 2 weeks, especially in combination with rit-
uximab.

Arne Kolstad,* Harald Holte,* Alexander Fosså,*
Grete Fossum Lauritzsen,* Peter Gaustad,° Dag Torfoss*

*Cancer Clinic, Rikshospitalet-Radiumhospitalet Medical Center,
Montebello, N-0310 Oslo, Norway;  °Medical Microbiology
Laboratory, Rikshospitalet-Radiumhospitalet Medical Center,

Gaustad, N-0027 Oslo, Norway
Acknowledgments: We thank Dr. Trond Ranheim at the Medical
Microbiology Laboratory, Akerhus University Hospital and
Dr. Eivind Ragnhildsveidt at the Medical Microbiology Laboratory,
Østfold Hospital Trust, Fredrikstad for identifying cases of
PCP from their databases.
Correspondence: Arne Kolstad, Stanford University, Division
of Oncology, Palo Alto, CA 94305 USA. Phone: international
+650.7256456. E-mail: akolstad@stanford.edu 

References

1. Cheson BD. Infectious and immunosuppressive complica-
tions of purine analogs. J Clin Oncol 1995;13:2431-48.

2. Morrison VA. Update on prophylaxis and therapy of infec-
tion in patients with chronic lymphocytic leukemia. Expert
Rev Anticancer Ther 2001;1:84-90.

3. Byrd JC, Hargis JB, Kester KE. Opportunistic pulmonary
infections with fludarabine in previously treated patients
with low-grade lymphoid malignancies: a role for
Pneumocytis carinii pneumonia prophylaxis. Am J of

Hematol 1995;49:135-42.
4. Lundin J, Kimby E, Bjorkholm M, Broliden PA, Celsing F,

Hjalmar V, et al. Phase II trial of subcutaneous anti-CD52
monoclonal antibody alemtuzumab (Campath-1H) as first
line treatment for patients with B-cell chronic lymphocyt-
ic leukemia (B-CLL). Blood 2002;100:768-73.

5. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H,
Bouabdallah R, et al. CHOP chemotherapy plus Rituximab
compared with CHOP alone in elderly patients with dif-
fuse large-B-cell lymphoma. N Engl J Med 2002;346:235-
42.

6. Sehn LH, Donaldson J, Chhanabhai M, Fitzgerald C, Kill K,
Klase R, et al. Introduction of combined CHOP plus
Rituximab therapy dramatically improved outcome of dif-
fuse large B-cell lymphoma in British Colombia. J Clin
Oncol 2005;23:5027-33.

7. Pfreundschuh M, Trumper L, Osterborg A, Pettengell R,
Trneny M, Imrie K, et al. MabThera International Trial
Group. CHOP-like chemotherapy plus rituximab versus
CHOP-like chemotherapy alone in young patients with
good-prognosis diffuse large-B-cell lymphoma: a random-
ized controlled trial by the MabThera International (MInT)
Study Group. Lancet 2006;7:379-91. 

8. Pfreundschuh M, Trumper L, Kloess R, Schmits R, Feller
AC, Rube C, et al. Two-weekly or 3-weekly CHOP
chemotherapy with or without etoposide for the treat-
ment of elderly patients with aggressive lymphomas:
results of the NHL-B2 trial of the DSHNHL. German High-
Grade Non-Hodgkin`s Lymphoma Study Group. Blood
2004;104:634-41.

9. Pfreundschuh M, Trumper L, Kloess R, Schmits R, Feller
AC, Rudolph C, et al. Two-weekly or 3-weeksly CHOP
chemotherapy with or without etoposide for treatment of
young patients with good-prognosis (normal LDH) aggres-
sive lymphomas: results of the NHL-B1 trial of the
DSHNHL. German High-Grade Non-Hodgkin`s
Lymphoma Study Group. Blood 2004;104:626-33.

10. Brusamolino E, Rusconi C, Montalbetti L, Gargantini C,
Uziel L, Pinotti G, et al. Dose-dense R-CHOP-14 support-
ed by pegfilgrastim in patients with diffuse large B-cell
lymphoma: a phase II study of feasibility and toxicity.
Haematologica 2006;91;496-502.


