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Background: The main aim of this study was to determine some simple but meaningful parameters that 
indicate immunochemotherapy-related interstitial lung disease (ILD) early in B-cell lymphoma and provide 
direction to hematologists.
Methods: The clinical and laboratory characteristics, the treatments and outcomes of 21 B-cell lymphoma 
patients with ILD who underwent rituximab (RTX) -based immunochemotherapy were collected and 
retrospectively analyzed. 
Results: More cycles of immunochemotherapy and higher cumulative doses of RTX and doxorubicin 
hydrochloride liposome conferred a high risk of ILD. Compared to the baseline, patients had a significantly 
lower white blood cell count (WBC), absolute lymphocyte count (ALC), and albumin level (4.95×109 vs. 
6.32×109, 0.71×109 vs. 1.61×109, 34.1 vs. 40.4 g/L; P<0.05), and higher C-reactive protein (CRP), alpha-
hydroxybutyrate dehydrogenase (α-HBDH), and lactate dehydrogenase (LDH) (15.36 vs. 7.00 mg/L, 293.0 
vs. 163.1 U/L, 361.8 vs. 231.1 U/L; P<0.05) levels at ILD onset. Further, a positive correlation was found 
between early glucocorticosteroid intervention and the good prognostication of ILD. In addition, an analysis 
of the prognoses of 2 cases of patients with pneumocystis pneumonia (PCP) infection indicated that after 
3 cycles of treatment, patients, especially unfit patients or those who have received ILD glucocorticoid 
treatment, may need to receive trimethoprim/sulfamethoxazole (TMP/SMX) to prevent PCP.
Conclusions: There was a relationship between variations of blood parameters and the occurrence of ILD 
which might serve as a warning for B-cell lymphoma patients with immunochemotherapy-related ILD.
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Introduction

B-cell lymphoma is a group of highly heterogeneous 
diseases with variable outcomes, and represents the most 
common type of non-Hodgkin’s lymphoma (1). Since the 
first use of the anti-CD20 monoclonal antibody rituximab 
(RTX) clinically, the prognosis of patients with B-cell 
lymphoma has improved significantly (2-4). The RTX-
based immunochemotherapy regimen is now a first-line 
therapy for most types of B-cell lymphoma (5). Following 
the increased usage of RTX, a number of rare adverse 
events, including interstitial lung disease (ILD), have 
begun to be reported more and more frequently (6,7). At 
present, the mechanism by which RTX leads to ILD is still 
unknown. A potential explanation for RTX induced ILD 
may be the induction and release of cytotoxic substances 
(8,9). In addition, several recent studies have shown that the 
use of pegylated liposomal doxorubicin in chemotherapy 
regimens could also cause ILD (6,10,11).

Other than ILD, which is the most common type 
of lung disease of RTX-based immunochemotherapy, 
there are other types of lung disease, including alveolar-
interstitial pneumonia, pulmonary fibrosis, hypersensitivity 
pneumonitis, and bronchiolitis obliterans organizing 
pneumonia (12-14). Infectious pneumonia is another 
common complication associated with RTX-induced 
pulmonary disease (15,16). Infectious pneumonia, especially 
pneumocystis pneumonia (PCP), has a high mortality rate 
(15,16). However, the discovery, diagnosis, and treatment 
of ILD during RTX-based immunochemotherapy still face 
a number of challenges. First, the clinical symptoms of 
ILD are nonspecific. Generally, fever, cough, dyspnea, and 
chest tightness are the most common clinical symptoms 
of early stage RTX-based immunochemotherapy-related 
ILD, and it is difficult to distinguish between ILD and 
other lung diseases caused by drugs, infection, tumor 
infiltration, or other factors (7,17,18). Second, radiologic 
changes are delayed, and the biomarkers for RTX-based 
immunochemotherapy-related ILD are not yet known  
(19-21). Recently, Chen et al. found that the platelet/
lymphocyte ratio (PLR), which is a simple, credible, and 
inexpensive biomarker, is associated with an increased 
incidence of ILD in patients with rheumatoid arthritis (22).  
In addition, Gao et al. reported that the monocyte to 
lymphocyte ratio (MLR) could be used as a predictor of 
radiation pneumonia in patients undergoing thoracic tumor 
radiotherapy (23). However, it is not clear whether these 
biomarkers or other blood parameters are related to the 

incidence of immunochemotherapy-related ILD in patients 
with B-cell lymphoma.

Lymphopenia is  a  common side effect  of  RTX  
treatment (24). Reckzeh et al. observed that severe 
lymphopenia is associated with the occurrence of interstitial 
pneumonia in patients with lung cancer (25). Additionally, 
a low absolute lymphocyte count (ALC) and the addition 
of RTX at diagnosis was found to increase the incidence of 
interstitial pneumonia in patients with diffuse large B-cell 
lymphoma (DLBCL) (26). These reports suggest that 
lymphopenia may be a risk factor of ILD during RTX-based 
immunochemotherapy, as it changes patients’ immune 
status.

In this study, we retrospectively collected and analyzed 
data on the clinical and laboratory characteristics, and 
treatments and outcomes of 21 B-cell lymphoma patients 
with ILD undergoing RTX-based immunochemotherapy. 
To explore some simple but meaningful parameters that 
indicate immunochemotherapy-related ILD early in B-cell 
lymphoma and provide direction to hematologists, we also 
analyzed the relationship between ILD and variations in 
laboratory data related to inflammation, immunity, and 
tumor status. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-2027).

Methods

Patient population

Twenty-one B-cell lymphoma patients who developed ILD 
while undergoing immunochemotherapy administered at 
the First Affiliated Hospital of Soochow University from 
March 2014 to November 2020 were enrolled in this 
study. To be eligible to participate in this study, patients 
had to meet the following inclusion criteria: (I) have been 
pathologically diagnosed with B-cell lymphoma and have 
received RTX-based immunochemotherapy at our center; 
(II) be aged ≥18 years old; (III) have computed tomography 
(CT) scans that showed no obvious ILD and no lymphoma 
infiltration before the first treatment; (IV) have a diagnosis 
of ILD that met typical radiologic changes, have respiratory 
symptoms, and have a history of immunochemotherapy. 
Patients were excluded from the study if they did not 
have CT scans at the baseline, midpoint, or at the time at 
which symptoms appeared. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee of 
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the First Affiliated Hospital of Soochow University (Suzhou, 
China). Individual consent for this retrospective analysis 
was waived.

Immunochemotherapy regimen

In addition to RTX, all the patients received one of 
the following chemotherapy regimens: (I) CDOP: 
c y c l o p h o s p h a m i d e ,  d o x o r u b i c i n  h y d r o c h l o r i d e 
liposome, vindesine, and dexamethasone; (II) CHOP: 
cyclophosphamide, doxorubicin/epirubicin, vindesine, 
and  dexametha sone/predn i sone ;  ( I I I )  EPOCH: 
cyclophosphamide, doxorubicin, vindesine, etoposide and 
dexamethasone; and (IV) CHOPE: cyclophosphamide, 
doxorubicin, vindesine, etoposide and dexamethasone.

Immunochemotherapy-related ILD

Immunochemotherapy-related ILD was diagnosed on 
the basis of: temporal relationship between exposure to 
RTX-based immunochemotherapy and the development 
of respiratory symptoms, including fever, cough, chest 
congestion, or dyspnea; chest CT scans showed interstitial 
pulmonary infection; and exclusion of other known causes 
of ILD.

Blood parameters

Blood biochemical indexes including the C-reactive protein 
(CRP), albumin, alpha-hydroxybutyrate dehydrogenase 
(α-HBDH) and lactate dehydrogenase (LDH) were 
acquired by automatic biochem analyzer of ADVIA 2400 of 
SIEMENS (Germany) and blood routin indexes including 
platelet, white blood cell count (WBC), neutrophil, ALC 
and monocyte were tested by Sysmex XN-9000 Automatic 
Hematology Analyzer (Japan). All blood parameters were 
detected using peripheral venous blood of patients after 
overnight fasting.

Statistical analysis

The statistical analyses were performed using SPSS version 
20.0 software. The categorical variables are presented as 
the frequency and percentage, and the continuous variables 
were analyzed using descriptive statistical methods (median 
and range) and Mann-Whitney U tests. A P≤0.05 was 
considered statistically significant.

Results

Patient characteristics

The demographic and clinical characteristics of the 21 
patients are set out in Table 1. The cohort comprised 12 
females and 9 males. Patients’ had a median age of 53 
[46–60] years. Most patients (18/21, 85.7%) had a diagnosis 
of DLBCL and more than half (11/21, 52.4%) were at an 
advanced stage (stage III–IV). Nineteen percent (4/21) of 
patients presented with B symptoms, 33.3% (7/21) had 
a higher Ki-67 (≥90%), 42.9% (9/21) had elevated LDH 
at diagnosis, and 47.6% (10/21) had an international 
prognostic index (IPI) ≥2. Most patients received 
immunochemotherapy with R-CDOP (16/21, 76.2%); 
however, some received R-CHOP/R-CHOPE/R-EPOCH 
(5/21, 23.8%) (see Table 1).

Table 1 Patients’ demographic and clinical characteristics

Variables Numbers (percentage)

Gender

Female 12 (57.1)

Male 9 (42.9)

Median age (year)* 53 [46–60]

B-cell lymphoma type

DLBCL 18 (85.7)

FL 2 (9.5)

MZL 1 (4.8)

Stage

I–II 10 (47.6)

III–IV 11 (52.4)

B symptoms 4 (19.0)

Ki-67 ≥90% 7 (33.3)

LDH elevated 9 (42.9)

IPI

0–1 11 (52.4)

2–5 10 (47.6)

Type of immunochemotherapy

R-CDOP 16 (76.2)

R-CHOP/R-CHOPE/R-EPOCH 5 (23.8)

*, values are expressed as median [inter-quartile range]. DLBCL, 
diffuse large B-cell lymphoma; FL, follicular lymphoma; MZL, 
marginal zone lymphoma; LDH, lactose dehydrogenase; IPI, 
international prognostic index.
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Immunochemotherapy, symptoms, and CT findings

P a t i e n t s  h a d  r e c e i v e d  a  m e d i a n  o f  3  c y c l e s  o f 
immunochemotherapy at the onset of ILD (range: 3–4). 
In addition, 3 (14.3%), 16 (76.2%), and 2 (9.5%) patients 
received 1–2, 3–4 and 5 cycles before ILD happened, 
respectively. Seventeen (80.9%) patients had a cumulative 
dose of RTX between 1,000 and 3,000 mg, 3 (14.3%) had 
≥3,000 mg, and 1 (4.8%) had ≤1,000 mg. Most patients 
chose doxorubicin hydrochloride liposome (16/21, 76.2%); 
however, some patients chose doxorubicin or epirubicin 
(5/21, 23.8%).

The most common clinical symptoms were fever (16/21, 

76.2%) and cough (16/21, 76.2%). Other symptoms 
included chest tightness (11/21, 52.4%) and dyspnea (5/21, 
23.8%). All patients had diffuse (14/21, 66.7%) or patchy 
(7/21, 33.3%) ground-glass opacities, and most patients had 
uniformly diffuse opacities throughout both lungs. Other 
radiographic findings included increased lung markings, 
interlobular septal thickening and consolidation, and a small 
amount of pleural effusion (2/21, 9.5%) (see Table 2).

Variations of blood parameters

Table 3 shows changes in some simple blood parameters 
before the first immunochemotherapy and at the onset of 
ILD based on CT findings. The results showed that the 
median WBC, ALC and albumin levels were significantly 
lower in patients with ILD (P<0.05) compared to those 
at the baseline before immunochemotherapy. However, 
the CRP, α-HBDH, and LDH levels increased with the 
occurrence of ILD (P<0.05). Additionally, a higher the 
PLR and neutrophil/lymphocyte ratio (NLR) and lower 
lymphocyte/monocyte ratio (LMR) were also observed 
at the time of ILD onset, and there were statistically 
significant differences in the levels of PLR, LMR, and NLR 
between the baseline and ILD (P<0.05).

Treatments and outcomes

Patients (15/21, 71.4%) were treated with glucocorticosteroids. 
Most patients used methylprednisolone (14/15, 93.3%) after 
CT findings of ILD. The initial dose of methylprednisolone 
was 80 mg/d, and the median time was 4 days. All patients 
received anti-infection therapy, and 9 (42.9%) patients used 
trimethoprim/sulfamethoxazole (TMP/SMX). Twenty (95.2%) 
patients improved; however, 1 patient died of acute respiratory 
distress syndrome (ARDS). Among the 15 patients who were 
treated with glucocorticosteroids, 10 (66.7%) displayed clinical 
symptom relief within 1 week, and 12 (80.0%) displayed 
image remission within 2 weeks. However, of the remaining 6 
patients who did not receive glucocorticosteroid therapy, only 
1 patient (16.7%) experienced clinical symptom relief within 
1 week and none of the patients displayed image remission 
within 2 weeks (see Table 4).

Discussion

We found ILD occurred in most patients after the 3rd or 
4th cycle of RTX-based immunochemotherapy. Higher 
cumulative doses of RTX and doxorubicin hydrochloride 

Table 2 Characteristics of immunochemotherapy, symptoms, and 
CT findings of 21 patients

Characteristics Numbers (percentage)

Median cycles of immunochemotherapy 
before lung disease*

3 [3–4]

Cycles of immunochemotherapy before 
lung disease

1–2 cycles 3 (14.3)

3–4 cycles 16 (76.2)

5 cycles 2 (9.5)

Cumulative dose of RTX before lung 
disease (mg)

≤1,000 1 (4.8)

1,000–3,000 17 (80.9)

≥3,000 3 (14.3)

Anthracycline chemotherapy drugs

Doxorubicin/epirubicin 5 (23.8)

Doxorubicin hydrochloride liposome 16 (76.2)

Presenting symptoms

Fever 16 (76.2)

Cough 16 (76.2)

Chest tightness 11 (52.4)

Dyspnea 5 (23.8)

CT findings

Diffuse ground-glass opacities 14 (66.7)

Patchy ground-glass opacities 7 (33.3)

Small amount of pleural effusion 2 (9.5)

*, values are expressed as median [inter-quartile range]. CT, 
computed tomography; RTX, rituximab.
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liposome conferred a high risk of ILD, and the application 
of glucocorticosteroid was a key therapy in the improvement 
of clinical symptoms and the radiologic presentation of 
the patients. Notably, we first comprehensively reported 
the variations of the multiple hematological parameters 
involved in inflammation, immunity and tumor status 
during immunochemotherapy-related ILD onset in patients 
with B-cell lymphoma. All these parameters are simple, 
inexpensive, and easily available in patients’ daily routine 
tests.

At present, various biomarkers have been reported in 
the diagnosis and prognostication of lung disease, such 
as the serum levels of Krebs von den Lungen-6 (KL-6), 
thymus and activation-regulated chemokine (TARC)/CC 
chemokine ligand 17 (CCL17), and the level of surfactant 
protein-D (19-21). However, these biomarkers are either 
unspecific, costly, complicated to obtain, or time consuming 
to obtain. Thus, comparable biomarkers need to be 
identified urgently. Further, if biomarkers are identified 
that are obtained as part of patients’ daily routine tests, they 
could be used to identify early signs of the occurrence of 
ILD during immunochemotherapy.

In our study, we found that the median WBC and ALC 
were significantly lower in patients at ILD onset compared 
to the baseline (4.95×109 vs. 6.32×109; 0.71×109 vs. 1.61×109; 
P<0.05). The decrease of ALC, called lymphopenia, is 

a common complication that occurs in 40% of patients 
treated with RTX (24). As a CD20 antibody, RTX could 
induce B-lymphocyte apoptosis, complement activation, and 
cause the release of tumor necrosis factor α, cytokine, which 
may be related to the underlying mechanism of ILD (26). In 
addition, while there have been quite a few reports on PLR, 
LNR, and LMR/MLR in the prediction of lung disease 
in patients with rheumatoid arthritis and thoracic tumors, 
little research has been conducted in this area in relation to 
B-cell lymphoma (22,23). In our study, we found significant 
changes in these parameters at ILD onset compared to the 
baseline (P<0.05). We believed that the reason for these 
changes was mainly due to the decrease in lymphocytes.

CRP has previously been recognized as an acute phase 
protein that is elevated during inflammatory conditions, 
such as rheumatoid arthritis and infections (27). Recently, 
several studies have shown that increases in CRP are 
correlated with pulmonary complications. Xu et al. reported 
that elevated CRP was more frequent in patients with ILD 
caused by clinically amyopathic dermatomyositis (28). 
However, the relationship between CRP and ILD in 
patients undergoing RTX-based immunochemotherapy is 
still not clear. In this study, we similarly found an obviously 
elevated CRP at the time of ILD onset compared to 
the baseline in the B-cell lymphoma patients (15.36 vs.  
7.00 mg/L; P<0.05). Additionally, we also observed 

Table 3 Comparison of blood parameters between baseline and ILD onset of 21 patients

Laboratory data Baseline, median (range) ILD at CT finding, median (range) P

Platelet (109/L) 190 [114–244] 234 [188–290] 0.061

WBC (109/L) 6.32 (4.72–8.61) 4.95 (3.80–6.09) 0.013

Neutrophil (109/L) 3.59 (2.80–4.52) 3.43 (2.13–4.36) 0.414

ALC (109/L) 1.61 (1.21–2.85) 0.71 (0.48–0.93) 0.000

Monocyte (109/L) 0.45 (0.33–0.64) 0.64 (0.25–0.74) 0.365

PLR 119.57 (62.09–160.33) 302.13 (228.92–487.67) 0.000

LMR 4.63 (2.09–8.43) 1.22 (0.83–2.73) 0.001

NLR 2.49 (1.24–2.78) 5.23 (3.03–7.58) 0.000

CRP (mg/L) 7.00 (1.82–15.34) 15.36 (10.82–26.21) 0.004

Albumin (g/L) 40.4 (36.2–43.1) 34.1 (31.9–37.0) 0.001

α-HBDH (U/L) 163.1 (133.6–263.8) 293.0 (218.7–335.3) 0.005

LDH (U/L) 231.1 (172.1–328.0) 361.8 (271.3–433.8) 0.009

ILD, interstitial lung disease; CT, computed tomography; WBC, white blood cell count; ALC, absolute lymphocyte count; PLR, platelet/
lymphocyte ratio; LMR, lymphocyte/monocyte ratio; NLR, neutrophil/lymphocyte ratio; CRP, C-reactive protein; α-HBDH, alpha-
hydroxybutyrate dehydrogenase; LDH, lactate dehydrogenase.
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a significant decrease of albumin at the onset of ILD 
when ILD occurred (34.1 vs. 40.4 g/L; P<0.05). Usually, 
the serum level of albumin is considered a biomarker 
for malnutrition, and it also plays an important role 
in inflammation (29,30). In the inflammatory state, 
microvascular permeability is increased, and it leads to the 
alteration of albumin distribution between intravascular 
and extravascular compartments, which in turn leads to a 
decrease in serum albumin (31). We also found that two 
other parameters (i.e., α-HBDH and LDH) were higher 
at ILD onset (293.0 vs. 163.1 U/L; 361.8 vs. 231.1 U/L; 
P<0.05). Research has shown that α-HBDH is involved 
in different diseases, such as COVID-19 and liver injury 
(32,33). Our study was the first to show that α-HBDH may 
also be related to the occurrence of immunochemotherapy-
related ILD. LDH is not only an indicator of tumor burden 
in lymphoma, it is also a marker of immune suppression 

in cancer (34). In this study, our findings that LDH is 
significantly elevated at ILD onset provide further evidence 
that the suppression of the immune response might cause 
ILD.

As ILD is a common type of lung disease associated with 
RTX-based immunochemotherapy, the discontinuation 
of RTX and doxorubicin hydrochloride liposome, and 
the immediate administration of glucocorticoids are the 
main treatments. Generally, patients with a moderate 
ILD should be treated at a dose which is equivalent to  
0.5–1.0 mg/kg/day of prednisolone for 2–4 weeks and 
then gradually tapered. For patients with a severe ILD, an 
initial dose of 500–1,000 mg/day of methylprednisolone for  
3 days is recommended, and then followed the treatment 
above (35). Usually, symptomatic recovery is achieved 
within days and radiological remission within weeks to 
months in most patients treated with glucocorticoids (17). 
In our study, 15 patients (71.4%) received glucocorticoid 
therapy in combination with anti-infection therapy, 
and 6 received anti-infection therapy only. Ultimately, 
20 patients recovered, but 1 patient died immediately. 
Among the 16 patients who received glucocorticoid therapy, 
10 experienced clinical symptom relief within 1 week, 
and 12 showed image remission within 2 weeks. Among 
the 6 patients who did not receive glucocorticosteroid 
therapy, only 1 patient experienced clinical symptom relief 
within 1 week, and none of the patients showed image 
remission within 2 weeks. These results led us to consider 
whether glucocorticosteroids should be preemptively 
administered to B-cell lymphoma patients with ILD during 
immunochemotherapy.

In addition, typical CT scans, showing bilateral 
pulmonary ground-glass opacities, reticular shadow 
and crazy paving sign, and bronchoalveolar lavage fluid 
NGS, confirmed that two patients had been infected with  
PCP (36). These findings support those of previous reports 
of high PCP infection rates among patients with lymphoma 
undergoing immunochemotherapy (15,37). In our study, 
both patients who suffered PCP also had ILD previously 
during immunochemotherapy and improved or recovered 
after glucocorticoid administration. Case 1 did not receive 
TMP/SMX until the appearance of severe hypoxemia, and 
unfortunately died of ARDS. Case 2 received a previously 
TMP/SMX treatment before their symptoms worsened 
and bronchoalveolar lavage fluid NGS confirmed PCP 
infection. Case 2 ultimately recovered (see Figure 1). Our 
data suggest that it is crucial to consider PCP infection 
during ILD onset. PCP may be able to be prevented via the 

Table 4 Treatments and outcomes of the 21 patients

Treatment and outcome
Numbers 

(percentage)

Glucocorticosteroid usage 15 (71.4)

Methylprednisolone 14 (93.3)

Dexamethasone 1 (6.7)

Initial dose of methylprednisolone, mg/d

80 mg/d 13 (92.9)

40 mg/d 1 (7.1)

Days for 80 mg/d of methylprednisolone* 4.0 (2.8–5.3)

Anti-infection usage 21 (100.0)

TMP/SMX usage 9 (42.9)

Outcomes of lung injury

Improved 20 (95.2)

Dead 1 (4.8)

Efficacy of glucocorticosteroid

Clinical symptom relief within 1 week 10 (66.7)

Image remission within 2 weeks 12 (80.0)

Outcome of patients who did not receive 
glucocorticosteroids

Clinical symptom relief within 1 week 1 (16.7)

Image remission within 2 weeks 0 (0.0)

*, all values are expressed as median (inter-quartile range). TMP/
SMX, trimethoprim/sulfamethoxazole
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administration TMP/SMX in patients who have received 
RTX-based immunochemotherapy treatment. Such 
prevention may be particularly beneficial to unfit patients 
or patients with ILD who have received glucocorticoid 
treatment previously (38). For the dosage of TMP/SMX 
to prevent PCP, either one single strength tablet (80 mg 
TMP and 400 mg SMX) daily or one double strength table 
three times a week is recommended (37). However, there 
is no report about when to start PCP prevention. In our 
practice, patients experienced lung disease after a median of 
three cycles of immunochemotherapy and TMP/SMX can 
be used for PCP prophylaxis on the third cycle of R-based 
immunochemotherapy.

Conclusions

In summary, this study was the first to comprehensively 
report that multiple blood parameters may serve as a warning 
for B-cell lymphoma patients with immunochemotherapy-
related ILD. Further, glucocorticoid administration and PCP 

prevention are crucial for B-cell lymphoma patients with 
immunochemotherapy-related ILD.

In addition, there were some weaknesses of this study, 
such as the small sample size, the lack of homogeneity in 
relation to the immunochemotherapy modalities and non-
randomized retrospective design. However, all reported 
cases in our center were included to avoid selection bias 
except for some undiagnosed cases. Therefore, the results 
of this study must be considered preliminary and should be 
verified by large-scale randomized controlled trials in the 
future.
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Figure 1 Radiologic presentation in Case 2. Chest CT image showed patchy ground-glass opacities in both upper lobes after 3 cycles of 
RTX-based immunochemotherapy (A), which significantly improved after the treatment of 80 mg/d methylprednisolone for 4 days (B). After 
a 3-week clinical symptom remission, the patient experienced fever and chest tightness. Further bronchoalveolar lavage fluid next-generation 
sequencing confirmed PCP infection. A representative CT scan revealed the diffuse patchy ground-glass opacities with an interlobular septal 
thickening and the presence of bilateral pleural effusion (C). The patient recovered slowly after treatment for PCP (D). CT, computed 
tomography; RTX, rituximab; PCP, pneumocystis pneumonia.
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