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Low absolute lymphocyte count and addition of rituximab
confer high risk for interstitial pneumonia in patients
with diffuse large B-cell lymphoma
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Abstract Several small-scale studies have reported pulmo-
nary toxicity among patients with diffuse large B-cell
lymphoma (DLBCL) receiving rituximab-containing chemo-
therapy, though whether the use of rituximab predisposes to
interstitial pneumonia (IP) remains unclear. This retrospective
study was intended to identify the characteristics and risk
factors of IP in patients with DLBCL. Between 2000 and 2009,
529 consecutive patients with DLBCL receiving first-line tri-
weekly COP- or CHOP-based chemotherapy with or without
rituximab were enrolled as subjects. IP was defined as diffuse

pulmonary interstitial infiltrates found on computed tomogra-
phy scans in conjunction with respiratory symptoms. IP was
observed in 26 patients (4.9%), six of whom were confirmed
with Pneumocystis jirovecii pneumonia. The median number
of chemotherapy courses before IP was four cycles. Using
multivariate analysis, absolute lymphocyte count less than 1×
109/l at diagnosis [odds ratio (OR) 2.75, p=0.014] and the
addition of rituximab to chemotherapy (OR 4.56, p=0.003)
were identified as independent risk factors for IP. In
conclusion, the incidence of IP is increased in patients with
DLBCL receiving rituximab-containing chemotherapy. Spe-
cific subgroups with lymphopenia at diagnosis may justify
close scrutiny to detect pulmonary complications.
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Introduction

Rituximab is a chimeric monoclonal antibody comprising
murine variable regions from the anti-CD20 antibody 2B8
linked to a human Fc component directed against CD20 on
B cells [1]. It has been added to the regimen of
cyclophosphamide, doxorubicin, vincristine, and predni-
sone (CHOP) to improve treatment response and survival
outcomes in patients with diffuse large B-cell lymphoma
(DLBCL) [2, 3]. In two large trials in which rituximab was
employed as first-line therapy for DLBCL, rituximab plus
CHOP (R-CHOP) was generally well tolerated and did not
increase the toxicity involved in the CHOP regimen. The
most common reported adverse events related to rituximab
are acute infusion reactions associated with cytokine release
syndrome [4]. In a systemic review based on data from five
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randomized controlled trials, the rate of complication due to
infection in the R-CHOP group was comparable to that of
the CHOP group [5].

Nevertheless, a number of adverse events associated
with the use of this novel agent are being reported with
increasing frequency. In a previous study, we reported that
rituximab might increase the incidence of fungal infection
in elderly patients [6]. Recently, Liu et al. [7] described nine
cases of interstitial pneumonia (IP) during chemotherapy
including rituximab. Two other studies [8, 9] reported a
high incidence of Pneumocystis jirovecii pneumonia (PJP)
in patients receiving R-CHOP chemotherapy, particularly
the R-CHOP-14 regimen (biweekly schedule). In a
Japanese study with a comparison of two cohorts, only
one of which was being administered with rituximab, R-
CHOP elevated the incidence of IP possibly because of
an increase in the risk of PJP and fungal infection [10].
In addition, Katsuya et al. [11] identified a tendency,
although not significant, of IP developing in patients with
B-cell lymphoma receiving R-CHOP regimen and sug-
gested that baseline lymphopenia might be a risk factor
for PJP. However, the number of patients in previous
studies has been limited and a large-scale study would be
necessary to verify these results. In addition, the risk
factors contributing to IP in patients receiving chemo-
therapy have not been fully established. In this study, we
aimed to determine the incidence, predictive factors, and
outcome of IP in patients with DLBCL undergoing
cytotoxic chemotherapy including rituximab using a large
cohort.

Patients and methods

Study population and data collection

Between January 2000 and May 2009, consecutive
patients diagnosed with DLBCL in Taipei Veterans
General Hospital were deemed eligible for initial screen-
ing. Decisions regarding treatment modalities for DLBCL
were made on an individual on a patient-to-patient basis
at the discretion of the attending physicians. Patients
receiving chemotherapy defined as tri-weekly COP,
CHOP, or CHOP-like regimens were enrolled in this
study. The dosing schedule of CHOP was provided as
described previously [2, 3]. For elderly patients consid-
ered to have borderline cardiac functions, a dosage of
doxorubicin was modified or replaced with epirubicin, that
is, the CHOP-like regimen, at the discretion of attending
physicians. Bleomycin was not included in the treatment
protocol for all enrolled patients. Patients who did not
receive the above regimens were excluded from this study.
Most of the excluded patients were medically unfit to

receive chemotherapy. Patients with documented prior
interstitial lung disease were also excluded.

Reimbursement for front-line rituximab in DLBCL was
approved by the Bureau of National Health Insurance of
Taiwan since December 2003. For this reason, most patients
diagnosed during the period from 2000 to 2003 received
first-line chemotherapy without the addition of rituximab.
In contrast, most of those diagnosed after 2004 received
therapy combined with rituximab. The baseline character-
istics of patients including patient demographics, complete
blood count, serum biochemistries, performance status,
lymphoma stage, and treatment were collected at the time
of diagnosis. Follow-up was continued until October 2010
or the time of death. The study was reviewed and approved
by the Institutional Review Board of Taipei Veterans
General Hospital.

Definition of interstitial pneumonia

IP is defined as diffuse pulmonary interstitial infiltrates
identified in computed tomographic scans in conjunction
with respiratory symptoms [10, 11]. Patients with lympho-
ma involving lung parenchyma are not considered to have
IP. To simplify the questions regarding the impact of
rituximab on IP, only events occurring during the period
of first-line treatment were recorded. In response to an IP
episode, sputum and blood were routinely collected for
microbiological culture. Bronchoalveolar lavages (BAL)
were considered for all patients except those with severely
compromised respiratory status without the support of
mechanical ventilation. Fluids from BAL were routinely
sent for analysis of bacteria, tuberculosis, viruses, and
fungal pathogens. Pneumocystis jirovecii infections were
confirmed by direct fluorescent staining with antibodies or
toluidine blue O stain of cysts. Wright–Giemsa stain was
also used to detect trophic forms. The fluid of BAL was
also examined for the presence of lymphoma or other
malignancies. Quantitative polymerase chain reaction for
cytomegalovirus (CMV) and serologic studies for Myco-
plasma, Legionella, and Chlamydia were justified by the
administering physicians.

Statistical analysis

Categorical variables were compared using the χ2 test
between patients with and without IP. Survival curves were
computed according to the Kaplan–Meier method and
compared by log-rank test. Logistic regression was applied
for univariate and multivariate analyses to determine the
predictive factors regarding IP. Variables with p values<0.1
in univariate analyses were entered into multivariate
analyses. P value<0.05 was regarded as statistically
significant in two-sided tests. For the research of predictive
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factors for IP, we used the cut-off value (1.0×109/L) of
ALC based on the previous study [11]. All statistical
analyses were performed using SPSS statistical software
version 16.0 (SPSS, Chicago, IL, USA).

Results

Incidence of IP and comparison of baseline characteristics

Between January 2000 and May 2009, 529 consecutive
patients with DLBCL were enrolled in the cohort. IP
occurred in 26 patients (4.9%) and the characteristics of
patients with or without IP are shown in Table 1. Patients
who experienced IP were predominantly male (80.8%
versus 61.6%, p=0.049). Compared to patients without IP,

more patients with IP had a baseline absolute lymphocyte
count (ALC) lower than 1×109/1 and received first-line
chemotherapy including rituximab. No significant difference
regarding to age, history of cigarette smoking, Ann Arbor
stage, International Prognostic Index (IPI) score, baseline
white blood cell count, hemoglobin level, or platelet count
was noted between the two groups. Consistent with the results
of previous studies, the 5-year overall survival (OS) of low-,
low–intermediate-, high–intermediate-, and high-risk patients
were 84.9%, 60.6%, 46.1%, and 18.7% respectively (p<
0.001). The addition of rituximab to first-line chemotherapy
improved the OS in patients (5-year OS 60.0% versus
53.1%, p=0.028).

Clinical features of patients with IP

The clinical features of patients with IP are summarized in
Table 2. The median cycle of chemotherapy prior to the
onset of IP was 4 (range 1–7). The median time from
initiation of therapy to IP was 87 days (median 31–
217 days). Most patients diagnosed with IP presented with
fever (95.2%), dyspnea (92.3%), and cough (76.9%). A
number of patients had diarrhea at the onset of IP (15.4%).
These symptoms and signs appeared between 8 and 65 days
following the completion of the previous course of
chemotherapy (median 13 days). All patients received chest
computed tomography and 17 (65.4%) patients underwent
BAL as part of their diagnostic procedure.

Microorganisms were isolated in 14 patients. Diagnosis
of PJP was confirmed in six patients. Among them, co-
infection of PJP and CMV was noted in two patients. The
other identified pathogens included fungus (six patients)
and mycobacteria (three patients, one with tuberculosis
bacilli and two with non-tuberculosis bacilli). Specific
pathogens were not disclosed, despite a thorough workup,
in 46.2% of the patients. Treatment for IP comprised
steroids alone in 11.5%, sulfamethoxazole/trimethoprim
alone in 50.0%, and a combination of steroid and
sulfamethoxazole/trimethoprim in 38.5% of patients. For
the patients identified with CMV, fungus, or mycobacteria,
specific antibiotics were also prescribed on individual basis.
For the 12 patients without infectious diagnoses, the
median time from the final chemotherapy session of IP
lasted 12 days (range 8–31). Rituximab use was noted in
ten of these sessions. Though rituximab-related IP should
be suspected, infection cannot be ruled out completely even
after an extensive microbiological workup. Therefore,
empirical antibiotics were prescribed in eight patients with
third-generation cephalosporin. Steroids were provided for
nine patients. During the course of IP, seven of the 26
patients (26.9%) died, but progression of the disease was
noted in two of them. For the five patients whose deaths
were attributed strictly to IP, three patients had fungal

Table 1 Baseline characteristics of interstitial pneumonia in patients
with diffuse large B-cell lymphoma (n=529)

Factor All patients
(N=529),
n (%)

With IP
(N=26),
n (%)

Without IP
(N=503),
n (%)

P

Age (> 60 years) 341 (64.5) 13 (50.0%) 328 (65.2%) 0.196

Male sex 331 (62.6) 21 (80.8%) 310 (61.6%) 0.049

ECOG PS >1 193 (36.5) 10 (38.5%) 183 (36.4%) 0.995

Elevated LDH 351 (66.4) 16 (61.5%) 335 (66.6%) 0.749

Smoking history 126 (23.8) 6 (23.1%) 120 (23.9%) 1.000

Ann Arbor stage 0.342

I 72 (13.6%) 4 (15.4%) 68 (13.5%)

II 190 (35.9%) 6 (23.1%) 184 (36.6%)

III 100 (18.9%) 4 (15.4%) 96 (19.1%)

IV 167 (31.6%) 12 (46.2%) 155 (30.9%)

BM involvement 74 (14.0) 5 (19.2%) 69 (13.7%) 0.390

IPI risk (score) 0.895

Low (0–1) 165 (31.2) 9 (34.6%) 156 (31.0%)

Low–intermediate
(2)

117 (22.1) 5 (19.2%) 112 (22.3%)

High–intermediate
(3)

122 (23.1) 7 (26.9%) 115 (22.9%)

High (4–5) 125 (23.6) 5 (19.2%) 120 (23.9%)

WBC <4×109/1 36 (6.8) 2 (7.7%) 34 (6.8%) 0.684

ALC ≤1×109/1 149 (28.2) 14 (53.8%) 135 (26.8%) 0.003

Hemoglobin
<10 g/dl

88 (16.6) 3 (11.5%) 85 (16.9%) 0.598

Platelets
<150×109/1

73 (13.8) 3 (11.5%) 70 (13.9%) 1.000

First-line
rituximab

262 (49.5) 21 (80.8%) 241 (47.9%) 0.001

P value refers to the difference between two groups (patients with IP
or without IP)

ECOG Eastern Cooperative Oncology Group, PS performance status,
LDH lactate dehydrogenase, BM bone marrow, IPI International
Prognostic Index, WBC white blood cell, ALC absolute lymphocyte
count
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infections (Aspergillus, Candida, and yeast-like pathogens,
respectively). PJP was noted in one patient, and co-
infection with PJP and CMV was noted in another. Three
patients were older than 75 years of age, and two patients
had stage IV chronic kidney disease. Three patients
developed acute renal failure in the treatment for IP, and
all five patients died from a progression of pneumonia. All
12 patients without infectious diagnoses recovered from the
IP episodes. Conversely, seven of the 14 patients (50%)
with identified pathogens died.

Risk factors for IP in DLBCL patients

To investigate the risk factors of IP in these DLBCL
patients, clinical parameters were analyzed in a binary
logistic regression model and the results are summarized in
Table 3. In this study, the median ALC at the time of
diagnosis was 1,315.7×109/l (range, 130.2–10,381.2).
Different cut-off points between the 25% and 75% quartiles

(967.0–1,819.8×109/l) were evaluated using the logistic
regression test, and ALC 1.0×109/l was identified as the
most effective cut-off level. In univariate analysis, male
gender [odds ratio (OR) 2.61, 95% confidence interval (CI)
1.01–7.05, p=0.049], ALC less than 1×109/1 at baseline
(OR 3.18, 95% CI 1.44–7.05, p=0.004), and addition of
rituximab to chemotherapy (OR 4.57, 95% CI 1.70–12.30,
p=0.003) were identified as risk factors for IP. By
multivariate analysis, low ALC (OR 2.75, 95% CI 1.23–
6.19, p=0.014) and addition of rituximab (OR 4.56, 95%
CI 1.68–12.39, p=0.003) remained as significant factors for
an elevated risk of IP. To differentiate the incidence of IP in
patients, we further stratified the overall cohort of patients
into three groups according to these two independent
factors. Patients with neither of these two factors were
considered as of low risk, those presenting with either low
ALC or use of rituximab were considered as of intermediate
risk, and those presenting with both risk factors were
considered as of high risk. The cumulative incidence of IP

All (N=26), number (%)
or median (range)

Treated with
chemotherapy
alone (n=5)

Treated with
rituximab-containing
protocols (n=21)

Chemotherapy regimen

CHOP or CHOP-like 24 5 19

COP 2 0 2

Timing of IP

Chemotherapy cycle 4 (1–7) 2 (1∼4) 4 (1∼7)

Days since first chemotherapy 87 (12–217) 51 (12∼98) 94 (34∼217)

Days since last chemotherapy 13 (8–65) 13 (12∼26) 13 (8∼65)

Laboratory data

WBC (× 109/1) 5.13 (0.60–19.50) 7.80 (5.70∼19.50) 4.20 (0.60∼16.60)

ANC (× 109/1) 3.66 (0.04–15.44) 6.97 (4.86∼13.65) 3.16 (0.04∼15.44)

ALC (× 109/1) 0.41 (0.11–1.96) 0.18 (0.12∼0.98) 0.47 (0.11∼1.96)

CRP (mg/dl) 7.62 (2.27–19.00) 5.9 (2.45∼13.8) 7.71 (2.27∼19.00)

Diagnostic procedure

Chest CT 26 (100%) 5 21

BAL 17 (65.4%) 3 14

Pathogens found 14 (53.8%) 3 11

PJPa 6 (23.1%) 1 5

Mycobacteriab 3 (11.5%) 2 1

Fungusc 6 (23.1%) 1 5

Pathogens not found 12 (46.2%) 2 10

Treatment for IP

Steroid alone 3 (11.5%) 0 3

ST only 13 (50.0%) 5 8

Steroid and ST combination 10 (38.5%) 0 10

Death 7 (26.9%) 3 4

Attributed to IP 5 (19.2%) 1 4

Attributed to IP/disease
progression

2 (3.8%) 2 0

Table 2 Clinical features of
patients with interstitial
pneumonia (n=26)

WBC white blood cell, ANC
absolute neutrophil count, ALC
absolute lymphocyte count,
CRP C-reactive protein, CT
computed tomography, BAL
bronchoalveolar lavage, PJP
Pneumocystis jirovecii pneumo-
nia, ST sulfamethoxazole–tri-
methoprim, IP interstitial
pneumonia
a Including two cases of coexis-
tence of PJP andCMVpneumonia
b Including one tuberculosis and
two non-tuberculosis mycobac-
teria (NTM) (one coexistence of
PJP and NTM)
c Including one aspergillosis, two
Candida albicans, and three non-
defined yeast-like organisms
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differed significantly among patients according to their risk
status (low risk, 1.1%; intermediate risk, 5.9%; high risk,
15.3%; p<0.001) (Fig. 1).

In patients treated with a rituximab-containing regi-
men, we performed the logistic regression test to further
analyze the risk factors. Low ALC is the only risk factor
associated with IP (OR, 2.53; 95% CI, 1.03–6.22).
Figure 2 shows the cumulative incidence in patients
treated with the rituximab-containing regimen according
to the ALC (low ALC group 15.3% versus high ALC
group 6.0%, P=0.018).

Discussion

We addressed several clinical questions in this study. First,
IP is not rare and might be a substantial comorbidity in
patients with DLBCL. The incidence of IP in our study was

4.9%, and seven of the 26 patients who developed IP
eventually died of an infectious complication due to IP.
Second, it remains an issue of contention whether the risk
of IP is increased in patients receiving rituximab-containing
chemotherapy [9–11]. For the first time, we recognized that
patients with ALC less than 1×109/1 prior to treatment with
rituximab added to their regime of chemotherapy were of
high risk for IP. Although the impact of rituximab on IP has
also been suggested by some researchers, this study
involved a large cohort of patients uniformly diagnosed
with DLBCL, thereby strengthening the results of this
study. In addition, these two independent risk factors are
helpful in identifying patients with a high risk of develop-
ing IP under intensive chemotherapy. For patients with both
factors, the incidence of IP was as high as 15.3%. Our
findings might alert clinicians to this severe condition and
refine the parameters identifying individuals at higher risk
for infectious complications.

Fig. 2 The cumulative incidence of interstitial pneumonia in patients
treated with rituximab-containing chemotherapy according to absolute
lymphocyte count status at baseline

Fig. 1 The cumulative incidence of interstitial pneumonia according
to the number of risk factors (use of rituximab or low absolute
lymphocyte count at baseline)

Table 3 Binary logistic regression analysis of risk factors for interstitial pneumonia

Factor Univariate analysis Multivariate analysis

Odds ratio 95% CI P value Odds ratio 95% CI P Value

Age >60 vs ≤60 years 0.53 0.24–1.18 0.119 – – –

Male vs female 2.61 1.01–7.05 0.049 2.63 0.98–7.30 0.06

Smoking history, yes vs no 0.96 0.38–2.44 0.927 – – –

ECOG PS >1 vs ≤1 1.09 0.49–2.46 0.830 – – –

Ann Arbor stage III/IV vs I/II 1.61 0.72–3.61 0.251 – – –

IPI score ≤2 vs >2 0.98 0.44–2.16 0.955 – – –

Elevated LDH, yes vs no 0.80 0.36–1.81 0.595 – – –

ALC ≤1 vs >1 (×109/l) 3.18 1.44–7.05 0.004 2.75 1.23–6.19 0.014

First-line rituximab 4.57 1.70–12.30 0.003 4.56 1.68–12.39 0.003

CI confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, IPI International Prognostic Index, LDH lactate
dehydrogenase, ALC absolute lymphocyte count
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Rituximab is a chimeric monoclonal antibody targeting
CD20, inducing antibody-dependent cellular cytotoxicity,
complement-dependent cytotoxicity, and apoptosis of tumor
cells. The reported percentage of grades 3–4 lung toxicities
was between 8% and 11% in the GELA trial and
approximately 1% in another large randomized trial [2, 3].
No significant difference was present between patients
receiving CHOP and those receiving R-CHOP. For drug-
related lung toxicity, the reported rate is less than 0.03%
among 300,000 patients [12]; however, several case reports
have described the development of IP following rituximab
therapy [13]. Furthermore, the reported incidence of PJP
differed between (R)-CHOP 21 and (R)-CHOP 14 [8, 9]
and suggested that the dose density of chemotherapy may
play a role. Although the causative effects may be
contributed by other concomitant chemotherapeutic agents,
such as cyclophosphamide or bleomycin [14], IP has also
been reported during rituximab monotherapy. The underlying
mechanism of pulmonary toxicity associated with rituximab
remains unclear. Because rituximab induces B-lymphocyte
apoptosis, complement activation, and release of tumor
necrosis factor α, cytokine release might be a plausible
explanation [13]. In the present study comprising patients
with and without rituximab-containing chemotherapy, we
also demonstrated that rituximab was an independent factor
related to IP. However, prospective studies with proper
design still should be considered to validate this observation
and to discriminate the role of concomitant chemotherapy
administered in different intervals.

Recent studies have shown that the level of ALC at
diagnosis is predictive for the response to treatment and
survival in patients with non-Hodgkin’s lymphoma [15–17].
These studies suggested that ALC might be representative
of host immune status. Other supporting evidence has been
obtained from studies in which HIV-infected patients
susceptible to PJP were closely associated with CD4 count
[18]. In this study, patients with low ALC had a 2.75-fold
risk of contracting IP. Consistent with our results, Reckzeh
et al. also observed severe lymphopenia and IP in patients
treated with paclitaxel and concurrent radiotherapy for non-
small cell lung cancer [19]. Because B cells are critical for
the activation of CD4 T cells and rituximab has been shown
to induce prolonged lymphopenia [20, 21], the alteration of
ALC induced by rituximab therapy could be a possible
mechanism accounting for the high incidence of IP in
rituximab-treated patients. Interestingly, pre-treatment ALC
decreased gradually in subsequent treatment cycles (Fig. 3);
however, the decrease in the velocity of ALC did not differ
whether patients were receiving rituximab or not. Thus, the
contribution of rituximab to an elevated risk of IP might be
another mechanism, with a pathogenesis warranting further
investigation. Since this is the rituximab era, this study

demonstrated that these predictive factors were also
useful. For certain patients without definite infectious
diagnoses, rituximab-induced IP should be considered, as
reported by Burton et al. For such patients, steroids
might be a crucial treatment yielding a fair response.
Similarly, 12 patients in this study, including ten patients
in the rituximab treatment group, were pathogen-
negative. The outcome of these patients was excellent.
However, due to the limited number of patients,
developing a predictive model for this highly specific
subgroup of patients is difficult. Future large studies are
required to address these questions.

This study has a number of limitations. First, IP remains
heterogeneous, encompassing several pathologic condi-
tions, such as drug-related pneumonitis and infection
attributed to various pathogens. Antibiotics are usually
prescribed in response to fever and rapid progression of
pulmonary lesions. This treatment might interfere with
the diagnosis of pneumonitis and the results of micro-
biological culture. We also recognize that it is difficult to
completely rule out other causes of interstitial pneumo-
nia in the immunosuppressed patients. Second, due to
the retrospective nature of this study, the baseline level
of immunoglobulin, the nadir of ALC, and the absolute
value of CD4 or natural killer cells were not available.
Prospective studies integrated with a schedule for
follow-up investigation of subpopulations of lympho-
cytes could be helpful in answering this question.

In conclusion, our study showed that IP was not
uncommon in patients with DLBCL receiving first-line
intensive chemotherapy, particularly among those with
rituximab-containing regimens. Close monitoring for IP is
crucial, particularly among those with lymphopenia at
diagnosis. Administration of prophylactic antibiotics might
be considered for this high-risk group of patients.

Fig. 3 Alterations of absolute lymphocyte count during the first four
courses of chemotherapy for patients treated with or without
rituximab. R, rituximab
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